
Univ
ers

ity
of 

Cap
e Tow

n



The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
of 

Cap
e Tow

n

BSc 

I 
I 



Univ
ers

ity
of 

Cap
e Tow

n

Frontispiece: Ancient Chinese depiction of Chlamydia trachoma/is conjunctivitis. 
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a-DIG 

AIDS 

Alum 

Alk Phos 

APASD 

B 

BCIP 

CAP 

COC 

CJN 

DFAT 

OISH 

DNA 

dATP 

dCTP 

dGTP 

dNTPs 

dUTP 

dTTP 

VI 

Aluminium ammonium 

Alkaline 

Alcian blue acid Schiff diastase a combined stain for acid and neutral used in 

Biotin 

a-DIG/B 

Col 

Centers Disease Control and 
United States America. The 

a Federal Government 
sets norms and standards of in relation to 

the control and management of Infectious Diseases; 

Cervical 

DNA in situ 
sequence; 

ial 

bose Guanine 
mix; 

bose Nucleotide 
blocks Llsed in the master 

Uraci 
PCR master 

bose 

laboratories. A 

numbers of cells in a small area 

identi fy the presence of a 
with a fluorescent label 

in a 

for the in situ demonstration of the presence of a target DNA 

constituent of the chromosome and the carrier of 

the adenine bui block for used in the PCR master 

the block for DNA, used in the PCR master 

the bui block for used in the PCR master 

a term lIsed col describe the DNA bui 

the uracil bui block for used in the Roche 

the block for used in the PCR master 
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EA-65 

E8 

ELISA 

EM 

FDA 

H&E 

HIV 

HPV 

lATA 

LCR 

LM 

LLETZ 

LPS 

Master Mix 

MOMP 

N8T 

VII 

in the 
954 and 

Elemental the infectious form of icative form and resistant to 
environmental conditions adverse to the 

method used for the detection of 
to an enzyme which 

in the Electron 

The United 

exhaustive 

the standard universal stain. 

a retrovirus for the 

Human loma in the of carcinoma of the human cervix uteri; 

Mercuric oxide 

The International Airline 
international airline 

an international 

Chain , a Ol\A ification method 
enzyme different to that used the Roche PCR system; 

affairs of the 

Abbott Laboratories 

excision of the transformation zone. The LLETZ excision 
of tissue removed from the cervix 

effect the removes a tissue I 

a novel 

the transformation zone between endo- and ecto- and part of the ectocervix. The 
effect causes tissue in the resection line 

form of 

The cocktail of chemicals used in the chain of 
blocks, enzyme, and chemical buffers used to set reaction conditions 

Outer Membrane Protein, a 
elemental bodies 

fie structural present in the outer coat of 

l\itro-tetrazol ium a vital 
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smear 

PCR 

Primer 

SSC 7.0 

STD 

The 

VIII 

the 
954 and 1960, The stain 

sl ides used for 

process, IS 

smear, named after Dr, the method of 
examination of exfoliated cells from the human cervix uteri; 

the first method for DNA 

of a selected 

An enzyme ble for a 

Neutral Saline Citrate: A standard concentration solution of sodium citrate in saline solution 
of sodium chloride with 0,3M sodium citrate at used to create conditions in 
which in DNA become unstable, The concentration of 
SSC used in a reaction is as a number of of the standard for 

0,1 x sse or 20 x SSe. 

Sexually transmitted disease, or venereal 
tract; 

derived from a 

an in fection of the tract or lower 

lie Thermus 
temperatures necessary to denature DNA and maintain the 

The enzyme 
DNA in 

was the writer was a partner in a in 
known as Drs Penman Kock and 
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1. 

1.1 THESIS: 

9i:sis to be maintained or the root 

A view that is held in the literature is that the 

smears of the uterine cervix is unreliable 2 

is sections is not 

corroborate their 3·5 The failure of to 

resistance to 

corroborate 

tests. 

The thesis 

made 

of the disease. Several workers in 

smear. These 

'10 
, I 

trachomatis infection 

trachomatis infection 

to and to 

have used other to 

failed to realize the limitations of their 

Fai lure to 

conclusion that 

the technical limitations and low of confirmatory teats has resulted the erroneous 

infection is unreliable. 

1.2 HYPOTHESIS: 

HAP made as a for further from known facts 

in tissue sections will assist to the concern over the val 

With use of more DNA and the 

chain the criteria for the infection can be corroborated. 

The 

criteria can be 

uterine cervix to enable confident 

ied in the examination of smears and tissue sections of the 

of Iflf,flVIJIIJ Irachomatis infection. 
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2. 

Certain cytologic changes in Papanicolaou smears have been ascribed to Chlamydia trachomalis infection. These include 

intracellular vacuolM inclusions that occur predomimmtly in met(lptaslic squamous cells in the endocervical canal. If this 

is true, the Pap smear could playa role in the laboratory diagnosis of Chlamydia I infection. However, many workers have 

described these changes as non-speciflc because cultures and ;mmunologic tests for Chlamydiae failed to corroborate the 

morphologic diagnosis, The sensitivity of Chlamydial culture is low and many immunologic tests are not wholly 

satisfactory in detecting Chlamydiae. Newer DNA detection methods have surpassed these detection methods and are 

more appropriate gold st.andards for the diagnosis of Chlamydia! infections. This study investigated the morphologic 

criteria (MC) for the diagnosis of Chlamydia trachomatis infections in both Pap smears and histology sections. A 

recurrent constt:llatlon of changes regarded as evidence of Ch18mydlRI infection was identified. These included a 

characteristic inflarnmatory picture, peculiar epithelial changes and intra-cellular vacuoles containing three types of 

inclusion. Diagnostic crlteria were refined to exclude possible non-specifIc changes due to inflammation, degeneration, 

and concomitant infections including HPV infection with and without CIN. A significant association of Chlamydial 

infection and CIN was demonstrated. The MC identified were interrogated by two modern DNA detection rnelhods. 

DNA in situ hybridisation (DISH) and polymerase chain reaction (PCR) were used as a combined gold slandard. DISH 

showed the presence of Chlamydial DNA in 92°/0 of morphologically positive case.s and absence of Chlamydial DNA in 

93% of morphologically negative cases. The correlation between morphologic diagnosis and DISH result was signiilcant 

in a high degree (p < 0.001). Using serial tissue sections from the same histology cases, PCR confirmed the presence of 

Chlamydia! DNA in 88% of morphologically positive cases (p < 0.005) and the absence of Chlamydlal DNA tn 80%) of 

morphologically negative case.s (p = 0.0255). When challenged by a gold standard requiring concordant DISH and PCR 

results, the sensitivity of the Me was 95.5% and the specificity was 88,9%. It was concluded that a confident 

morphologic diagnosis of Chlamydia rrachommis infection can be made in Pap smears and in tissue sections of cervix 

uteri. 
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3.1 THE POINT IN 

Several eminent American 

K. and the late John K. 

tract to infection 

ascribed 

trachomatis. I The 

3 

Prabodh 

seen in smears of the female 

include intracellular vacuolar inclusions which occur 

in squamous cells of the endocervical canal. If these are indeed caused 

trachomatis smear could infection. However, 

many workers 3-14 considered the described 

n~",rluUJ failed to corroborate the 

The of eh and many 

not been assessed for IInmuno assays 

1(,·20 have been assessed for are 

methods have detection methods. 

offers a more standard" for the of 

because cu Itures and 

idase tests, have 

16 and direct immunofluorescent tests 

Newer DNA detection 

The view has been 

infections. 15
.
16 The val 

that DNA 

of many of 

the studies that refute the value of a d of C trachoma/is may be called into Failure of 

these tests to corroborate the 

the described and Frost. 2<1 

3.2 SETTlNC THE COLD STANDARD 

The selection of a 

()V,f>rn,pri first 

test method to be used as the 

of the test. The term 

of infection can no be used to dismiss as 

standard" 

standard" 

which to compare other tests must be 

a pure and reliable 

result. the selection of standard" Id also take the of the test into consideration. 

standard for 

because the 

confirmation of a eh 

of th is method is very 

infection has been culture of the 

25 eu Iture of entails inoculation 

ofa into cell culture of an immortalised cell-I 

successfully cu Itured organ isms relies on observation 

years, these were stained 

refined the demonstration of the cu Itured 

which on direct detection of 

consum and less than the 

suitable as standard tests. 

With the l()rHl1,pnt of DNA molecular 

tests the chain reaction are 

usually cells28
-
JO Demonstration of the 

in the host cells. For many 

15 but use of fluorescent anti-eh ia antibodies has 

tests have been 
2-7, these methods are less time 

for neither nor 

has been revolutionized. 15.22.23 DNA 

more sensitive methods IS. and DNA in situ 
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is 

have been 

Iy more than traditional culture methods.15.16.2J,36 Traditional standards in 

these new methods. 

3.3 THE PRESENT INVESTIGATION 

The purpose of this was to 

infections in smears. In the 

should be corroborated 

and were to be 

the criteria for the of trachomatis 

it is considered 

sections 44
-46 The present therefore included an 

infection in tissue sections. The 

modern DNA 

criteria in both 
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4.1 INTRODUCTION 

detection of of methods. These include direct observation of the 

m culture of the in ill1morwlised cell lines ilar to viral cu various methods to 

detect and tests that detect eh I DNA. All of these test modalities suffer limitations and 

of results an of these limitations. 

Historical the standard for confirmation of a eh infection has been culture of the 

because the of the method entails inocu lation of a into 

cell culture of an immortalised cell-I Demonstration of the successfully cultured 

relies on observation ""Or''''''' of the in the host cells. For many years, these 

were stained 

demonstration 

detection of 

the 

Iy 

the cu Inned 

in the test 

for culture. 

of fluorescent anti bod ies has refined the 

tests have been which direct 
,-12 These methods are less time and less than 

With the 

DNA 

l"nfTIPlnI of DNA molecu lar for has been revolutionised. Tests 

are Iy more than traditional culture methods. DNA tests the 

or I chain reactions are more sensitive methods. within the field of DNA 

have resu Ited 111 DNA tests that are more sensitive than ever before. Traditional 

standards in m are these new methods of 

Detection of sequences of eh nucleic acids DNA the late 980s. 

DNA tests have been refined the of DNA The 

of DNA methods is so that culture methods can no be as an 

standard" for detection of trachoma/is. 1.2.14-15 

This review of literature with brief overview the upon which rational should 

be based. The various test modalities available for a infection are examined The tests 

that have been used to refute the value of the 

newer methods available for the 

difficulties encountered in the 

culture tests based on 

DNA methods. 

of infection are evaluated. [n 

ial infection are examined. The review the many 

infections. Shortcom of many of the older tests, 

methods are identified. The literature reveals the of 
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4.2 THE BIOLOGY OF CHLAMYDIA TRACHOMATIS 

Rational for 

the 

hlf"""yjU>O should be based an of the 

some of the 

of this an 

of the may encountered in the 

of 

4.2.1 THE ORGANISM 

are bacterial some characteristics of viruses, Like these bacteria are The 

obi that appear to to some extent the function the host eel L 

of the membrane of the host cell, 2 

The life among bacteria, 2 The is an intracellular 

bacterium that icates within a membrane-bound vesicle of host cells, 16 The 

takes two forms: the bodies and reticulate bodies 2 The eel wall of the contains a 

outer membrane The wall lacks 

so the is resistant to antibiotics, However, both 

ines and to macrolides, 16 Fifteen sero-types of the are 16 

A-K cause infections in man, are fastidious and 

successful culture, 16 The serotypes LI cause venerium, 

EB are the infective form of the are metabolically and are able to survive outside of host cells, 

are small cocci that range in size from 200 to 300 nm in diameter. Numerous co-valent bonds cross-link 

MOMP and the the cell wall and resistant to the extra-cellular environment. 2 The 

wall consists of an tri-Iaminar outer with an inner trilaminar membrane, The central 

core consists of DNA and small amounts of RNA 16 

Reticulate 

The RB are than the EB, are between 600 and I 000 nm In and resemble 

Ie and 

but may be carried 

bacteria with a cell wall and featureless interior. RB are the form of the 

survive within a vacuole the host cell. These bodies cannot initiate new infection of host 

into a new cell host cell division, The RB accumulates a found in the trachomalis 

The fission, 2 

4.2.2 THE LIFE CYCLE OF CHLAMYDIAE 

Infection commences with the attachment of EB to the host cell membrane numerous weak 

interactions, A ke molecule in wall of the EB attaches to in the 

host cell membranen The attachment mechanism is flexible and enables infection a of cell types, 

treatment of host cells prevents attachment of the host cell receptor molecules, of the EB into the host 
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cel occurs 

process 

appears to a role in the 

7 

and is mediated 

of host cell ATP mediated 

process 

host cell microfilament and is IS The 

host cell kinase. caveolin-

inducible nitric oxide in the host 

membrane."o Inactivation of iNOS causes reduced of nitric oxide in the host cell. This in turn inhibits the 

formation of free NO host cell defence mechanism intracellular bacteria. 

iNOS host cell defence mechanisms. 20 

After infection of a host cel the of the The RB cell wal retains the outer 

and the than that of EB because fewer 

S-S cross-links are present. the three dimensional and structure of the MOMP and 

is reduction of these covalent I inks The becomes chromatin 

becomes is initiated and of host derived amino acids follows with of 

After of the host cell do not fuse with the vesicle " Instead 

numerous endosomes fuse to form usua Ily one 

host cell clathrin and 

inclusion. Redistribution in the cell of the small 

endosomes for fusion is mediated 
. I 

annex illS. 'J v," '''''v , endosome fusion is not 

remain within the and two may be 

vesicle for the of the 

a membranous septum. 16 The 

In cel culture infection of a host cell lead to sllccessfu I 

"mu of infection" 16 [fthe MOl is in excess of 100 

occur. I f the number of the cell is between 20 and 

occurs and low numbers of EB are released. Where the number of 

of new IS 

per host cell, immediate 

the load is too 

is less than 3 per host eel 

upon the 

may 

of occurs, few cells are infected and these may be so sparse that may not be detected 

when the culture is read. 

Once in the "",,4ACAn'''' the EB differentiate into an R B within 6 to 9 hours. 2 The S-S links in the 

in the host the less dense. The MOMP acts as 

of host-derived energy rich nucleotides into the organism 2123 The metabolical active RB divides 

every two hours for about 2 to 3 16 Continued fission a of 

endosome until it most of the host cell and causes of the nucleus to the 

host cell. 

are reduced 

entry 

fission 

the 

of the 

The life of different in the endosome is with some RB 

both RB and EB and intermediate forms may be found in an endosome. 

into EB after only one 

the later part 

of the numerous forms intermediate between EB and RB are present towards the end of the infectious 
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an unknown induces maturation of most of the RB into EB. The maturation and up­

rise to more than regu lation of of both MOM P and the Maturation of one RB may 

one EB24 Not all mature before of the endosome occurs with release of EB into the extra-cellular 

space. In ideal the increase in number of in the course of one is in the 

(J 000 16 

4.2.3 THE CHLAMYDIAL GENOME 

The Cil ial genome is one of the smallest genomes known. The circular DNA molecule consists 

200 kilo-base and codes 600 approx 

known. A genome of 7.5 kb is found in virtually aJJ types of 

The entire sequence is not yet 

trachomatis 25 Only very 

genome has been fully 

genome codes for 

known and 

man lation of the Ch 

been isolated without this 

for DNA-based 

to be involved in 

Cllpl has been 

I genome. A role for the J in 

4.2.4 CHLAMYDIAL METABOLISM 

The metabolism of has been mainly in 

trachomatis. 

and a 28 kilo-Dalton cell 

and offers 

metabolism is not known. 

conditions 

The 

for 

cell cultures. 16 

Conditions successfu passage of in cultured cells have been standardised and differ markedly from 

in vivo 

nucleic 

Proliferation of 

for 

therefore 

III 

conditions. These studies have shown that the RB of trachomatis is of of 

and 

in the endosome is of many of the host cell but the Ch 

on the host cell as a source of energy. The have some of the components 

process, but 

as 

the endosome the 

lack enzymes and 

use of host cell adenosine 

is seen bound to host cell 

The are 

electron 

the source 

of host cell A Tpn 

4.2.5 CHLAMYDIAL ANTIGENS 2 

The 

shock 

type 

appears to 

into two biochemical 

include MOMP, outer 

and MIP. The 

the 

existence of a smooth LPS is A third non-LPS 

a role in virulence. 

and the 

envA and envB, Ch ial heat 

known to be of consequence is 

is as yet but 
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Protein antigens '1 

(l) /vtajor outer memhrane protein: The gene (ompJ) codes for MOMP that is the predominant antigenic 

determinant in EA. MOMP is a 40 kilo-Dalton protein that defines the [5 scrotypes of Chlamydia trachoma/is from one 

another. Sequencing of amp/ shows five constant regions and four variable regions (VS I - IV) !n the MOMP protein. 

Epilopes determined by VS l, IJ and IV are associated with 0 lymphocyte receptors. These epitopcs are found on the 

surface of EB, in the exposed surface of the MOMP molecule and are accessible to antibody. Chlamydiae are divided 

into subspccies serogroup U (serovars 8, E, F, G 1(, LI, L2l and serogroup C (serovers A, C, H, 1, ,I, L3). These 

two groups arc separated from one another by eprtopes in V IV, The Chlamydial serovars are determined by specific 

epi10pes expressed in VS I and VS II. Epiropes de(ennined by V [II are thought to be assoclmed with T lymphocyte 

receptors. 

MOMP antigen may be for development of a Chlamydial vaccine, but successful use will depend on the ability of the 

organism to undergo antigenic change. Antigenic drift has been documented and possible major antigen shifts have 

noted, indicating that development of a vaccine may be problematic. 

(2) Cysteine-rich outer envelope proteins: T Jere are two so-called "cysteine-rich" proteins. The larger outer 

envelope protein envB is coded for by the omp2 gene (lnd is a 60 kiloual!on protein. The :smaller of lhe "cysteine-rich" 

proteins, the outer envelope protein envA, is a 12 - 15 kilo-Dalton lipoprotein coded for by the gene omp3. The RB 

synthesize these proteins as they mature into EB. It is lhought that tile lipid moiety of the envA lipoprotein is embedded 

in the Chlamydial cytoplasmic membrane with the protein moiety in the periplasmic space, available for S-S covalent 

bonding with MOMP. Doth cysteine-rich proteins form S-S bonds with MOMP conferring osmotic stability on the EO, 

The structural alteratIon caused by the S-S bonding changes the thickness and permeability of the outer cell wall and 

reduces the size oflhe organism from between 600 and I 000 nm to between 200 and 300 nm. 

(3) Heat shock proteins: The three Chlarnydial heat shock proteins are 12, 60 and 70 kilo-ualtons in size 

(hspsI2, h'1'560 and I1sp570). The hsps60 and hsps70 proteins are expressed early in the lire cycle of Rfl They arc 

located in (he outer membrane complex and are thought to be involved in trans-membrane transport. Location of 

Chlamydlal hsps in (he cell membrane rnay be associated with host immune response (vide h?fra). 

(Ll) Chlamydial macrophage infectivity pOlenfiotor protein (MfP): This 29 kilo-ualton lipoprotein is embedded 

in (he cell wall of the 1::8. The proteins has cis I fi'ans lsomerase activity and appears to be associated \-vith protein 

folding. The protein plays a role in Chlarnydial rep[jcatlon and possibly virulence by as yet uncertain mechanisms. 

Antibody to MIP weakly neutralizes Chlamydiae. 

Glycolipid and carbohydrate 

(I) Chlamydial rough LPS: LPS plays an important role in the pathogenesls of Chlamydia I disease. This LPS is 

a Chlamydial genus-specific epitope consisting of a trisaccharide molecule encoded by the gene gseA. The 

trisaccharide consists of J molecules of 3-deoxy-D-manno-octulosotlic (lcid (KDO) linked a KDO 
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ex KDO 2->4. The ex KDO 2->8 linked molecule is and immuno-dominant. The 

trisaccharide IS eX~losi~d on the surface of both EB and RB. 

smooth LPS: Definite of the existence of a smooth LPS associated with virulence is 

reduces of 

This has been 

in mice. Little is 

4.2.6 HOST -CHLAMYDIA INTERACTIONS 

Host-cell interactions 

The interaction between the host eel and the IS 

because an 

known about this 

and many of the factors that 

of infection or elimination of infection are unknow!1.16 Metabolic functions encoded 

genome are limited and ofRB is 

energy are from the host cell. 

The role of the endosome membrane is 

to the membrane. 16 Other intracellular 

but the 

for 

because some functions 

sited in the 

free in host cell 

endosome 

The membrane may also serve to 

a stable osmotic environment and confers resistance to 

transport of nutrients and metabol iles. Another 

essential to the 

the host cell 

Endosome membrane 

may reside in the membrane. the membrane of the endosome 

of the endosome membrane appears to be a function of the 

continues even if in the host eel is 

the host culture eel is anucleate 29 

In addition to alterations to the endosome MOMP and other 

membrane of the infected cells. 2 The mechanism and the purpose this 

of 

near 

The 

antibiotics. 

from 

28 or if 

are 

is not known. Failure to 

several studies of the 

this factor has resulted 111 of immuno-histochemical in 

infection 

Other interactions include a function host on 

infections and of disease 

Julius one of the foremost researchers in the has and documented 

infections.mlcra'", 33·)5 

infections may be 

to the same mother have 

other cases indicate that the infection may 

of infection is characteristic of infection 34
.
J6 Ocular and 

for months or years. It has been observed that successive infants born 

while the mother remained 

for al least four years. 

This and 



Univ
ers

ity
of 

Cap
e Tow

n

11 

There is evidence that interferon-y and Iymphokines limit Chlamydial development and are associated with delayed 

infections in vitro. J7
-
J9 The mechanism of delayed infections occurring in vitro is partly CI function of numbers of 

infectious organisms (MOI),16 Similar mechanisms could explain latency of infection in the in vivo clinical serting. 

Chbmydial infection is thought to remain quiescent and sub-clinical unless associated with a super-infecting pathogen?4 

The disease is associated with other known cervical infective pathogens in at least 60 % of cases, frequently gonorrhoea. 
3< 

Delayed or latent infections may offer an explanation for many of the failures to corroborate the morphologic diagnosis 

of Chlamydial infection that are recorded in the literature. "Microbiological indices in chlamydial infection dO not 

coincide perfectly with clinical signs. Clinically delayed infections would be characterised by positive assays 

for Chlamydial antigen or DNA but only intermittently positive isolation of infectious EBs by tissue culture. It 

follows that the isolation of chlamydiae in cell culture would no longer be a gold standard criterion for 

infection." 2 

Inflammatory response 

The inflammatory infiltrate associated with Chlamydial infection is mixed with lymphocytes, plasma cells·'l.4o-42 and in 

the acute phase, neutrophils." The infiltrate may show a follicular lymphoid infiltrate."·42 The Chlamydial hsps70 has 

an N-terminal ATPase domain and a C-terminal peptide-binding domain that is structurally homologous to th.e major 

histo-compatibilty class I proteins (MHC I). This may allow partial resistance to tumour necrosis factor (TN Fa) and 

superoxide ions. Chlamydial hsps60 and MOMP cause proliferation of host CD4+ T-Iymphocytes resulting in y­

interferon production. Chlamydial hsps production is up regulated by y-interferon, and because of the similarity of 

hsps70 to MHC I, this may confer a survival advantage over cytotoxic T-lymphocytes. 

I 
Chlamydial LPS engages the epithelial receptor CDI4 resulting in production of pro-inflammatory cytokines by host 

epithelial cells. Cytokines up regulate lymphocyte receptors promoting lymphocyte adhesion and MHC IT proteins. The 

cytokines include TNFa that induces cell necrosis and leads to inflammation with fibrosis and scarring. LPS is a non­

specific activator of macrophages and persists in macrophages and in (lddition, stimulates B lymphocytes. 

The absence in the literature of morphologic criteri(l to enable diagnosis of "cervicitis" as distinct from inflamm(ltory 

cells "normally" present in the endocervical mucosa is discussed elsewhere (vide infra. Morphologic Study). 

]mmune response 41 

Some aspects of Chlamydia I histology "may be more related to the inflammatory response than to direct host cell 

destruction as a result of chlamydial growth and spread." 16 

In contrast to lhe phagocytic process in epithelial cells. when macrophages phagocytose EB, lysosomes do fuse with the 

endosome. Subsequent B-lymphocyte interactions with these macroph(lges result in production of IgM, IgG and IgA 

antibodies directed against MOMP (not LPS). The emcacy of these antibodies in controlling or modifying the infection 
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is uncertain. 

results in clonal 

in the cervical mucus appears to reduce the number of EB shed. interaction 

of cytotox ic 

cells remains unknown. Tissue necrosis due to 

2 There is also evidence of a 

infection and and fibrosis appears to be mediated 

Host tissue response 

The clinical lesion most associated with active Ch 

II HLA 

this 

ind icate reactive of immature lastic squamous 

of TNFa 

cervicitis 

16 The role and 

induced 

of these 

cel leads to 

reaction to recurrent Ch 

reaction. 

an erosion."]" Cervical erosions 

with some cell 

intermediate between mucinous and squamous 4~ and with mucinous celJs 

features 

the surface J4A5
,46 

While trauma, 

infection may be a 

hormone fluctuations and the I are also associated with 

and cause. The clinical observation that erosions are a feature of 

cervicitis is that inclusions are found in squamous 

the 

some workers." 

inclusions found in many erosions have been "discounted as 

4.3 FACTORS AFFECTfNG THE RELIABLE DIAGNOSIS OF CHLAMYDlAL INFECnON 

Severa I factors to reduce the of al tests for trachomatis. I These factors 

include the site from which the is the type of device used for 

the of the taken and the cond itions of and 

these factors varies wjth the of test to be used. Of the factors all 

of the taken. The consequences to reliable 

factors are reviewed below. 

for 

the type of 

The of 

the most 

of these 

As many as 30% of were to detect Ch inferti studies funded the Centres for 

Disease Control and Prevention in the United States. I This was found to be true of 

for the 

of DNA am 

affects the 

culture studies should 

trad itional 

Several studies have shown that the and the 

This was found for tests direct immuno-fluorescent 

immunosorbent assays or both methods in sequenceS I 

related to the 

and nllc leic acid 

be affected. However, studies 

has been 

of the If 

then the 

of the 

of 

arisen when cu Ilure of 

DNA tests. the 

Collection of 

Since the 

for culture 

IS an intra-cellular the collected for the detection of 

trachomatis should include host cells. I Most infected cells are obtained from the endocervical canal in 
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women, the anterior urethra in of both ,,,>,,"'''r< Urethral should not be collected after micturition 

as is reduces the number of columnar cells available for collection. ' In women, mu and of 

endocervical and urethral culture %. 

The use of correct to obtain infected cells is necessary, The collection device should be of 

have 

the brushes 

ce lis from the but at the same time should not be toxic to the brush 

been recommended because more cells are 55 but in the hands of well-trained 

are not more to outcome than swabs. 5(, Calcium and or 

swabs may be but these should be tested to use for 

shafts are unsuitable 25 The swab should be inserted I to cm 

on cel culture line, 54,57 Swabs with wooden 

into the endocervical canal and rotated for at least 15 

or 4 cm into the urethra and rotated two or three times. ' 

The sequence of 

Neisseria 

for different tests is debatable, The CDC recommends that a the gram 

away 

of 

nrrnn,?rlt7 should all other 

on 

cu Iture because bacteria I con tam ination of the 

may influence the outcome of culture. 

smears in direct immunofluorescent 53,58 The CDC recommend 

cells to cu Iture, 

presence of blood in the 

the device used to make the smear, ""I-,,,-,.)Q) 

chain reaction 

secretions shou Id be to 

and effects puru lent secretions 

secretions affect the appearance of the 

smear before for 

may induce and the 

tests for DNA.6o On the 

other a 

may inhibit 

smear made after the cervix for cells to be cultured may not be and 

may be blood stained. 

of 

Culture of the 

for culture 

purposes 

cell culture line has been effected, The 

outcome of culture is 

that remain viable after collection until inoculation into the 

must therefore be stored and 5),54 The 

cooled and n,r'''rtpl1 at a temperature between 2 and 

stored in these conditions should be cultured within 48 hours, The may be 

stored for but 

lO° C has an even more deleterious effect,61 These 

on detection of or DNA. Thus, 

success of culture 

,rp,mpnt< do not 

of 

at least at 

to those test modalities that 

for culture may militate 

a successful outcome. Poor conditions while may detract from the value of culture as a 

bench-mark which other test modalities are to be measured, 

of the include 2-sucrose 62 or media recommended for the nrt··~,..rv" 

nt,,;nn;<rt-' 63 The addition of 2 % or 5 foetal bovine serum may assist to preserve the 

frozen Antibiotics to which 

or bacteria, 

B or 

are resistant may be included in the 

are effective 

Effective "universal" 

are also 

bacterial con tam ination and 

transport media transport media 

available. 6J Unlike sucrose-
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the "universal" media and 2 are also suitable for non-culture tests, both ELISA 

Collection of for detection of or DNA 

Tests on the detection of commercially systems. fic 

collection collection materials are recommended the manufacturer. Most of 

of for culture to these tests. J should collected 

the manufacturer's instructions and the sholl not be on for wh icll the test has 

not been lise of a test method on a 

confusion. For and female urethral are not as 

for ofCh detection methods 59 

of urine is non-invasive and can be used for of populations. urme 

have been shown to be of low in detection of detection methods G5
.
GG 

a advance has been the of tests DNA Il1 

urine J The ification tests are able to detect very small amounts of Ch DNA present in the urine 

because of urethral infection. of DNA in urine has been shown with 

cervical infection because of contamination of the urine cervical or secretions. 

A unne are less I to be than cervical or urethral there are some restrictions 

on collection of urine suitable detection DNA ification 59 The should be 

"first catch", mid-stream urine used for chain reaction 

of men a sexually transmitted diseases inic. 68 In the should nol be cleaned to 

collection of the The urine should be collected not less than 1 hour nor more than 2 hours after 

micturition and should be of volume (10 to 20 The time since micturition is of more 

in from women than in men. Times in excess of 3 hours Iy reduces of 

detection tests in women,69 but not in men 69
.
70 

and of for detection of or DNA 

The low and urea content of urine DNA at ambient temperatures, Iy above 

25° C. The urine should be voided into a clean container and cooled 2 to 8° C. Urine for PCR 

can be stored in these conditions for up to four and of the urine to PCR may 

increase removal of transient factors in the urine 70 

Other factors of 

The sensitivities of methods for the detection of trachoma/is are enhanced of 

of either a urine or an endocervical direct fluorescent 
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and LCR did not all infected women, but of the results of both tests did 71 Studies on 

whether endocervical are more trachomatis infections have 

been discordant71
-
73 Studies site for a may underestimate the value of 

cervical if are not collected On the other 

as unsuitable. 

a more sensitive test may allow 

to be taken from sites urine tested PCR or LCR is to 

urine tested 

cervical 

cu Iture. 74.15 

taken 

the and tested PCR results to 

Iy trained 

assurance for 

The CDC in the United States recommend that the 

monitored. I Without of 

and tested 

of 

cu Iture 75 

of 

collected for 

up to 10% of 

should be 

may be found to 
49.56 have been defined 

examination. 

the CDC as those in which no columnar or 

squamous cel collected for DNA commercially available 

methods may not be suitable for assessment cell count because 

collection media. The to 

DNA in the 

cellular components and 

faci I itates the release of free upon which the test is np,rtnrrn 

4.4 

4.4.1 

4.4.1.1 

METHODS FOR THE DETECTION OF CHLAMYDIAE 

MICROSCOPIC DEMONSTRATION OF THE ORGANISM 

CON.HINCTIVAL SMEARS 

This 

The presence of Ch 

a and useful method to 

intracellular inclusions in direct smears of the 

acute inclusion 

in neonates is 

smears are said to show numerous 

inclusions in a clean debris-free demonstration in smears is said to have a 

of> 90 % in neonates, but in adults the 

method and the use of control slides from Ch 

is much lower. These smears are stained the Giemsa 

cellu least 10J cells per if 

ial cell cultures is recommended. Test smears should be of 

is to be achieved. The identification of the inclusions 

considerable pv,,">p,··,pr,{'p and and should be restricted to laboratories that np,etArm the test regu 

numbers to maintain a level of 

4.4.1.2 FEMALE GENITAL TRACT SMEARS 

The seminal work et 

et af indicated in J 979 that the of infection could be made 

described in detail the features to be found in smears. Three 

with different features: 

(1 ) stage 

infected cells were 

M',->r'/,r'M was characterised the presence of 

15 to 20 mp in diameter and infected 

were 

smears. 

each 

coccoid bodies: 

coccoid 

and in 
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many of the infected cells were celis, Columnar cells were involved and in 

some cases, columnar cells were 

the cells occurred or small groups of two to six 

infected cells could be multinucleate and four to nuclei were common, The 

nuclei did not mould one another. Multinucleated infected columnar cells were uncommon; 

nuclei of infected cells were classified as in the vast 

resembled cells 

cells; 

and with undulated nuclear 

Nucleol i were rare and 

of cases. The nuclei were well 

The chromatin was diffuse and 

in both and columnar 

in the absence of the nuclear resembled mild or moderate I or 

CrN or folic acid 

the cells showed distinct outlines and the was usually ic and 

was often fied" a in the 

entire cell was 

coccoid bodies were present in the rari tied areas of 

bodies were 

The second stage was characterised the presence of 

and "inclusion bodies": 

infected cells showed textured and contained 

The 

and occasional the 

The coccoid 

in the 

coccoid ic or 

ic in a 

vacuolated 

distribution. These occurred in both loose and compact 

cells contained 

inclusions 

The third slage 

infected cells 

inclusion bodies 

or 

showed 

inclusion bodies I to 2 m~ in diameter. The 

vacuoles central 

lie and dense aggregates of 

the inclusion bodies were 

The inclusions contained a central 

clear zone around them. 

or a 

of these 

with 

with 

ic condensation with a 

noted that the infiltrate associated with infection was usually lie and 

and cells were uncommon. el indicated that follicular cervicitis was not 

associated with the of 
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was on the of ell coccoid bodies. ial "inclusion 

bodies" In their discussion of ial 

these authors indicated that caution was necessary 111 where inflammation was present because 

inflammation is associated with ic vacuolisation. 

were as 

the 

were not 

inclusion bodies were 

was constant and distinct. Inclusion bodies without the presence 

as sufficient to the infection. The 

forms from other ael~en,era 

the 

inclusion bodies 

Iy useful because 

coccoid bodies 

to separate these 

The based on their criteria were corroborated with three test modalities. Positive cultures were 

obtained in 25% of cases tested. Immuno-fluorescence demonstrate eh was on 20 cases 

but the number confirmed this method was not indicated. EM was successfu Iy np"tArno on eel lifted from two 

smears. 

In standard texts, usual form taken the intra-cellular forms of are described 

as inclusion bodies5
.
6 for this reason, most have concentrated their attention on the 

inclusion bodies 2 .4 7-10, 12-15 

value of coccoid bodies. 

to this seminal paper, numerous workers have 

infection In smears. to confirm the 

methods 

if any attention has been 

the 

have made use of a 

and electron m 

of eh 

of 

to the 

A number of such studies have not shown correlation with the smear result. in/a alia 4-6.9-15 S h orne researc ers agree 

with that the vacuolar inclusion bodies are not indicators of eh infection 9 ,IO,12-15 Other 

authors the vacuolar inclusions as or 5,7, II Several 

papers have concluded that an of smears have been corroborated and use 

of the smear as a test. imt'r alia 4,7,8 

lmm confirmation in smears 

The ication in 1985 Iy addressed the first articu lated et that of 

eh vacuolar "inclusion bodies" from mucus inclusion vacuoles and 

vacuoles. Five types of vacuolar inclusion were identified in smears and described in detail. Smears these 

inclusions were re-stained the P) method a 

monoclonal mouse the same smears were to to 

before were stained with PAS to demonstrate Illucin, In this controls were HeLa 229 cells 

infected and controls were un-infected HeLa cells. 
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Tn the Sh 77 was demonstrated 

vacuoles inclusions were almost 

IP within vacuolar inclusion in 13 of 183 

inclusions. Positive of the and 

found in 85,8 % of these inclusions, was not confined to the vacuolar inclusion, 

found in the of intermediate squamous cel squamous cells, "tissue 

was 

was also 

cells 

one of which 

may have been due 

and columnar ceJls. The distribution into several 

showed with a ic 

to the presence of coccoid bodies in the cell but Shiina did not these nor did he discuss 

this 

material in up to 82% of non-nebular inclusions and this as evidence that the non-

nebular inclusions contained mucin and were not Ch He concludes that on Iy the nebu lar inclusions shou Id be 

as of infection. Other types of vacuolar inclusions were as 

because these inclusions contained mucin and did not show the presence of within the inclusion, 

However, this author notes that 12% of nebular inclusions also contained this mucin and that material also 

occurred in control HeLa cells nebular inclusions, The author assumed that 

material is mucin, this ication it is not stated whether smears without nebular but with other types of 

showed in the of 

did not indicate which was demonstrated the 

in the discussion he notes that while IP was the best available method to show 

used in his 

not stain 

cell wall 

Prior to 

is 

the main 

and some technical aspects of 

it could be 

After infection of a host cell, Ch 

in the host cell membrane after 

is 

I f the 

that some ial inclusions would 

MOMP is markedly but the 

18 hours in the fe 173 

2,7~ 

it is not stated in his used in the Shiina was indeed 

immunofluorescent 

system, not a fluorescent system, 

MOMP, For technical reasons, antibodies directed 

79,80 Shiina used a 

unfixed fresh frozen cells would not be 

for LPS. 

Bernal el 

enzyme 

available in smear form for immunofluorescent 

In 1 Bernal el I conducted a two endocervical taken from each at the same time, An 

endocervical smear was and a swab taken for immunofluorescent detection of 

trachomatis the Microtrak-Siva method. Various different criteria those of 

el and 77 were to the smear. The each method were recorded 
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The resu Its were with the immunofluorescent test and the sensitivities and 

of the different sets of criteria were calculated. the Microtrak-Siva method for immuno-tluorescence as a 

of detection of the in fection was not (19% the criteria of el and 

the criteria of evaluated this Microtrak-Siva system, both sets of criteria were 

found to be to culture methodsHI The of the criteria enunciated el al was 

86% and those of 9 %. 

In a these authors evaluated nine in which the criteria el 

had been used for the 

has an average 

with cu 

Ch infection. 

of Ch infection. This revealed that the criteria defined 

of only 

between 70 and 

the combined 

ofCh 

concluded that 

derived from these 

el 

this outcome 

test for 

the 

conclusion drawn Bernal et af was that infection is not accurate. 

stated that "because of the transmitted it is 

concluded that cervical is not useful for the presence of 1:-<1,"'1(11'" trachoma tis. I I n the 

a more valid conclusion would have been that of Cll 

infection is accurate, because of low it is not be recommended as a ,,:r-p(-',nIYirv 

It was a crucial of this to address the contention numerous workers that vacuolar inclusions are a 

and or that inclusions contain mucin not Ch ial The full 

of cell in fection and of organ isms leads to cell to take 

40 hours. It was reasoned that many cells would show in the earlier part of the life that 

could not be dismissed as evidence of cel death. of cell death could be late in the life of 

the after about 30 hours. 2
.
41 Cell death is of the process and the of imminent of the cel 

these late constitute part of the evidence of infection. A a 

of cell death should not be dismissed as 

ic vacuoles and nuclear alterations in 

[n add 

4.4.1.3 

The 
7.40,82,8J,84-86 

cel were not 

HISTOLOGIC DIAGNOSIS IN FEMALE GENITAL TI~ACT. 

of 

1n the book 

infection in the uterine cervix 

86 the authors note that 

source of 

it remained necessary to show that the 

has addressed in several articles. 

infection is an cause of 

very little has been written about the appearance of the disease. These authors review several 

inclusions in 

seminal work 

follicular 

of Ch 

in cervical 

associated with Ch infection without mention of Ch 

on the 

fomteen years 

of literature unti I 

Several other 

inclusions40.S2.8J.8S.87 In I Crum el 

shOll Id alert the to 

did not mention the 

ications have followed 

concluded that 

in fection. 
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that 

and co-authors that follicular cervicitis was 

of based on these alone 

The seminal work Swanson et 

In I a of nine cases of cervicitis due to Neisseria 

inclusions in cervical from two described the 

and warned 

is not recommended, 

Swanson et 

features of the 

found 

infection 

and electron These workers inclusions had been seen in 

material from the transition zone of the uterine cervix for the first time m 1938, found cervical 

inclusions in six women whose neonates had inclusion Swanson studied taken from 

one of the two 

culture, The 

inclusions 

these for EM 7 and II months after the had been treated, At that time 

serum antibodies and a had a cervical 

other had a normal titre serum 

from both 

antibodies and culture, 

were demonstrated in cervical 

Swanson el identified inclusions in epoxy embedded sections 

demonstrated in columnar mucinous but were also found in 

These were most 

squamous cells, The 

vesicular inclusions showed numerous bodies I mil in diameter. Paraffin-embedded tissues 

showed the same ial vesicles but the intravesicular inclusions not as seen, The 

were or stained the methenamine silver 

and were stained blue-violet with Giemsa stains, 

the vesicles showed with features of EB and intermediate forms 

were identified and are wei illustrated in their These workers and corroborated their 

other workers, The same appearances had been described in six of the EM 

noted that 

mucinous 

of 111 the EM features in infections, 

RB were found close to the vesicle membrane, The were identified in cells 

differentiation with surface microvil 111 tonofilaments and intermediate cells with blunted viii 

and tonofilaments, Some of the host cells showed rif'(JPnf'r" with condensation of 

di lated mitochondria and nuclear chromatin, 

These workers ~UI"LC;"lC;U that 

prove useful in the 

The view 

As noted of 

infection, 

are the 

has not 

vacuolar inclusions in squamous cells, Three 

inclusions in exfoliative smears and could 

been the identification of the presence of the 

directed MOMP, While inclusions were 

Kiviat ef 

these were 

used immunofluorescent 

and not found to be a 
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useful feature in most cases85
,87 These workers identified cervicitis due to as indicated 

culture and immuno-fluorescent detection of MOMP in extra-cellular EB in smears of cervical mucus,R3.85 

the of Ch infection with the of cervicitis due infections 

Trichomonas and feature of cervicitis was the presence of 

follicles with centres, Other features were dense ial 

inflammation with cells, noted that infection occurs 

cells and found that inflammation was maximal around mucinous 

Of interest was the observation that some and did not show 

may indicate focal involvement of the endocervix Ulceration was rare, 

Hare appearances of Ch infections and examined 

form cervicitis, Follicular seen 

nodu les on the cervix and in the as fol was found to correlate with 

workers noted that the follicles were situated beneath immature 

Kiviat el that inflammation was maximal near mucus 

with cervicitis due to 

in mucous 

This 

Iy directed 

as creamy white 

infection, These 

in contrast to the 

did not show similar 

Paavonen el was on the presence of a chronic 

sometimes with a reactive fol icular component. 

Crum el screened 102 cervical with inflammation for evidence of Ch 

found 7 cases, but noted a strong association with severe inflammation, Of the 102 

cases, a of27 cases showed severe inflammation and 6 were concluded that severe 

inflammation should alert the to Ch ial infection, On 9 the 27 cases severe 

inflammation showed follicular cervicitis with reactive follicles Unlike Kiviat et 83,85,87 

Paavonen et and Hare et did not link the follicular inflammation with the presence of 

Furthermore, the of inclusions and these as "the most 

feature," 

The view mucinous cells are affected 

rn the studies of Kiviat et 85 and Hare et it was stressed that the cervical mucinous ium was 

an observation made Swanson el 0/
44 

also described the presence of 

Crum el 

The 

Cil 

in mucinous columnar eel 

cervical 

used was a 

serotypes A K. The 

Swanson e/ 

squamous cells, Crum et 

to detect 

e/ and Crum e/ 

found that Ch 

a reactive with 

it is difficult to know which were 
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the basis for 

was directed at MOMP. 

serovars A to K is the MOMP It that the 

Seven of the cases 102 showed The 

""'011""" and in the 

and within the of the 

also in some mucinous columnar cells did not stain for 

detected was found 

The 

Mucicarmine and 

in mucinous endocervical 

in mucinous cells was both 

and 

acid Schiff stains 

but 

showed 

mucin in many these vacuoles the authors to the conclusion that many vacuoles were mucinous 

with or without diastase pre­

may not have been due to 

in nature. This paper did not indicate whether or not the PAS stain was 

treatment Since 

mucin. 

nm'un,no accumulate 16 some of the 

The MOMP 

did not detect 

in EB and is less abundant in RB 2
,16 If the used Crum el al 

The some inclusions mainly RB may not have stained 

MOMP in the host cell mem 16 may the of both cells and inclusions 

The of LII'lmnV,(lUl'e and 

Numerous workers have a infection with cellular of host cell and 

with CIN./I""' IIlia 90-104 Crum el noted that 3 of their 7 cases showed in cells in 

squamous to cells One case showed concomitant HPY infection with 

CIN II. The to cause cellular and the extent and CP','P.'",,, of cellular due to 

Ch 

reactive 

infection has not been 

is attributed to the J4,44 

Immature squamous 

The association of 

manifest as "cervical erosion" and 

infection with HPY infection and inlra­

well known has not been evidence suggests that any 

between these entities is the consequence of both conditions sexually transmitted diseases, The 

spectrum of 

to whether 

from reactive 

has a causal role. 

has not been 

demonstrated the presence of 

hl,H",,,n,n Irachomalis DNA in CIN and cervical carcinomas. Schlott and the researcher are col 

m 

infection 

Electron 

studies to 

features 

Only a few attempts to corroborate 

44,76.105 On the one 

the 

and Swanson el 

for oncogene in Ch 

of cervical infection 

had examined cervical tissues 

trachomatis 

EM have been 

EM and concluded 

that the 

inclusions. The 

identical with those seen in similar inclusions in cell cultures are indeed present in the vacuolar 

el demonstrated EM in nebular type inclusions in 
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4.4.2 

until 

upon the 

DNA 

alone 

RE OF CHLAMYDIA 

Immortalised cell line 

of 

Inoculation the cell culture 

process rf'II>::l<:,>~ 

best achieved sonication of achieved 

in the 
16 

HeLa Is 109 or 

multi-well culture 

in 

of 

from 

based 

the 

the 
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In medium is over a cell For better the inoculated 

is then J J3 causes alterations in the host cell membrane that enhance of the cells 

elemental bodies. The number of inclusions found in infected cells can be enhanced 100 to 000 fold 

more 

at 3 000 G for one hour at 

to in fection it is 

35"c. 108 The of HeLa 229 cells or 

DHEA_dextran. 108
,109 The residual is 

to effects and fresh culture medium added. 

Demonstration of 

inclusions are visible in the host cells 48 to 72 hours after inocu lation of the 

cells is 

from the 

The inclusions may be the usc of fluorescent 112.114.1 The 

IS stained with a fluorescent that binds Ch LPS common to al of 

the inclusions may be stained with a fluorescent monoclonal that binds MOMP to 

trachomatis. "The direct visualization of inclusions that possess a very distinctive 

contributes to the near 100% of culture tests."1 Culture results should not be assessed 

assays, since this results in the loss of the when inclusions are 

Other less stains have been used Giemsa and iodine stains. Use of these less 

as 

of the cu Iture resu It. 

of the rn(\Tn~'(\ of inclusions in the cell may affect 

on "the of the a skilled and 

colour and location of the inclusion. 

The culture 

It seems definition skilled conclude that it is not to 

trachomatis in a smear features and the location of the 

inclusion within the cells. However, wil accept the identification of Ch infection when 

the same criteria to decide the outcome of a culture. 

the of culture 

the further passage of uninfected cell The 

The 

of the culture method can be enhanced 

is sonicated and then used to inocu This process resu Its in detection of a further 

3% to I 17 cases. the duration the culture may also increase 

4.4.3 DETECTION OF CHLAMYDlAL ANTIGEN 

Detection of Ch 

immunosorbent assays 

of-care" the 

is a further 

is achieved either direct fluorescent tests ( or pn'nmn"_ in ked 

These methods may be for 

clinic or ward. Immuno-histochemical detection of 

al demonstration of the in tissue sections or 
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4.4.3.1 DIRECT FLUORESCENT ANTIBODY TEST 

The OFAT is on a smear made from a of cells from the infected ial 

cells have been used 119,120 The smear is air-dried 

I The presence in the 

are detected 

cells is essential. 152,56 The 

to a fluorescent label. The smear is examined 

to detect the presence of the fluorescent The the under ultra-violet 

UV to be used is lar commercial test The fluorescent bodies detected should be the 

colour for the and show and location. Reticular bodies 

should be seen within cells and elemental bodies size and be located between cells and in 

muclls streaks, The of the test can be of the 
124 also allows the OF A T to be conducted on urine 119,120 

and 

When both are to cu the DFAT has a 

of 98% to 99%.12 125,126 DF AT combines the detection of Ch 

of the in the the test 

inclusions and elemental bodies at the same time show the characteristic 

test is that the number of columnar cells present in the 

avai lable tests of the assessed, The most 

Ch MOM? or L?S and are more than older tests that used 

anti-LPS antibodies because LPS is MOM? antibodies are to those 

antibodies to the ofMOMP 

OF A T has been shown to detect trachoma/is infections in 

the 

method 

129,130 the 

inaccuracies occasioned 

127,13 I the rectum m and the 

examination of each fluorescence 

various 

onto slide. 122
-

of between 80% and and a 

with direct localisation 

of 

of 

A further 

can be determined and the 

monoclonal antibodies to the 

antibodies, Tests 

present in EB, 

the 

from the 

anti-

122,127,128 

133 and in urine. I 19,120 The OF AT 

The to 

of American 

and include method of tixation of the the num ber of EB present, the serotype of 

the eh the used and of the 128 A minimum 

number of ten EB is considered necessary for a reliable clinical of infection, the cut-off to two 

EB may be used to increase 134 but results in lower 

The DFAT is no test because the test is labour intensive and h Iy 

skilled 

to confirm 

stud ies 

nPlrtnrm the 

resu Its obtained 

peR or 

However, because of its 

other non-cu Ilure 

studies peR and 

the DFAT tends still be lIsed 

the OF AThas lIsefu I in 

to set threshold levels for of 
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eh infection 64.67.107.1 36.137 J n these and when used as a test, cases 

have been defined those where only two 0) EB have been seen DFAT 

4.4.3.2 ENZYME-LINKED IMMllNOSORBENT ASSA YS 

the I ELISA tests for and the is the most used in 

commercially available tests for the use of an bound to an enzyme. 

Detection of the target results in the formation of an 

the test the enzyme to 

linked to the enzyme. A second step in 

a colourless substrate to a coloured end 

test is indicated a in colour that can be measured a luminometer. 

The ELISA tests are immuno-chemical reactions in which antibodies detect eh which is a 

LPS is more soluble than MOMP and considerable are 

in the surface membranes of infected cells.1J8 For these reasons, LPS is more abundant in most 

marker for the presence of 

colourless substrate to a coloured 

The enzyme is bound to the anti-LPS 

and is a usefu I 

Th is conversion of a 

is the enzyme in the test medium. The presence coloured 

is detected a Some variations of the ELISA test use the enzyme to convert a 

colourless substrate to a fluorescent wh ich is detected a fluorescence spectrometer. 

Two varieties of ELISA are available: the direct and the indirect methods. The direct methods utilize anti-LPS labeJed 

with the enzyme. The indirect tests a in which the LPS 

is detected which is enzyme linked. Usual the is monoclonal murine 

and the 

LPS antibodies are not 

bacteria and yeasts. 16,117.139.140 To overcome this 

been used to 

or 

ELISA tests. In this 

with monoclonal 

or "blocks" eh ial LPS. 

IS directed murine 

fic and may cross-react with LPS from both 

and to improve so called have 

an that has been found to be 

LPS. This step inhibits 

\\lith the initial test, the blocked test a reduced 

because some of the Iy blocked. To confirm the test 

a minimum inhibition is necessary. It is noted that in some the amount of LPS in the 

may be in excess of the agent. The concentration of may not be sufficient to 

suppress In such This may result in incorrect the test. I, 138 Positive 

ELISA tests have also been validated DFAT in test. 123,14 142 may be better to confirm 

ELISA tests with DF A T rather than with the test 
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The has the of Elf SA tests for and is recommended for ELISA used for 

tests, However, even if the step is some authors do not recommend ELISA for use on urine 

from females because their studies appears to have shown resu Its. On the other 

other workers have indicated that the of culture for Ch female urine 

results may indeed have contaminated with endocervical secretions51 For this reason, these so-called "false 

been correct. 

The of most available ELISA tests is in the of 97% without the and better 

than 99% with the step.143 

The ELISA tests varies with the lar brand of detection kit. The of "Ch 

is inclusion of the 143-145 However, meta-

several studies different commercial tests showed that the best 

test is is on Iy in the of 73%.1 Use of the step is essential for urine Con firmation 

of the Ch the DFAT 

results. One while another,146 revealed that 24% of 

The CDC recommends confirmation of 

but 

Ch 

The 

M 

were DFAT 

The low of th is test and these 

ELISA tests 111 a low 

suggest that the 

ELISA system, also marketed as ® has been evaluated in a series 
123,145147-150 of these papers indicated that the overal is 83% for endocervical 

97% for male urethral 

ELISA has been 

ELISA has been shown to be 

and 82% for male urine Once more, the 

OI/~,~t~·,L-~ DFAT.141 In direct 

ELlSA. 142,14J,148 

of 

the 

Other commercially available ELISA test systems Ch LPS have been marketed for 

of urine of the urine and of the sediment in buffer These tests 

with the test kit. ELISA of urine IS to better results in males than in 

The 

each other. 

those for Ch 

of these other test kits has been less evaluated I than 

the of the "\DEJA Test" ® 

, but similar , while another 

for the "Prima EIA Test" ® 

®152 but the three kits were not 

and tests. 

to be better than 

the three tests are on a par with 

have been better than 

with each other. 
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Second 

One 

ELISA tests 

the "IMx Select" ® 

automated methods and more have become available. 

was to be more sensitive than cu Iture. 66 in this 

60% sensitive. It clear that the 

available. The CDC notes that no 

between the ELISA tests that 

are has al available In the same 

it is recommended that selection an ELSIA test should be based on tests d 

on the same 

In summary, the CDC recommends confimlation of tests any ELISA method in a low 

ELISA tests should be it is recommended that the standard when 

of DNA.I 

4.4.3.3 POINT-OF-CARE TESTING 

ELISA tests for the detection of trach()ma/is have been for use in 

the 

situations. These tests can be conducted the or his assistant in his office and 

nor 

Limitations 

These tests use ELISA methods and detect Ch which means that these tests are 

limitations as ELISA cross reactions with 

tests of the ELISA reaction and are therefore or 

Several tests are marketed commercial but the CDC (hat none has been well evaluated. I 

several studies indicate that the less sensitive and less than 

59 

to include 

or "near-

neither 

to similar 

ELISA. Since tests are more rei tests is not recommended unless immediate 

results are 

The results of 

these tests 

for decisions 

result should be 

use of such tests in low 

confirmed 

situations and in 

assurance of such 

method, The 

of tests vary and also differ with the type, The 

endocervical swabs varies between 52% and 85% with culture, 15J,155 Sim 

is 

for false 

of 

the 

sensitivities for tests done male urethral swabs vary between 65% and 85%.154, of these tests is 

as 95%, These and have been derived in studies conducted 

not unskilled persons who would normally ,,",rtA,·"" 
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4.4.3.4 IMMliNO-HlSTOCHEMICAL DETECTION OF CHLAMYDIAL ANTIGEN 

Introduction 

Antibodies have been used to localize in tissues since the 1940's and has been 

since the advent of monoclonal antibodies in the 1970'S.159 lH is used to locate tissue 

interaction of the The fonned in the tissues may be 

to the or immuno-detection and visualised 

method. The 

with a 

a label 

enables of the function and chemical identi the and 

other mo lecules steroid and other enzymes, structural membrane within 

the cells. The tool has enhanced the of the of tissues and the process of many diseases. 

Antibodies have been used to of normal cells, mal cells and and to alterations 

of gene cell differentiation. 1 

IH detection of is 111 laboratories. The IS available and is easy 

to many of the and systems used in IH are also in DISH methods. "We have an 

future to look forward to when we can one gene, its mRI\JA and the encoded molecule 

within a cell which contains millions of of each. This will have a effect on the of 

disease and its in the of medicine." 1(.0 

Both methods were considered for use in th is some of the literature this 

and the methods available for both 

detailed attention in this review. 

and choice of method 

and label of Ch and/or Ch DNA has received 

The oflH 

and titre of the 

available for the 

upon three main factors: the amount of and state of of the the avid 

and the of the immuno-detection system. A of methods is 

sensitive systems that will reveal small amounts of are 

avai but and are too in the of the routine 

refinements of the may serve no purpose if the is not or available for 

All 

to the 

labeled 

The 

it. 

imitations on the 

wei 

alteration the fixation and 

of antibodies available for detection of 

tissues is wide and ever 

and of the target so that the can bind to 

acetone or alcohol fixation may or mask the 

wax-embedded tissue block used universally In 

process may prevent or 

111 

Loss of the diffusion or chemical 

limit the use of this 

sections from formal 

The range 



Univ
ers

ity
of 

Cap
e Tow

n

IH with maximum frozen sections of unfixed tissue. For routine and to ensure 

considerations reliable and the choice of the method to be used is determ ined such 

the nature of the 

factors are the need to limit the number of steps 

the cost of the 

the of the solutions and systems used for 

automation and batch In the routine these factors prevent of more 

sensitive and I H methods. 159 Choice of a research method may be limited the means and needs 

established in the routine 

Considerations for tissue sections 

(1) Preservation 

Tissue for I H fixation or to retain of molecules. SmaJi tissue may 

be at 4 in saline-soaked gauze for 24 hours without deleterious effect. tissue 

results. The ideal means of tissue varies to the 

The best I H resu Its are obtained with cryostat sections of frozen tissue 

and the available. 

fixed in absolute acetone at 4 °C for 

of the broadest spectrum of IS? Once fixed and air-dried at room temperature, frozen 

sections may be in tin foi I and stored at 20 "c for years if necessary. 159 it is rare that tissue can be 

collected in ideal circumstances and in most cases, IH can be achieved with conventional fixation methods. Tissues fixed 

in and embedded in wax may be stored at room temperature for years. Tissues embedded in wax 

for 150 years have been used for IH.159 

based fixatives are most used because of IS and the fixative is most 

stable in routine 

side chains of amino 

situations. 

or on the bonds in the tissue 

groups form on the reactive on the 

161 These groups react with un-

reacted amino acid side chains to form between amino groups in the tissue 159.200 resu in 

inter- and intra-molecular cross-Jinks. These cross-links affect the three dimensional structures of and can mask 

becomes more the sites for 

severe if fixation is 

groups are 

between 

retrieval 

enzyme, l59.163 or 

the This 

in cut sections if the cross-links between amino 

exposure to microwave 164 or to at 

temperatures in an autoclave or domestic pressure cooker A more sensitive IH methods can be used to detect 

the reduced amount of present in fixed tissue. I)') 

Bouin's and PLP with dichromate are recommended as alternative 

fixatives for .1 H 165-168 but their use strict control of fixation times and this is not 

since most tissue lab are fixed with IH antibodies and methods to 

this fixative allow rpt"AC,npf' of arch ived tissues. 
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continues after dissection of the Fixation 

fixation and allows more uniform fixation. IH results are 

reduced amounts 

may be trimmed 

immuno-chemical 

to 1H 159 

use of microwave assisted fixation was 

are 

of small to medium sized blocks tissue for 

better on blocks in this way. 

for small section. Blocks or sections that are too 

this a wide range of 

and fixation time is considerable shortened. Microwaves appear to act molecules to 

this 

h 

found that a 

Conformational 

have shown that 

microwave 

the fonnation of 

have been 

bonds between 

to all processes 

in the molecules. 17o Since 

of tissue for 

fixation microwave irradiation for has been 170.172 It \vas 

range of antibodies detect after microwave fixation than after formal in fixation. 172 

in structure can be caused heat the of tissues. studies 

of vimentin detected monoclonal antibodies have a half life of 10 to 15 minutes at 60°C J7) 

fixation of tissues in hot formalin 

melts at temperatures between 50 and 60 

should be avoided. of tissues in 

for destruction of 

wax, which 

Careful 

of tissues control of the of wax and of tissue is necessary. 

of sections can also be 

done at 37°C for 8 to 24 hours. 

for destruction of of sections should be 

sensitive 

affect 

adhesive 

are best 

of sections at 60°C shou Id be restricted to 15 minutes. Particu 

the section at room temperature for 24 hours. 

6 Jlm sections are essential for I H Th folded or scored sections may 

and are more to wash off the sl ide of slides with 

used. Gelatin-chrome alum-coated are effective for most purposes, but 

pre-treatment of sections may the Am is an effective 

a Sections with small surface area adhere better to 

and use of reagents is more economical. The removal wax in three washes of 

wax cause of and result in 

washes of 100% 70% and in tap water. 

retrieval 

first described in I is the most 

retrieval. The protease serves to un-mask 

fixation process. On the other are protease 

is more uniform 

essential. Traces of 

is achieved three 

for 

the 

can 

is 

the tissue The concentration of enzyme used and the duration of d 

process 

varies and 

on the conditions fixation and the extent [0 which has been altered heat 159 If a 
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is it must be carefu controlled. To achieve of the method between standardization 

of the methods is necessary. For most h 

Biochemicals 150213J or a 0.0125 % Protease 

enzyme solutions are useful: a 0. 

or 0.4% 

P-70 I Other enzymes used include Proteinase K and Ficin. Solutions should be freshly the enzyme 

added to and sl ides heated to the temperature before the enzyme is added. The use of a 

water bath to warm slides and solutions undue and alteration of the concentration of solutions. 159 

retrieval: retrieval for formalin fixed tissue can be achieved ication 

of temperatures in combination with salt solutions of and type of buffer. 164. The heat may 

be 179,IBO microwave irradiation I64. 172. ultrasonic or domestic pressure 

cooker. 178. 183 The mechanism of this effect is to be the removal of calcium ions bound to groups 

formed formalin fixation. 

Low lemperatllre 

temperatures is made 

low temperature allows better 

Considerations for 

IH is a usefu In 

cells exfoliated into 

tissue. 

( ) Preservalion 

relrieval acid 

weak acid 

of tissue 

. has been shown be effective . 

to remove calcium ions and break 

and reduces of sections from the 

Use of low 

The 

slides. 

159 Smears may be derived from cells or brushed from mucosal 

cells obtained fine needle or cells from touch of 

For many years, fixation of smears was method volumes of 95% 

alcohol and ether. This fixative has been abandoned because of the fire risk with ether. Routine fixation in most 

laboratories with 95% ethanol or 00% methanol. 185 For smear fixatives 

ether aerosol 

and carbowax 

after it evaporates, leaves a fine 

unstained sJides to the 

calls are a convenient means of 

easy hand and 

Alcohols fix tissue 

for IH 

The nature of the 

almost universal acceptance. 187 These fixatives contain 95% 

or J 00% ethanol and carbowax. The aerosolized ethanol solvent fixes the cells and 

of carbowax over the smear that serves to the cells transport of 

of 

is removed to 

fixative to sites where 

slides in 95% ethanol. Aerosol 

smears are taken. The aerosol method allows for 

of celJu lar and nuclear detai I. 

exposure to ethanol or methanol may 

fixed smears made from exfoliated cells of the cervix uteri is not 

and the available to it governs the of 
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I H on routine smears. Recommendations for fixation smears for I H resu Its include the 

use of mixtures of acetone:methanol I: I or acetone:methanol:formal in (19: 9: I 

IH on smears made from fluids rich in mucins or or with a of red blood cells 

This can cause 

washed to 

concentrate cells from 

to smears. Where 

onto the slide a 

lular fluids. Slides may be 

in aluminium foil and stored at -20 159 

Fluids for examination that are very rich in cells may be and the cells in agar 

to fixation in and for routine as a cell block. Sections made from cell 

blocks are ideal for IH 159 

commercial available systems for the collection of cell from the cervix uteri in a 

fixative fluid have become available The more available systems are and 

and both have been validated and received FDA These are not available for routine lise in 

these methods a cells 111 a South Africa. For ease of 

circumscribed area on the 

concentrate cells. A very 

achieved with these 

serve to wash away mucins and red blood cells and 

in of the smear exam ination has been 

of several smears from one fluid 

and Iy offers the faci to do further the same cel I 191.192 Th is could offer 

in the IH of cells exfoliated from the cervix. 

I) 

The 

includ 

is used to localise the 

cellular structures, cell 

and can be directed a wide range of molecules 

and infective 

These antibodies are monoclonal and are raised 111 the with a 

New antibodies become available to use, should be validated. 159 Use of a new 

must be tests to establish The method of fixation and of tissues or 

smears must be shown to be 

and -20 IS? 

deterioration. 

does not lead to 

retrieval must be established. 

is essential to maintain 

at 

shou Id therefore be 

of the entire batch of 

and rep,eatE:d 

into small 

and the 

and ideal conditions may vary between +4 "c 
and of results in 

volumes to so that use 
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Immuno-detection 

Numerous immuno-detection 

been aim at 

the amount of label bound to the 

may be critical in 

been for commercial use. 159 

Direct the 

The is 

method is not sensitive and the 

to attach a label the have been evolved. 'rhe variations that have 

and of the tests. 159 may be 

The choice of the immuno-detection system used to bind a label the 

successful detection of the Several alternative 

method of 

and a 

A label is 

is obtained if the 

cannot be used in other more sensitive 

have 

onto the 

bind. This 

indirecl makes use of an un-labelled followed a 

to label. The is raised in one of hA""t"nl animal and the IS 

raised in another with the 

This allows the 

raised in the same 

the label to remain constant, 

of 

the range of 

of animal. Since several 

number of labels attached to the 

antibod ies 

is increased. The 

with 

is therefore 

one the 

and the 

Enhanced indirect a three stage process where antibodies from three different are 

used and results in further enhancement of the 

uses the 

used enzymes are 

same 

of an and an that enzyme. 

must be derived from the 

raised in a different serves 

to link the with the and must be in excess. This enables the one 

of the Fab arms of the to bind with the Fc and the other to bind with 

the Fc of the bound to the enzyme IS in low 

amounts, the second and third 

as many times as necessary to achieve 

Avidin-BioI in util izes the natural avidin or the 

to the small molecule biotin. Up to four molecules of biotin may bind to one molecule of 

avidin or to form the ABC. The ABC is linked to the a The 

must be raised the of animal in which the was 

molecule of biotin is bound to its Fc the The Fab arm of the 

binds to the Fe part of the binds to the biotin on the Fc of the 

is said to be better than avidin in this system because it has an isoelectric close to 

neutral. This means that groups is minimal. is not a 

and so does not bind with tissue lectins to cause 
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(3) LubellingSyslem.'so 

The Jabelling systcrn is used (0 make visible the reaction between the target antigen (Ag) and [he primary amibody (Ab). 

Labels that may be used include fluorescent dyes, enzymes, metallic precipitates, metaHoprotein compounds and 

radioisotopes. The four more commonly used labels " (! me nuorescein isothionate (FITC), the enzymes horseradlsh 

peroxidase (HRP) and alkaline phosphatase (ALP) and gold precipitate: 

(a) Flrc: fluorescent dyes require florescence microscopy in which correlating the site of the antigen expression 

with the morpho.1ogic location is more complex because details of tissue morphology is lost under fluorescence 

conditions. The preparation is not stable and fluorescence fades. For [hese reasons FlTC is nor widely used in 

pi.1thology~ I)') 

(b) HRP is a plant-derived enzyme and is the Inost widely used enzyme-label. The enLyme label is invisible. 

Howevcr, il releases free 0" radicles from f-h02 that oxidize a colout"imetric agent to produce a visible deposit in the 

tissue at the sitcs whcre Ag-Ab-ABC-HRP binding has occurred. A number of colourimetric agents may be used, 

including 3,3-diaminobenzidine (DAB), 3-amino-9-ethylcarbazolc, 4-chloro-l-napthol, p-phenylenediamine 

pyrocatcchol (Hanker-Yates reagent), tetra-methyl-benzidine, homovanillic acid and napthol pyronine. DAB is most 

widely used because the brown precipitate is insoluble ill organic solvents (alcohols and xylol) and preparations can be 

mounted permanently using synthetic mounling mediul11 (DPX). To furthcr increase sensitivity, post-incubation of the 

final reaction product in heavy rnetal salts can bc enhance the intcnsity of thc colour rcac[ion or changed thc colour of 

the DAB precipitate. Nickel chloride (NiCI,6I1,O) is most commonly used.'" 

Endogenous (human) peroxidase is prescnt in normal red blood cells, neutrophils and macrophages and may cause 

precipitation of DAB in non-targct sites. The preclpitate is usually intensely dark, is confined to thcse celis and can be 

ignored when the sections are interpreted. If the cells of interest contain large amounts of endogenous peroxidase, or 

inflammatory cells or numerous red blood cells due to haemorrhage are present in the section, the endogenous enzyme 

can be "blocked" prior to exposing the target antigen to the primary antibody. Flooding the section with .1% H?02 in 

methanol will mop up endogenous peroxidases. Acid alcohol, sodium azide, sodium cyanide, potassium ferricyanide, 

nilroferricyanide and picric acid are enzyme poisons lhat deslroy peroxidase, but must be carefully washed away before 

the primary antibody is used. Alternatively, Hanker-YA.!es reagent can be used because It only reacts with planl-derived 

enzymes. (Srajning with this chromogen is capricious and fades over time.) DAB is suspected to be carcinogenic and 

requires careful handling and other colourimetric agents rnay be preferred for this reason. More than one chromogcn can 

be used for simultaneous staining using two or more different primary antibodies to demonstrate I""l1ultip!e targc[ antigens; 

159 

(c) ALP: is less widely used than HRP. ALP used in lP is dcrived from calf intestine and is resistant to 

levarnisole [Sigma -1-9756J, while hurnan alkaline phosphatase is not. Addition of levamisole solution (between I and 

5mM) to ALP is sufficlenr to block human endogenOllS peroxidase, except in tissues with high concentrations of thc 

endogenous enzyme (gastro-intestinal tissues and placenta). The blocking agent can be added to thc chromogenic 
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solurion and i) pre-incubation step is not required. Chromogens used with ALP (lrc either napthol-AS-MX phosphate 

[Sigma N-4875] or napthol-AS-Bl-phosphnte [Sigma N-2250l These chromogcns can both be coloured red using Fast 

Red" [Sigma F- J SOO] or ",ew Fuchsin [R. Lamb CJ 41520] and can bc turned blue using Fast Bilice [Sigma ",-1300]. 

However, the substrate precipitate is soluble in orgnllic solvents and sections BlUst he mounted in aqueous rnedia 

(gtycero!-gelatin). New Fuchsin is stable enough to bc mounlcd in DPX but may fade when stored; 15" 

(d) Gold immuno-gold labelling (IG) has beeo used for IP, mainly but not exclusively for EM. The metal label 

is used in E\1 because it is electron dense and sh()'\.vs as black granules in eleclron photomicrographs. The technique is 

not very sensitive bur post-incubation with colloidal silver solution results in silver precipitation on the gold molecule 

and improves sensitivjty (lGSS). The black precipi:ate is highly stable and potentially very sensirive,I93 especially jf the 

deposits are examined under polarized light. 194 Disadvantages of this method include the cost of the gold and silver 

reagents and the tricky colloidal silver step that requires carcfulrime and temperature control. 

COil trois for lH 

Controls for IH are necessary to confirm lhat negnrive results are due to absence of the target antigen and that posirive 

results are due to specific binding of antibody. 159 Controls for reagents; the tisslle and the procedure are necessary. 

(I) Rea!',enl controls 

Conlrols Commercial reagents should be tested against ~(nown posilive tissue to chec,k that staining is specific. \Vorking 

dilutions of antibody and antigen retrieval procedures should be optimized using known positive controls; .5') 

(2) Procedure COnlro/s 

(11) A known posilive tissue secfion, fixed and rreated in the same way as the test section should be included with 

each siaining batch, Stainine in the known positive tissue should be appropriate: target t:ells should Slain positively and 

non-target cells negatively. Background staining should be minimal or absent Positive control sections should nol' stain 

too inrcnsl:ly so that assessment of the sensitivity of the !P result in the test section can be assessed. A resu[[ in 

the known posjtive control indicates a fault in one or lllore of the steps in the procedure. Careful selection of positive 

control blocks may allow testing of multiple antibodies against sections from the same block. 159 Sections of the 

intestinal appendix \vith reactive lymphoid hyperplasia for example, show multiples tissue clements, including 

epithelium, smooth muscle) vascular endothelium, nerve, fat peritoneal mesothelium and lymphoid clements 

(hisliocytes, Rand T lymphocytes, sl"nall Iymphocyks, centrocytes, immunocytes, lymphocytes from the mantle and 

marginal zones, plasrna cells), It is common prac~ice for laboratories to particlpate in external quality assurance 

schemes. Test tissues submitted regularly by an external agency are stained using [1-1 procedures nnd the sections 

submitted for expert external scrutiny; 

(b) A prirnory antihody ('negmive"j control using a non=[mmunogenic substitute for the prirnary antibody 

should be run on a sedal test section, This control sections should Slain negatively to confirm the specificity of positive 

staining in the section being tested. Four options l59 are available: 
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(i) usc of a prirnary antibody reagent in which active antibody h<lS been absorbed by adding specific purifierl 

antigen. This elaborate step is not necessary in the routine setting when knmvrJ, previously tested reagents arc being 

used: 

(ii) usc of an irrelevant antibody, achieved in the practical setting by using a panel of antibodies to identify a 

tissue by its characteristic positive and negative reactions. Epithelial cells for example, should stain positively for 

epithelial antigens and negatively for non-epithelial antigens; 

(iii) use of non-immune serum from the same species used to raise the primary antibody; 

(iv) omission of tile primary antibody; 

(c) Other reagent control!:; for secondary and tertiary linking and labelling reagents may become necessary if 

non-specific staining or un-explained negative staining OCCLIrs in test andior control sections. 

Laboratory procedurcs and tcchnique 151) 

IH can be successfully performed with relatively simple standard Jaboratory equipment \il!hen performing lP procedures 

manually, best result.s are achieved with precise attention to accurate and careful application of the staining protocols . .It 

is necess?llY 10 npply protocols with precise control of reaction times and regulation of temperature conditions. 

Standardization of reaction conditions allows comparison of the intensity of stain,ng of target cell with different 

nJltibodies, or between cases. Preparation 0freagents with special care taken to ensure correcl osmolarity )S essentl.:11 for 

bes[ results. Storage of reagents in optimum conditiolls to preverH degeneration or conraminatlon is vital. Careful 

handling of slides is necessary and the numbers of lests being performed at a time should be limited to enable atterHion to 

precise lechnique. 

Mounting severa! sect.ions on one slide may allow improved technique by reducing the number of slides to be handled. 

Individua! sections can be isolated from one another by nppl ication of line of hydrophobic wax around e8ch section, The 

wax 1S applled easily using a special pen. The hydrorhobic line serves to contain reagenls tn a circumscribed area over 

ihe tissue section. This method allows use of different reagents on different sections pLnced on the same slide. Smaller 

volumes of reagent are required by reducing the surf8ce area to be covered by the reagent. The smaller reagent surf8ce 

area minimises evaporation and serves to prevent drying out of [he secliol1s during incubation. Ev;;)poration is also 

reduced if incubations are perfo!111ed in covered cont:iliners. 

Careful handling of slides reduces lifting of sections from the slide during swinlng. To wash slides, they should be 

soaked in buffer in Coplin jars or butter dishes. Slides should not be agitated to prevent tifting of sections. 

IrnrnunologicaJly inert coatings can be used to "sub') shues and reduce lifting of tissue. Buffer fluid should be carefully 

removed by tapping slides on edge over (issue pap.::!", This prevents dilution of antibody serum or reagems by excess 

fluid. Once wet, slides should not be allowed to dry OUL Once the target antigen has been stained, tissues should be 

counterstained to ennble visualiZation of the morphology so that the precise location of Ab-Ag-Iabel complexes can be 

idemified. If the precipitated chromogen is insolulJle, aqueous countcrstaining can be performed. The nuclei and 
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cytoplasm of the cells is usually stained wirh haematoxylin. If the IEibel precipitate is blue, methyl green or neutral red 

can be used to counterstain. More complex counterstJllls can be used if necessary. 

Automation 15<) 

lP techniques are rendily {jurornated. Various commercial automated syslems are availabJe and automation frequently 

achieves excellent results by mil1lrnising deviat.ions Frorn stalldardised staining protocols. 

IrHlO'iiath'e techniques [fl lH r50 

V/hen limited rissue is avallable, particul<:lrly in cytologic specimens, several innovations can be used to make the best 

use of tissue. Papanicolaou-stnined smears or haemntoxylin & eosin-swined (I--IE) sections can be re-stained using IH 

aner being de-stained in INeak citric acid INh1ch also serves to retrieve antigen by acid hydrolysis (own observation). 

Smears and even sections m<:ly be split so that more thar.. one antibody C<:ln be <:lpplied to On~ slide. The slide may be Cllt 

inro seversl separate pieces for staining. Alternatively, sectors of the slide can he sep<:lrated by lines of hydrophobic WClX, 

or by carefully applied lines ofmolren paraffin wax. The sectors can then be stained using different antibodies. 

It is also possible to re-stain tissue sections or smears wirh a second and even a third ami body. [H prepanltions may be 

double or triple staine.d using two or more different amibodies sequentially or simultaneoLisly. Sequential staining makes 

use of two or three steps using one antigen at a time. The result of the first procedure is photographed before the section 

Or smear is de-stained and [hen re-stained uslr..g a second (or third) antibody. Some robust antigens (for example 

cytokeratin or leukocyte common antigen) may retai;l :heir J I) staining, but use of a second chromogenic label with a 

different colour [s possible to differentlate the products of the different Ag-Ab reactlor..s. !')') 

Simultaneous staining 1S a most effective means of showing two or more antigens. If antibodies from the same species 

are used, the first 1\g-Ab reaction must be lnbeJled, befc)re the second antibody is applied. 1\ different chromogenic label 

\s used for each subsequent 1\b-1\g reaction. [f binding sites on the first primary antibody are not saluraled, it is possib.le 

that the secondary antibody labelled with the second chromogen could bind to the flrsl targee causing false positive 

staining. 

Pleferably, primm)' antibodies raised in different species should be used. In these circwllstances, the primary antibodies 

can be mixed allowing the two or more 1\g-Ab reactio:1S to occur simultaneously. The different chrol1lOgenic labels 

must be conjugated to appropri<:lte species-specific secondary antibodies corresponding lo the species of primary 

antibody used for eflch target antigen. Careful selection of ellzyrne substrates allows good conlrast between tl1e react jon 

products of the different primary antibodies. ft may be neces::;ary to dllute one OJ" more of the primary antibodies so that 

a strong re<:lclion does not mask a wenker rcaclion. The sequent[a~ rnethod, using primary <:lnlibodies raised in different 

. . I·' b 1 '59 specIes Yle uS est reSLI IS, 



Univ
ers

ity
of 

Cap
e Tow

n

39 

Combination of fH and DISH on the same section is possible but has [imi[cd application at present. 195.190 

Quality assurance in I H 

!H is a mainstay in modern anatomical pathology. The science and technology used for IH work continues to improve 

and innovations that improve the quallty (lnd rang,e of tests available may be expected to continue for some lime. 

Development of new antibodies <Jnd new detection systems are the most likely means of improved quality in the 

future. 159 Quality of staining is indicated by intense Stailling \virh precise localisation of the Ah-Ag complex in both 

control and tes[ sections. Steps to improve qualily sllould include attention to oprim?1 tissue flxatlon and antigen 

retrieval methods. Pre-digestion steps should use correct proteolytic enzyrnes for appropriate times "'Villi optimum 

temperature conditions. Particular care is necessary \vith high temperature antigen retrleval rnerhods and if possible IO\J"I 

temperature acid hydrolysis is prefertlble (own obscrv;nions). 

(1) incubation time,' Prolonged incubations tin~es with hoth primary anlisera and secondary antihodies can 

improve staining. Recommended incubation times tor most commerctal antisera should he regarded as minirnum tillles 

rather than critical or optimum times. ls
<) Prolonged incubations, for sever(ll homs may be effective. lncubatioll 

overnight m 4°C to prevent evapormion of antisera may be necessary. Prolonged incubations should be done in (l sealed 

moist incubation chamber to prevent drying of the secr:ons; 

(2) incubation !emperature: Incllbation wit:] Jl1tisera is freql!ently performed at room remperO!Ut"e (20aC) but 

incubation at 37°C may enhance staining considerJbly. This effect is probably due to increased movement of molecules 

improving the chances of Ag-Ab reactions. Care to prevent over heating or drying out of the sections is essential.!)? 

Microwtlve heating has been successfijlly used to reduce incubation times to 30 seconds for a range of antibodies; 1<)7 

(3) Antibody {ilration: The titre of antisera greatly affects [he staining in IH. Intensity of staining is improved 

with higher concentrations, but increased cost is a consideration and bJckg)"ound staining can be a probJem: 159 

(4) Agitolioi/ during meuboi/on: AgitcHion during incubations is effective and may be due to increased 

1110vernent of rTioiecuJes. Agitation is difficult wllell rhe strlining method is manual, rnay require greater voJulTle or 

antisera and CJuse increased evaporation. Incubation of severat scctions in a Coplin jar or other container is more 

amenable to agftation. Smne automated sysrerns rflake sllccessful use of agitation; :~9 

(5) NO!1~specific s1aining: Non-spcciftc binding oCrrimary or secondary antihody to tissue due to chargcd groups 

on prorcins or mucins can cause non-specific st("lining. The charged groups can he swamping with non-irnmune scnllil 

(bovinc serum albumin or foetal calf serum) to prevent the non-specific staining. ~on-imfT1unc serum can be added to 

the primary 8ntibodtes when they are diluted or can be arplicd in zm extra step before incubatton with the prirrltlry 

antibody. Another cause of non-specific stClining )s the presence of other antibodies in the primary or secondary 
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nnUbody sera. These can be absorbed out of the 811tisem hy adding homogenized tissue extracts (brain or liver). :\on­

specdlc staining due to aJdehyde groups present in the tissue section can be blocked by sodium horohydride: IS') 

(6) Removal (fPigmems conjlJSed with reactiON product: Pigments in tissue are frequently hrown and may be 

cO:lfuscd with the bmwn precipitate when DAB is used to stain the Ag-Ab reaclion product 159 Comparison of the rest 

section wirh rhe tlegi:l!ive control section will reveal (lJe presence of pigment. The main culprits 8re bile salts, iron sRllS, 

lipofuscin, carbon, ;:mel fTlelanin. Mercuric chloride or formalin pigment from 1ixation may also be R problem. 

Awareness of this problern may be sufficient to allow appropriate inlerpretaliof) of the sectjons (own observation). The 

r1loS1 satisfactory W(\y to prevent confusion between pigment and chromogen precipitate is to use an alternative 

chromogen thaI is nol brown, for example ALP.159 However, it may be necessary to remove p.igments from the sections. 

In such CHses, care is necessary to ensure that removed does not interfere with tissue antigenicity and compromise the IH 

procedure. Frequently, steps to block endogenolls peroxid(Jse with IbOI are sllfficient to remove fonnaJin pigrnent and 

mercuric chloride.)') The standHrd rnethod to remove fOl'rllalin pigment using alcoholic picric (lcid can be used prior to 

illcubation with the primary antibody. However, even when applied for only 10 minutes with thorough subsequent 

washing, this may be detrirnental to rhe lH procecillre. Again, if H:oO'j pre-treatment do..::s not effectively remove 

mercuric chloride, use ofalcoholic iodine for 5 minutes followed by decolourisation with 5% sodium thiosulphate can be 

used. Removal of melanin pigment can be rnore pmblernaric. Bleaching rneJanin in 0.25% potassium penT'Ianganate for 

5 nJ.lnutes and decolourisalion wlth 2% oxalic acid call cause loss of antigenicity. n If use of (his method is necessary, (l 

known control should be treated similarly to ascertain the effect on antigenicity; 

(7) Use o/detergents: Access of antibodies to antigens has been improved by the use of detergents mixed with 

buffers and ill the antibody diluent solutions. :')') Det::-.rger:ts 81so reduce antibody binding to serum proteins present in 

tissue sections: I ~') 

(8) S'edion quality: Thin sections (4rT'Ip) t(lken from srT'Iall, well-fixed tissue blocks consistently give better 

results. I~" Small sections allow use of less reagent while the risk of drying of the section or part of it dllring incubation 

is reduced. Smaller sections are rnore economic because less antiserum is required; 

(9) Repelilion ol/abe//mg layers: fmprovemelll of the sLaining intensity can be adlieved by repeating either of 

the antibody incubation steps. 15') This entails perfonnillg the usual incubation step, careful w(lshing with buffer and then 

rereating the incubation with fresh antiserum. The primary or the secondary or both of the antibody incubation steps can 

be rereatcd. Repetition of the primary incubation witb fresh primary (lntibody can enha[Jce detection of the Earget 

ant;gcn while repetition with (he secondary antibody ellhances labelling of the target Ag-Ab compJex. A variation of this 

rneasure !S to use two dlfferent labelling systems to detect the lMget Ag-Ab cmnplex. 

Trouble shooting 

As the understanding of immunologic mechanisms hel.S advanced. lH methods have markedJy improv::-_d. Advice from 

m,mufacturers is freely and readily available. The diHiculttes most likely to be encountered are poor morphology, weak 

or no staining or nonspecific heavy bJckground sfZlllling. 
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(I) Background staining. Background staining is difficult to prevent unless the step at which it arises can be 

identified. Poor tissue fixation or preparation should be excluded before embarking on tests to eliminate the cause. 

Serial sections can be taken through the steps of the procedure, with each step being excluded one at a time: 159 

Slide # 1 2 3 4 5 6 7 8 
Blocking serum + 0 + + + + 0 + 
Primary antibody + + 0 + + + 0 0 
Secondary antibody + + 0 + + 0 0 
Tertiary reagent + + + + 0 + 0 1+ 
Substrate + + + + + 0 + + 

A useful list of potential problems and their possible causes is included in the description by Heryet and Garter; 159 

(2) "Negative" results: Careful assessment of negative results is as necessary as ascertain the validity of a 

positive result. If control sections do not stain appropriately, it should be established that the fixation and processing of 

the tissue has been appropriate. Next, the proteolytic digestion should be investigated, ensuring that the enzyme applied 

was appropriate and active and the reaction conditions were correctly maintained. The third step is to check the primary 

and secondary antibodies. Storage conditions and the date of expiry of the reagents should be investigated. The 

antibody can be tested on new control f!"Ozen sections fixed in acetone, and then on new control tissue properly formalin­

fixed to establish the reaction occurs when the target antigen is present. 159 

If control sections stain appropriately but test sections are negative, several possible causes may require investigation: 

(a) Absence of the target antigen in the test section should be considered; 

(b) The target antigen is present in levels too low for detection. Routine use of the most sensitive methodology 

available should be routine. However, incubations at 37°C (or even higher), prolonged incubation, or double incubations 

can be considered (vide supra). Innovative or alternative methods for antigen retrieval may prove useful; 159 

(c) Differences in fixation of control tissues and test tissues may explain the problem. Use of different types of 

tissue and different fixation regimes to prepare a range of control tissue blocks has been recommended. 159 This allows 

use of appropriate control tissue types when known alternative fixation protocols have been used (for example B5 

fixation for lymph node specimens). Establishing the source of formalin used for a troublesome specimen may resolve a 

problem. Standard fresh, buffered formalin fixative should be lIsed for all specimens (own observation). 

A pertinent and useful observation is that most problems in IH are due to operator error. 159 Complete familiarization 

with the IH method is essential and dedicated, meticulous attention to details of the staining protocol is key to successful 

I H. Validation procedures and evaluation of the I imitations of new commercial products is advised before embarking on 

testing with newly available antibodies. "If literature indicates that the antibody is only applicable to frozen 

sections, one should not be too surprised if it does not work satisfactorily on fixed, paraffin-processed 

sections." 159 
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4AA DETECTION OF CHLAMYDIAL DEOXYRI BONUCLElC ACID (DNA) 

Detection of Chlarnyolal deoxyribonucleic acid (DNA) Inay be achieved the specific anncJling of a specially selected 

flucleic acid probe (0 a complimentary sequence of species specific Chlamydial DNA (larger DNA). l'hc hybridization 

of probe to ti1rget DNA is extremely specific if the conditions in which the reaction OccurS are stringently set. The 

hybridization may be achieved both in solution <lnd in hisjologic tissue sections (DNA in "Uu hybridizi1rion). 

Amplification of the arnollnt of annealed product by lise of (1 ch8in reaction procedure (peR or LCR) can considerably 

enhance the sensitivity of the DNA detection. peR is more cOITII'":lonly performed in solution lIsing ON/, extracted from 

(j tissue specimen, but can also be applied to tissue in situ. In borh techniques, detection of the anne81ed end product 

requires (! visualization procedure. 

Since DNA in situ hybridization and polymerase chain reaction techniques for tissue were selected as the tools to 

investig<'1te the hypothesis in this study, literature describing these methods has been reviewcd in depth. 

4.4.4. I DNA HYBRIDIZATION \ISII'IG CmVIc\1 M"CI'S & BR':SHINGS 

Methodology 

In the USA, the first cornmercially licensed DNA probe for Chlamydia trachoma/is was markGtcd (lS the "PACE 2 lcd~Y" 

rGen-Probel and is the most commonly userl pro he in lhat country_! The DNA probe detects a species-spccific sequence 

of Chlamydia! ) 6S rRNA and employs i:l chemilliminescent detection sys[em. The DNA-rRNA hybrid is ahsorbed on lo 

a n18gnetic bead 8nd the chemiluminescence's is measured by a luminometer. A "grey zone" reading on [he 

lurninorneter is defined as ZI result falling between 0,6 and 1.0 times the cur off factor, Results falling within this zone 

are cquivocZlI and a further confirmacory test is necessary A confirmat.ion assay has known as the Probe Competition 

Ass?y has been developed. This confirmatory test lS bnsed on probe competition for the Srlme l'uget sequence, similclr in 

principle to rhe blocking antibody tests used in ELlS;-\ testing. A more ideal test would be a confirm8t~oll test usillg an 

alternative target sequence 

Specificity and sensitivity 

l'he specificity of the PACE 2 Test® is relatively high (98 or 99%).1:·200-201 Since actively dividing Chiurnydiae contaifl 

up to 104 copies of 16S rR~A, the PACE 2 system should be more sensitive than antigen derection systems. Indeed, 

using purified chlamydia] organisms, Ihe PACE 2 test") is reported to be I log unit nlores sensitive rhan ELISA methods 

and theoretically able to detect JO.l Chlamydia! elemenral bodies.: Compared with DNA amplification methods, the 

[)j\CL:2 Dt\A probe IS less sensitive (between 77 and 93%).1.~ .. 203 Tesllng of urethral specimens from male patlclHs was 

more sensttive jf rigid sW8bs were used and half of the recolilmended transport medium was llsed.:!o-I Ulood 

contamination can cause false posltlve results becJLlse red blood cells i:luto-fluoresce III the IUl11ll1ometer. C(lfe in 

rnterpreting test results from hloodsrained specimens is necessary. I 

Advallta~cs of PACE 2 test® 

The PACE 2 [est® has been designed to simultaneously detect DNA frorn /\/elsseria gonorrhoea. USlng the same swab 

In tile clinical sening. this sing\e test offers differenrimion between [he two most common pathogens causing sexllaHy 
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transmitted disease (STO). In common with all non~cu!lme methods of laboratory diagnosis, the PACE 2 tcst@ does not 

depend on main1emmce of the cold chain and specimens may be stored. rhe total processing time is short (2 to 3 hours), 

technical expertise is sirniJar to that for ELISA tests, and an automated system is availabJe from the 

manufacturer. 

of PACE 2 

PACE 2® is less sensitive than DNA amplification rnethods. 1 In this regard, the CDC recommends that posit.ive PACE 

2® tests in a low prevalence setting should be confirmed by another method. S9 The confinnarion of results in the "grey 

zone" adds to the expense of this test. 

Comhined PACE 2 tesl® 

The combined variant of the PACE 2 test® uses combined probes for Chlamydia lrachornalis and Neisseria gO!1orrhoeae 

for simultaneous testing on one specimen, If positive, the test indicates the presence of either or both of the two 

organisms and further testing is necessary. Evaluation of the test in a high prevalence population showed a sensjtiv~ty of 

89%) compared with culture, and a sensitivity of> 9.')%.1 

4.4.4,2 DNA IN SITU HYBRIDIZATION 205 

Introduction 

In siw hybridization, fIrst described in 1969, enables rhe detection and precise location in fixed tissue of specific UNA or 

ribonucleic acid (RNA) sequences.206 A specific laheled nucleic acid probe anneals with the target nucleic acid and is 

retained in situ. The position in the tissue of the labeled probe is subsequently visualised. This technique can locate 

DNA sequences on chromosomes, detect cellular Rr-.:A and demonstrate the presence of, precisely identify and 

morphologically locate micro-organisms or viruses present in the tissue. 

Perhaps the greatest value of DNA in situ hyhrklization is the relative inertness of the DNA molecu Ie, At temperatures 

below 64°C, aldehyde fixatives do not affect cellular Dl'iA.2onoB Rl'iA is more reactive) and is affected at temperHtures 

as low as 45°C, The relative inertness of DNA is due to the presence of hydrogen bonds between the purine and 

pyrimidine base paw;, These bonds are broken (l[ high temperatures making the bases available to react with 

aldehydes. 20
,) The non-reactivity of DNA allows successful DNA in situ hybridization with tissues fixed with 

formaldehyde. 210 

Another very important value of in situ hybridization is its ability to locate the target at its rnorphologic location in the 

tissue. The demonstration of a specific target tn its specific location renders the test highly specific, elegant and 

valuable. "The specificity and the sensitivity obtained is so high that reduced numbers of tests yield significant 

results without resorting to fastidious statistical analysis,"" I 

The technique requires both well-preserved morphology and biochemical conditions that favour specitic hybridization. 

However, optimal hybridization conditions arc usually detrimental w preservation of tissue morphology. Successful in 
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situ hybridization technique therefore represents a compromise. On lhe one hand. it is necessary to preserve the tissue 

morphology and the integrity of target sequences whilst on the other, to provide conditions that allow maximal 

accessibility of the probe to target:: I
:? further, it is l1L:cessary to maintain stringent blochernical condilions LO ensure 

specificity of the- probeMtarget complex. 

Since this method '.vas selected for the pllrposes of [:le study, detailed review of the method follows. 

Methodology 

There are certain condttions critical to successful in sifu hybridization.:W5 These include the following: 

(a) the Larget Df\i;\ or RNA is retained in shu during and after fixation of the tissue; 

(b) the target Df\i;\ or RNA is not degraded by llllcleases prior to fixation of tile tissue; 

(c) access of the probe is not hindered by the complex nwtrix of the tissue; 

(d) thc stability of the hybrid within the lisslle is retained. 

Fac~ors affeCling these conditions are largely unknown, and the techniques used to achieve successful in situ 

hybridization are in parL empirical. 205 The methods lIsed for in situ hybridization depend on the nature or rhe tissue, the 

nature of the trtrget D~;\ or R~;\ and 00 which of tile follov.'ing matters arc of priority: 

(I) Sensitivity: the specrfJcity depends on the accessihility of the tat"get, the method by which the probe is 

labeled, the merhod llsed to detect the annertJed end-product, the length of the probe, whether [he targe[ is RNA or single 

stranded DNA or double stranded O:-JA. Sensitiviry may be limited by non-specific background staining. The 

abundance of target may allow reduced sensitivity or d icrme a need for maximal sensitivity; :()~ 

(2) Reso/wion: lhe slgnal generated by the dClt:ction system may vary from a sub-cellular level to a p[!rticle size 

greater than a cell diameter. The method of probe labeling and detec!ion are largeJy dictaLCd by this consider3lioo; 2()5 

(J) Specificity: the specificity of signal for rnrget depends upon the stringency of the conditions during washing 

(vide infra), and upon the presence or absence in the tissue of non-target sequences similar to target sequences. Non­

specific signal can originate from a variety of sources. The setting of precise stringency conditions and use of controls to 

differentiate non-specdk signal is essential;220 

(4) Convenience use of various labels (\nd probes differs and selection of these is largely dictated by [he 

sophisticatlOn and expertise of the l.aboratory; 205 

(5) Safety: a consideration reg,mling use of r()dio~(jctive probes and of carcinogenic chemicals is safety, 

particularly in laboratories with large volumes of work; 2,):-. 
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(6) Simu/laneous delee/ian: two or rnore targets can be detected tn the tissue or cell, but depends on appropriate 

choice of reagents. Hybridizatlor: of target with probe labeled by differem rnethods, or combination of the in silu 

lechnique v'llrh irnrnuno-histochemistry is ?ossible; :9:;.196 

(7) Three dimensional (UIongement: the spatial pattern of target can he dernonstrated, part~cultlrly in ernbryos or 

whole mounts ofsm(l:1 organisrns.2
\j Serial sections may assist such swdies. 20S 

Selection and preparation of probe 

Probes rnay be RNA Or uNA, singJe or doubte stranded, and fTlfly be labeled by various mclhods. further, several 

methods of probe synlhesis may be used. The length of the probe to be used is an important consideration and is 

determined by the method of;xobc synthesis. 

Four types of probe may be used for in situ hybridization lechniques: 

(I) Double-stranded DNA probes: theses arc less sensitive than others but are sufficient for many purposes and 

2.rc widc:y used. They may be prepared by nick-translJlion, random priming or peR, using labeled nuc]cotidcs;2\ 1.:212 

(2) Single-stranded DNA probes: these 3re more sensitive than double-str<mded probes, especially jf long. They 

can be prepared by extension on sing:e-stranded tem~lates, but a purification step to remove the template is necessary.205 

peR rnay also be used to prepare these probes21J and this mcthod has the advantage of being possible ,;vith srnal! starting 

amounts. peR is also flexible and allows the manufacturc of a wide choice of probes by careful selection of appropriate 

pnmers; 

(3) Oligonucleotide probes' uSln!!y between 20 (lnd 10 base pairs in length, are designed and synthesized once 

the target sequence has been delermined?~ The labd may be incorporated durir:g synthesis or by adding a "tail" of 

labeled nucleotides,214,2d These probes are less sensitive because their length is restricted by the synthetic procedure. 

The sensltivi{y of hybridiz2l1ion tests using oligonucleotides c[ln be increased by the use cf several probes that are 

complimentary to differenl regions in the targel.?O) 

(4) Sing/<>stranded HNA probes: these are prcduced by using pmif,ed ]{\/A polymerase tc transcribe sequences 

downstream of a rartlcular polymerase initiation sitC.215.216 The sequence is usually cloned into (1 pl~smid veetor with 

two different R"JA polymcrase iniliation sites flanking it, one on either side. Thus sense-strand or ami-sense probe-R).IA 

can be synthesized. Background staining may occur in the lluorescem electrophoresis gel, due to transcription of 

plasmid sequences. To prevent plasmid seque:lces from being transcribed, [I rcstriction enzyme is used to linearize the 

plasmid. 
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The rype of probe to be used depends on the expenise of the Iabor3tory, and the reqllirements of" the proc;:::dure. 

Oligonucleotide probes are rnost easily synthesized as cloning techniques are no! neCeSS(lfy?05 If long probes 3re 

required, PCR-ampJific(lLion of cloned or genomic DNA is necessary, Single stranded probes are more cornmonly llsed 

because of the ease of synthesis. 

Length of Probe 

The length of probe affects the sensitivity and the spccit1city of the procedure. Longer probes are morc specific, bur 

longer probes yield weaker signal, probabJy because rhey penetrate less effectively imo cross-linked (fIxed) tisslle.10~ 

Penetration of tissues by longer probes IS affected by rhe nature of the tissue, the method of fix<ltion <md whether pre­

rreatment of rhe tissue with protcases is used. The oplimum lengrh for good, specific sensitivity is between 50 and 150 

b?lse-pairs. As indicated, the length of the probe can be pre-derermined in rhe symheric process or regllJ?lted by 

subsequent partIal cleav<lge. Probe length should be checked before use stnce short probes may result In low slgntll (lod 

lor high background (non-specifIc) staining, 

Lnbeiing of Probe 

Probes may be label.led with ri:ldioi:lctive labels, with hapten labels or with hapren-metal complexes. The choice of probe 

label dictates the sensitivity and the resolution of signal. 

."lSS_labelled probes offer the most sensitive detection system for in silu hybridiZRtion. Tests using radioActive-labelled 

DNA hybridization probes generally require ten thousand copies of the target DNA sequence for detection.?17 If single 

ce~l, or sub-cellular detailed resolulion is necessary, or safety and convenience are considerations, use of hapten labels is 

preferable. 

(1) Radioactive labels: these Jre delected by ,lLItoradiography" Severa! different isotopes hJve been used.10~ The 

isotope used affects the resolution of the signa!, the speed of obtaining the autoradiograph, and the stability of the probe: 

(a) 3H-labelled probes allow sub-cellular resolution of the signal, but require (tutoradiograph exposure periods of 

several weeks. J H has a half life of]2 years which means probes can be stored t'or use over several years~ 

(b) J5S-iobelJ(?dprobes yield resolution ofwholc cells nnd allow rapid results requiring shorter exposure periods. 

(c) 

Oxidation of the is prevented by the t1ddil'ion of reducing agents to the probe. The half-de of 3:lS is 87 

days> so that probes must be used within one rnonth of preparmion. Probes lahelled with 

nlOre sensirive than those labelled with JH:~I(, 

3re up toSO-fold 

jJ P-/abel/(?(-t probes provide less resolution lhan -·5S. is a poor agent for autoradiography and has a half-

Ii fe of only 14 dnys so that probes must be lIsed within one week of preparation. {)slng special film ([(odak 

NTB-2® emulsion), -'1P can produce cfficienl autoradiographs. The IJ-particles emitted by 32 p produce a wide 

"spray" effect and Ihis isotope is used where rll<:lcroscopic resolution is required. 

It is possible to quantitate autoradiographic results obtained with radioactive probes. The intensity of auto radiographic 

signal is compared with control autoradiographs made llsing known dilutions of target cells prepared fi"om rat brain 

C'br<ltn paste,,).214 
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Frozen tissue sections offer the of the absence of of tissue molecu les found in fixed tissue. 

work with un-fixed tissue is limited loss of detail caused the formation of water 

cellular of frozen tissue is and 

the tissue may occur In stored frozen tissue. There is a further risk of 

molecules before is effected. Frozen sections may be fixed after 

of in material to be stored. f)ifferent fixation 

can be to serial frozen sections. medium used the 

be washed away to prevent excessive stain 18 

Fixation for in situ is best ach ieved fixation 

or 

of target 

fixation and 

ization and immuno­

of frozen tissue must 

This process promotes cross of tissue molecules and retains structure DNA and RNA 

molecules. Fixation preserves of the tissue but restricts the to target molecules in the tissue. 

For successfu I in situ must be found between the fixation process necessary for 

and used to facilitate access of Fixation alcohol or acetone causes of 

tissue and is less restrictive to the access of but loss of small nucleic acid may occur, and 

of is 

RNA is most sensitive to denaturation and best RNA is achieved use of 1% 

or I For RNA work, tissue should cooled as soon as 

between 0 and 4° C to inhibit ribonucleases 216 

For in situ the duration of fixation varies with the nature and size of tissue 

cells and cell cultures occurs in 20 minutes. Tissue up to I mm thick 

to tern peratures 
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2 hours to fix whi Ie 
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205 Selection of ideal fixation conditions is not when archival tissue is to be used. In this lation 
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l'he secrions rnay be rnounted js a small rectangular wei! formed by a thin Teflon® coat on special glass slides [C A 

Hendley PH lOGl. Tile well serves to contain and localise tile reagenrs used during the hybridization procedure, thereby 

minir-nizing the vo!urnes of reagent required. Alternatively, a similar dfec! can be !Jchieved by constructing a small 

trough around the section using hydrophobic wax dispensed from a special pen (Pap Pen®, Japan]. If a wax trough is (Q 

be used, it must be constructed after the tissue sections !lave been de-waxed. 

Standard paraffin wax used for histology is washed OUI of the tissue prior 10 hybridizrJtion. It allows cutting of sections 

as thin as I ~ml. Since there is likely TO be less target DNA in thjnner sections, jt is usual to usc sec lions as thick as G or 

g ~Im for hybridization rechniques. Thicker sections illlow less probe accessibility and are more likely to wash off the 

glass slide during the hybridization procedure. Resolution of lissue morphology and precise location of (h~ target-prob~ 

complex is progrcssively compromised ttl (hick (more rhan 5 flm) and very thick (more than to )1m) sections. 

In situ hybridization on ultra thin sections (100 to 200 nm) for electron microscopy requires embedding in plastic rnatrix. 

l'he plastic cannot be washed out of the tissue and so irnpedes access of the probe to target. The thinness of the section 

so reduces the amount of target that only high abundance DNA or RNA can be detected. 211 

$11 bbillg or slides 

"Subbing" (sub /.,ofin IJndi:;r or dose to, denofing .wj!jJort)11 , is a technique of coating gl?lsS slides wirh an adhe~ive 

substance prior to rnounting the tissue section on th:.: slide. Sections, especially thick sections (rnore than 5 11m), are 

liable to wash off the glass slides during the harsh conditions applied in hybridization procedures. particularly the soapy 

high pH \.\rashing steps.ro') Various subbing agents are used to prevent sections frorn washing off and/or disintegration of 

the tissue section. Subbing agents comrnonJy used include gelatine,ll") polylisine,:1J or 3-

aminopropyllriethyloxysilane2lS.222 ("organosilane"). Sections placed on subbed slides Inay also be incubaled for 2il to if8 

hours at 60°C to rnaxirnize adhesion of the sections .~1~,21() 

Pn:- t r(':1! In ('11 t of specimens 

Pre-treatment procedures arc used to Increase the efficiency of the hybridization process <:lnd to reduce non~speciftc 

background slaining. Sections of wax-embedded (issue are de-waxed using an organic solvent, commonly xylol. Pre­

healing the sections to 7SoC for [S minllks prior to submersion in xylol is said to improve results. no Xylol residue~ are 

removed by washing with JOO % ethyl i:llcohol, and hydrated using "graded" alcohol/water mixtures frorn 100'Yo ethanol, 

through 90(Vo, and 70 % dhanol before washing in distilled water Pigmem granules in tissue may obscure signal from 

the target-probe-indicator cornplex and are bleached
1

::'

, 

i~- possible. Various standard bistologic techniques are available 

for removal ofpigmems (eg, rnelanin).")S 

Pre~dig(:slion of the tissue section is perfonned to increase lhe accessibility of the target, espeCially if the probe is nlOre 

rhan 100 base pairs in length. Techniques lIsing oligonucleotide probes frequently do not require pre-digestion. 2H 

Proteinase K and Pronase are the most comrnonly lIsed enzymes. The concentration of the proteinase enzyme and the 
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rlurar.:ion of digestion may be varied to optimiz.e pre-digestion of the particular tissue for each panicular m sifu 

tecllniqllt:.21~ rost-digestion fixation to prevent total disintegration of the tissue during the hybridization process is 

regarded as essential by some authors. 105,2:3 A further step to improve permeability to probe is incubation in diluLC He!. 

This mild Jcid hydrolysis is thought to render highly cross-linked acidic nuclear proteins rnore soluble, enabling easier 

,1Ccess of probe. }IS Incubation with detergent solutioll )S also helpful In rendering cell membranes more pcrmeHb:e.2:15 

fllcubmion in acetic acid after the pre-digestion step removes endogenous alkaline phosphatase. essential if the target­

probe signal is generated by an alkaline phosphatase-cma.lysed procedure.20
::' 

An optional slep to reduce bnckground signal is to wash with acetic anbydridc.:::o: This procedure may reduce 

background stainillg due to binding of probe to posit:ve:y charged amino-groups. Pre-hybridization incubation of large 

sectlOns in hybridization solution without probe may assisT dispersion of the probe \vhen it is subsequently applied. 

Howevcr, in small sec[ions rhis step may only serve to dilute the small amount of probe used, causing weak signal. 

Indeed, some workers clchydrate tht: section;:; prior to adding the probe so that the sections soak up thc probe 

efflciently.·;()~ A sirnllar effect can be achicved in n·Olen sections or cell smears by pre-incubation in glycerol. Enhanced 

hyhridizntion occurs, presumably becEluse the glycerOl excludes water from the cells allowing r'-lpid access of the probe 

to the cells.~(~ 

An essenlial measure is to prevent degradation of larget ntlcleic acids during the pre-hybfldizmion steps. Aldehyde 

fixiltion of the tissue effectively inhibits nuclease activity. However, if RNA in unfixed tissue is the tnrget, ribonucle<:lse­

free conditions must be used. 216 Water must be double de-ionized, eharco<:ll filtered, <:lnd also filtered through a 0.45 ,urn 

rnlilipore filter. (]Jassware must be baked to destroy RNase and disposable plastic micl"ofuge tubes must be used. [)le­

hybridization solutions must be amine-free and treated with diethylpyrocarbonate (OPEC) to destroy RNase. Subsequent 

10 the pre-hybridization steps, the conditions prevailing during rhe in sifu techniques are such that RNase ~s deactivated 

(proteinase K, acetic anhydride and high (O.5M) salt concentrations all inhibit RNase activity). 

Pre-hybridization DNA denaturation 

To allow [he probe access to, (lnd anneal with targe: Ol\A, double stranded target O'\lA (and double stranded probe) is 

heal den<1lur!.:d at 90 to 95 uC for JO minutes to split the double strands loto t\.',.'o single strands,10G.:t18 ·This incubation can 

be performed on a good quality hot plflte that provide" stable therrnostatically controlled temperatures) or on a hot tray 

placed in f"! thermosrarically controlled oven. The temperofure and duration of th is step 1S critical if morphology is to he 

preserved?l!'! 

Hybrid iZH lion 

Hybridization must be performed under optimal condi~iolls to allow specific anne<:lling of probe sequences to 

homo~ogous complimentary target sequences in the tissue Subsequent washing removes nOll-specifically Jound probe 

thelt causes non-sp!.:cific background staining. ")If! Background staining is the limiting factor reducing sensitivity and 
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spec iflcity 0 f ("he procedure. The stringenc), 0 f the cand ItlOIlS prevail Lng d U ftng the hybrid !2atlOn step and the subsequent 

washing are critical to successful in situ hybridization. 

Oplirnizing condnions for in situ hybridization has been a largely empirical process.:1.05 However, rests ro oprimize the 

procedure CZln be performed and are based on facrors known [0 affect the stability ofhybrlds and on factors affecting rhe 

kinetics of bybridization,227 Hybridization times Il1Cl)' vary from minutes to up to 40 hOUfS.
1J2 Inclusion of Dextran 

sulphate polymer of molecular weight greater than 8000 increases the concentration of probe by molecu Jar exclusion and 

is \-videly used. 220 Addition of unlabelled DNA (hulY'.;·m DNA for viral probes, salmon sperm DNA for human genomic 

probes) may be necessary to bind un-hybridized probe and reduce non-specific staining.I}~ Various other 

macromolecules may be used from time to time to red~lce background stailling (eg. Polyvinylpyrollidine).los 

(I) Stability of hybrids: hybrid stability is affected by various factors,205 RNA-RNA hybrids are most stable, 

RNA-DNA hybrids of intermediate stability and DNA-D'JA hybrids least stable. The melting temperature (T,.,) or 

hybrids depends on the length of the probe, ionger probes forming more stable hybrids. The base-pair cOlTlposition of the 

probe affects Tl'1' with higher melting temperatures occurring with higher concentralions ofCjuanine-Cytosine (Ge) b(lse 

pairs. Probe-target homology affects Tin, with the most stable hybrids occurring with exact hornology. This effect is 

greater with short probes, The stability of hybrids is increased in high concenrrarions of monovalent cZltions (eg 1\ a" 

sodiurn ions), ForlTIamide de-stabilizes hybrids by reducing Til" the meiting point of 01\A-O;-..JA hybrids being affected 

more than for RJ\lA-RNA hybrids. Inclusion of formam ide in the post-hybridization wash renders non-hornologous 

(non-specific) hybrids unswble at lower temperatures and thereby improves the srringency of the system. Hybrids are 

less stable in tissue sections, presumably because rJ",e probe is prevented from annealing along its full lengrh by the 

three····dimensional shape of the cross-linked target. The Tin for RNA-RNA hybrids may be as rlluch as 5'-' C lower in 

fissue sections than in solution. Several empirical I(mnulas have been derived to assist predict the Till of hybrids. 12
.
1
.
22

) 

Por example, for ONA probes longer than 22 base pai:·s. the Ton of a homologous hybrid in solution is predicted by: 

Tu -' 1':1.5 -- 16.6 log (molarlty monovalent cations) " :) -I' (};'Gc) ':::;00 (number probe base pairs) .. 0.62 (% formam ide). 

For oligonucleotide DNA probes between II and 22 base pairs, the Tm of a homologous hybrid in solution is predicu~d 

by 

4 (number of GC residues) + 2 (number of AT residues) 

The kinetics afhybridization: hybridizarion kinetics is less well understood, especinlly since the main facror is 

the accessibility of the t(lrgcL This depends on the extellt of cross linkage in the [issue. Cross-links in the tissue depend 

on the nature of the tissue, the fixative used, the duration of the fixation, the degree of pre-digesiion and lhe ex[ent of 

post-digestion re-fixation. Other factors related to the accessibility of probe are the size of the probe and the 
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concentrmion of the probe. 205 If the stringency of condi.tions during hybridization are high, time taken for hybrid 

tcmnation is tanger, and the stringency of the subsequent wash may be reduced.;/'ij 

Post-hybridization w;:lshing 

The post-hybridization \vJshing step serves to remove probe thm has not anneJled to the intended target. Generally 

neutral saline citrmt ac high concentration is lIsed.'.'o A further requirement at this stage is to impose stringency 

conditions rhat de-stahillzc and break non-specific probe-nucleic acid sequences (non~homologous binding of probe) 

The higher the stringency of these conditions is, lhe !nore specific the result of the hybridization will be, It is critical (hat 

only the non-specifically bound probe is removed. The pose-hybridization wash is usually performed at temperal1Jres a 

few degrees belo\v Tm of the target-probe complex so that only targel remains annealed to probe. 205 

For RNA probes, excess free probe is digested by ribonuclease, leaving only doubte stranded hybrids in tact. The 

presence of inhibitors of ribonuclease. for example fO!'ll1{Jmide or reducing substances must be removed. 

Demonstration of hybrids205 

The demonstration of hybrids is the last step of the in situ hybridization technique. 

(I) Radioactively labeLled probes: for convenience. r8dioactive labelling of hybrids is usually performed with 

15S. The labelled hybrid can be exposed to X-ray liim over nighl for a low-resolution, rapid result when optitYliz.ing 

conditions or trouble-shooting.·w:) Better resolution is obtained by dippmg the slides in liquid nuclear track emulsion:!?0 

and drying ["hem slowly to avoid background staining. Sillce Juto-radiography is more efficient at low temperature, the 

slide is exposed at 4G C and developed, Coarse grades of liquid emulsion are more sensitive but resolution is lower. 

Agaln, thicker emulsion is more sensitive but y~elds lower resolution. Emulsion is sensitive to mechi"lnical s[ress and to 

background radiatioll, both of whicll can cause high background of silver grains, Over exposure le.f'lds to a reduced 

signal-to-noise ra.tio so exposure time musr be optilJiized, Developing the film at higher temperature, or \vith more 

Dgit8tion, or for longer time deyelops larger silver grains, but reduces resolution. After developing the emulsion for the 

silver granules, cells nuclei are stained and the section is rnounted under a coverslip. Stains include toluidine blue for 

conventional light microscopy and propidium lodide for fluorescence microscopy, Bright-field illumination )S sufficient 

to visualize high-density silver grains, Dark-field illumination is mOre sensitive a.r:d visualizes smaller silver grains. 

Eripo arization allo\vs resolution of rhe tissue in the dark-field, or dual-exposure photogmphy can be used 10 

superimpose the location of silver grains in the tissue, 

( 0' ~) floplen-Iabelled probes: hapten label systems using a stable enzyme) such as alkaline phosphatase or 0-

gn]iJctosidDse, the reaction generating insoluble coloured precipitlLe may be carded out for several d,lyS to achieve high 

Hmplification of signaJ. 205 Non-speciflc background staining is however, a limltlng factor. Although theoretically 

possihle, simultaneous in situ hybridization for hvo tdrgets using different hapten-labelling systems haS not been 

described to date.?(l\ 



Univ
ers

ity
 of

 C
ap

e T
ow

n

53 

Artifacts and controls in DNA in situ hybridization 

The interpretation of results obtained is only as good as the controls used. No single control is best for in silu 

experiments and it is preferable to lise as many as possibJe.214 Both positive and negative controls are necessary. 

Positive conrrols include hybridization controls and known positive cases. Hybridization controls ("housekeeping'; 

controls) are essential because they indicate whether or not suitable conditions for hybridization have occurred during the 

procedure. 2I
B. A tol('ll DNA probe that should hybridize every nucleus in the section may be used to indicate that the 

procedure has worked. A section from a known positive case will indicate whether the probe system for the particular 

target has worked. Further, the potential for signal to occur because of non-specific hybridization of probe to non-target 

("cross-hybridization") makes use of this known positive control essential.20s
. 218 Levels of background due to "cross 

hybridization" in test cases can be compared with sections from a particular, good quality known positive tissue block. 

Negative controls may include a known good quality negative case. This is used as <1 further indicator of the process 

itself, and to compare the level of "cross-hybridization" background due to non-specific effects inherent to the particular 

merhod. lls Negative controls can be used to test each step of the proccdure.227 A useful negative control step to test the 

specificity of the system is to digest the target with DNAse or RNAse. 

A problem that is more difficult to solve is the distinction of tow-level expression of target from non-specific 

background. Each different probe binds non-specifically to a different extent making assessment of low-level expression 

even more diffJcult.205 This can be solved by inclusion of a control in which a ten-fold excess of unlabelled nucleic acid 

identical to the probe is present during the hybridization. The unlabelled nucleic acid effectively competes with the 

probe for specific binding sites, removing the low-level specific signal, but not altering the background signaL:?o5 By 

comparing this control with the test, the presence or absence of low-level signal becomes assessable. This technique 

does not find favour with some workers. 2
)4 

One artifact specific for radioactive probes is background staining over the entire slide, not only that part of it covered by 

the tissue section. This phenomenon is due to mistre£.ltment of the emulsion. Deposition of silver grains in the emulsion 

may be due to exposure during storage to radiation, to mechanical stress of the emulsion in storage, or to rapid drying of 

[he emulsion. 205 Another specific artifact is background staining that occurs at the edges of the tissue due to mechanical 

stress to the emulsion during drying of the emulsion. By allowing the emulsion to dry slowly, this problem may be 

reduced. Spurious destruction of silver grains may occur if moisture is present, particularly during staining of the nuclei, 

f ,.. 214 
or a ter cover s lppmg. 

Background staining over the entire tissue section is usually due to non-specific binding of the probe?05 The size of the 

probe, the concentr£.ltion of the probe used and/or the stringency of hybridization and washing may be altered to 

overcome this problem. Certain probe sequences give higher background signal and use of a probe from a different 

region of the target gene may be necessary. Some tissues seem to be more "sticky" than others: use ora different probe 
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sequence Of adjusting the hybridization or washing conditions may resolve the probiem. Background st.aining in 

lechtlfques using RNA probes may occur tfthe post-hybridization ribonuclease treatment is nOl effective. 

Background staining specific for hapten-labelled prohes may he due to endogenous hapten or endogenous enzymes in the 

tissue section. J\ non-hyhridized control section put through the signa! generating steps should reveal artifactual 

signal.214 Endogenous enzymes may be inactivated by pre-treatment with hydrogen peroxide or Jev3l11lsole:?14 or by pre­

treatment at high temperature to inhibit the enzyme.20S "Edge-artifact" at the periphery of tissue sections is a 

phenomenon of hapten-labelled and enzyme immunoMhistochemical techniques and must he taken into account. The 

cause of the edge anifacr is not known. However, in situ hybridization signa! artifact occurs in tissue placed near to the 

edge of the protective coverslip during the hybridization procedure and is due to drying of probe. 205 

Low signal may reflect scant arnounts of target in the tissue, but may also be caused by degradation of target. 

Contamination of pre·hybridization steps by nuclease enzymes must be avoided. Fixation and protease treatr-nents must 

be optimized to preserve target. Low signal levels may also be improved by manipulating the size of tbe probe, the 

concentration of the probe used, and the stringency of the hybridization and washing steps?05 

of DNA in situ hybridization 

Although specificity of the method may approach 100 % when strict stringency is apptied, the sensitivity of this method 

is variable Jnd is in pan dependant on the detection system used,205 Where signal is not amplified, more copies of target 

DNA may be required for resolution of the signal. Tcsts using radioactive-labelled ONA hybridization probes generally 

require ten thousand copies of the target DNA sequence for detection Many clinical specimens containing significant 

numbers of the target sequence (but less than to 000 copies) would be falscly negative using radioactive labelled DNA 

probe methods, On the Olher hand, usc of an enhanced labeling system that produces an easily resolved, bright signal 

improves sensitivity dramatically. Thus, haplen-Iabelled probes uSlng lmmuno-detection systems that amplify the signal 

and are safer and easier fo handle are more widely used. Thc recently developed platinurn-ltnked hapten-labeled DNA 

probes (CLS~ are even tl"lore sensitive, These are said to detect as few as 10 copies per ce11.219,22R However, even using 

a platinum-labelled DNA probe method, specimens containing tess than 10 copies of target ONA would be falsely 

negative, 

4.4.4.3 lJLTRA-SENsmvE DNA IN SITU HYBRlDlZA nON ( KR£ATECH ULS®) 

The Kreatech ULS® D1\A in situ hybridization technique has significantly increased the sensitivlty of DISH: by a factor 

of approximately 3 log (1 000 lirnes),219,223 An affinity between purines and cis-Pt was discovered as a side effect of 

:is-P1 anti-tumour therapy.229 The cis-Pt moleculc fonns a monofunctional covalent bond with purine molecules at the 

N7 position,2JO,2}1 and also binds to pyrimidines with less avidly. The anti-cancer cis-Pr molecule is a Pt [I complex 

stabilized with two covalent arnine ligands bound by strong covalent bonds. The Pt II complex exhibits two free biding 

sites that can CrOSS link DNA strands, preventing DNA replication. In the L:LS method,2J2 the Pt II complex stabilized by 

the chelating diamines is linked by (he third covalent bond to the hapten tl"larker biotin (ULS--BfO). The fourth un-
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occupied binding site readily binds to the N7 on purines in the DNA probe, The platinum moiety serves as a linker 

molecule between the probe and the hapten. 

The binding of ULS® to probe is a one step procedure, does not involve heat labile enzymes, and is caslJy achieved. The 

resulting ULS-SIO® molecule is stable and easily handled in [he laboratory, Optimal binding of ULS~BIO® to probe is 

achieved if probe and ULS~BIO® 3re in a ratio 1: I, In these conditions, a labelling density of I tn 10 bases is achieved. 

This high density labelling of the DNA probe has resulted in a very high sensitivity DISH procedure. n ; The ULS® 

DIS}-j has been used in a variety of settings for the detection of speciflc human genes 2'4.21'i and for Chlamydia 

trachomatis and I lPV in the uterine cervix.228
. ~J6 

Remarks 

The enhanced sensitivity of the comrTlercially available Kreatech ULS® made this test a very attractive op[lon for the 

present lnvestigation, The htgh specificity of DIS11, now combined with a high sensitivity, made an ideal laboratory test 

for investigating the morphology of Chlamydia I infection tn pap smears and tissue sections. 

4.4.4.4 Or-iA DFTECflON AY THE POLYMERASE CHAIN HEACTIO~ 

Introduction 

Detection ofD)JA by PCR was first described in 1985237 and signiflcantly improved by the same workers in 19882
)8 and 

\99].239 PCR is an enzymatic technique for the in vitro amplifIcation of specific DNA sequences. The method can 

ampli fy by a factor of a million or more, a single copy genc sequence occurring only oncc in a genome, The melhod can 

detect (he single sequence from a background of many unrelated sequences using a vanishingly small specimen, such as 

DNA extracted from a tissue biopsy or even a single cell. The elegance of the technique was well demonstrated when 

speciflc gene sequences were amplified from the DNA in a single hair rooL24C The use of this technique and its 

numerous applications has expanded exponentially as a tool in clinical diagnosis and in research. 174
.
2

'7 

The PCR technique vastly ampli Des the number of DNA sequence of interest to easl!y de1ecled amounts. The advantages 

of this application are the very high sensitivity and the relatively shon duration of the assay. 

(I) Sensitivity: The method allows demonstration of' the presence of as few as one copy of target DNA in a 

specimen of tissue containing between one hundred thousand and one million cells. 217 This sensitivily surpasses all other 

molecular detection methods and microbiological culture or serology techniques. ULS® in sifU hybridization is said to be 

sensitive enough to defect J 0 copies of target Ot\"A per cell, whi Ie PCR demonstrates one target sequence per hundred 

thousand cells?l! peR [s between a million and 10 million times mOre sensitive than in situ hybridization. 

(2) Duration of the test: The technique employs repeated cycles during which the temperature is changed, 

typically between 2 and 5 minutes in duration. For most purposes, between 25 and 50 cycles afe sufficient so most 

assays are compkte in a period of2 to 4 hours,2;7 
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(3) Limitafions: The amplification technology detects DNA targets and does not depend on the presence ofviJble 

intact organisms. Thus, peR may detect D[\;A from a non-viable organism(s) in a specimen thaL cou~d not be cultured. 

This fact call explain discrepancy between the results of tests using culture techniques and peR techniques, and ranially 

explains the enhanced sensitivity of peR testing over ClillUre. However, a positive peR test does not necessarily 

indicate the presence of viable organisms iTl the sample 1eskd. Tes[s after cure of Infection by C. trachornafis iTlust Hike 

this inro account A "window" period for culture-negative but peR pOSllivc tests foilowing successful doxycycline 

treatment of Chlamydial infection has been documented and appears to l(lst for about 3 weeks?<1I.'><I? Since the peR 

procedure can detect minute amounts of lJ~A, it is vulnerebJe to contamination by spuriously present lJI\A. The 

laboratory is the most likely SOllrce of such spurious DNA and precautions to prevent contamination are necess3ly. 

The following section of this review conccntratcs 011 the use ofPCR applied to tissue specimens. 

Prinr.ipJes of PCR217
,2<1.' 

The key ro successful PCR W(lS the discovery of (l polymerase enzyme CTaq'· polymerase) [Roclle] in a thermophilic 

bacterium (Thermus aquatiuls). This polymerase retains irs activity at the high temperatures necessary to denature DNA 

and to maintain the split O"i\A in single strands (72c
(,) .. )( 0 Other thermophilic enzymes have since hccn identified. l·U 

The peR method employs the thermophilic DNA polymerase en7.yme to promote replication of n particular sequence of 

target nucleic acid in <'In in vitro system. The selected segment of larget UNA is replicated under thc direction of 

specinlly seleclcd synthetic oligonucleotide primers ("amplimers"). Two primers are prepared, wllh sequences 

cOlnpiirnelltary to the J I end of each strand (the "sellse··' flild the "anti-sense" strands) of targe.t Dj\;A. When the target 

DNA denatured by applying heat, and then cooled, the primers anneal to therr complimentary seqllence on the target 

DNA. The sequences of the primers are selected so lilar overlapping replication occurs, The rrirners anneal at selected 

posttions on the sense and anti-sense tnrget DNA strnnd so that a particular, relatively short segment of target Dj\;A lies 

between therl1. T·his short intervening segment serves os a templale for DNA replication. In the presence of excess 

primer, the cornplimentary target sequences readily Jnncal \vith rile primers. Under the inlluence of the DNA 

polymerase e.nzyrnc, In the presence of nucleotide triphosphate molecules (dl\TPs) and appropriate temperature 

conditions, the intervening segment of DNA is rep icated. The reaction is promoted by sequentiaJly altering the 

temperature of rhe system and is repeated, usually f(x 30 to 50 cycles. 

The technique empioys cycles of hear denaturation of DNA m 95°C, followed by anneJling of the primers to [he target 

nucleic acid sequence ar temperatures between 40 and 60"C, and then enzyrnatic synthesis or "ex(ension" of the lElrget 

DNA sequence at 72"c. 217 Since the primers rem1'lin in excess, each replicated segment of target D:-JA binds with primer 

at the beginning of each new cycle, With each cycfe, the orlginal target sequence and the previollsly replicated 

sequences ("(lmplicons") are replicated again and again. The number of replicated segments is rherefore doubled with 

each cycle, resulting in c.xponential replication of the orig~nal target sequence. 2J7 The chain reaction can pocentjally 

pwduce rnillions of copies of the selected target sequences. The detection of the amplified segment confIrms the 
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presence of lhc specifically targeted DNA sequence, The high numbers of amplicons produced render the technique 

exquisitely sensitive. 

(J) Ivfanua! fechnique: The them1al cycling can be performed using such simple equipment as three water baths 

at three different temperatures. Moving the reaction cups manually through the cycles is time consuming and tedious_ 

(2) First generation thermal cycler: The peR reactlon is rnost comrrlonly achieved by use of a programmable 

computerised machine with a special heating and cooling plate with srnall wells that snuggly accornmodatc the 

Cppendorf" reaction cups [Perkin-Elmer Cetus Instrulnents", Technc" and Koch-light"] 217 The thermal cycle requil"ed 

fo!' each particular reaction is selected and 3utorrlmjcally performed by the machine, The number of cycles, the time and 

the tempermure of each step in the cycle can be specifically programmed, The special heating and cooling bJock moves 

rapidly through the cycle and the snug fit of the Eppendoti'cups ensures rapid temperature changes in the reaction mix. 

The use of such machines has broughl the time necessary for most PCR reactions to 2 or 3 hours.244 

After the amplification cycles, the PCR products are separated from the background on the basis of their mo!ecular 

weight by electrophoresis. 174 )A4 The PCR products are passed through an agarose gcl containing ethidium bromide) a 

fluorescent mutagen which binds to DNA. The producrs are separated into bands according to their molecular weight 

and can he viewed by exposure of the gel to ultra violet light. A mix of Ol\iA fragment~ of known molecular weight is 

used to produce a ladder of bands of known molecular weight against which the size of the of the amplification product 

is compared. A fragment of known target OK'A may also be used as a control to ascertain that the PCR product and the 

control iDlgrme similarly in the agarose geL The amplification of a product of a particular size is usually suffiCient to 

identify the target sequence.174.244 Subsequently) the PCR product can be extracted from the gel and its sequence 

determined directly, confirming the identity of the product and demonstrating its homology with the target 

sequence. 174 )A4 

(3) Second generation iechnology: The second generation technology improves the speed 1:lnd e1:lse of the peR 

and provides real time computerized rnelting curve analysis of the Til! of the ampHcons. The best established known 

second generation PCR machine known as the Light Cycler® rRochel employs much small volumes of reaction rnix 

contained in fine glass capillary tubes with high heat conductivity propenies.24
'\ The tubes containing the reaction mix 

are heated and cooled in a ch1:lmber by circulating hot or cold air. The reagents used in this system 1:lre labelled with tags 

that i1uoresce only once incorporated into double stranded DNA. The computerlsed system measures the reaction 

products during each thermal cycle and if different fluorescent tags are used, can monitor rnore than one reactlon-product 

at a time. The computer monitors the melting point TOIl of the reaction products and can plot th.e concentration of reaction 

products after each cycle. This new generation of PCR cycler offers the advant1:lges of smaller volumes of reaction mix, 

considerably reduced re1:lction times 1:lnd realtime computerised monitoring and an1:llysis of the reaction products.244 The 

analysis of reaction products by Tm aJlows quantitation and precise Identification of different products. This system is 

presently being marketed in an upgraded and improved modeJ, (not consldered third generation) and manufacture of 

fluorescent-labelled primers requires co!l1:lboration with the manufacturer. The equiprnent is expensive but its use 
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appears to be growing rapidly. Several other real-lime I)CR systems have become available subsequently, including one, 

the Smart Cycler® that can rlln different tests for different target sequences concurrently. 

Pactors and conditions affecting peR 

Impottant factors affecting peR include the number of cycles, the time at temperature profiles, and the concentrations of 

the chemical pflrticipants in the re(lction (the "master mix,,).2t7 The mix includes primers, m(lgnesium salts, 

deoxynucleoside Iripll0sphates (dNTPs) and the polymerase enzyme. Reaction mixes are commercially available or may 

be specifically designed or adjusted for a particular purpose. Outside of the research setting, customised design of the 

mIX JS usually not necessary. Routine clinical testing is more convenient using standardised commercirlily available 

tests. 

(I) Selection of Primers: Primers are genemlly 18 to 20 nucleotides long and manufactured using automated 

DNA synthesizers. Very small amounts of primers (0.2 to 1.0 pM) are sufficient for many hundreds of tests. Primers 

(Ire also commercially available from many sources [Dul)ont, Perkin-Elmer Cetus, Roche]. The primer that is selected 

defines the sequence to be amplified and detected. Selection of the primer sequences is a critical factor for successful 

PCR. By altering rhe primer sequences, any number of pathogens or molecular genetic alterations can be detected using 

the same assay method. 

The size of the amplicons is determined by the choice of primers and their precise location along the complimentary 

strands of DNA. In general, a convenient size for synthesis and detection of amplicons is between 100 and 300 

nucleotides. 174.244 Long segment flmplicons take more time to be synthesized and lise more deoxynucleoside 

triphosphates in the mix. For long segment amplicons, the mix must be adjusted and that the part of each cycle in which 

synthesis occurs must be extended, prolonging the overflll reaction lime. The commonly used Taq DNA polymerase 

enzyme replicates between 35 and 100 nucleotides per second.217 The longer the target, the less likely it is that intact 

target sequences will remain to be detected in a tissue specimen that has been preserved ("fixed"). Target sequences of 

1,000 base pairs can be synthesized. 217 

Successful PCR depends on selecdon of a target sequence that is "genetically conserved" between individuals or 

microbiologic organisms (ie. a target sequence that does not vary between individuals). A genetically variable or 

"polymorphous" target sequence may result in f(llse negative PCR results. Mismatches III target sequence (It the 

3' portion of the primer (Ire more critical, hut can be tolerated at the nucleotide triphosphate (dNTP) concentrations 

normally used in the PCR mix.24
5 Once a genetic polymorphism iU1S been detected, usually by rmalysis of many DNA 

isolates, appropriate primers can be designed to avoid [hem. Genetic polymorphism may on the other hand be the t(lrget 

of PCR for rhe diagnosis of somatic germjine mutations (DNA tingerprinting). 

Design of primers to detect micro-organisms should ideally target a species-specific DNA sequence, thereby excluding 

Closely related but different species. A strategy to overcome false negative results due to polymorphism is to employ 
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two sets of primers aimed at separate segments of DNA_ The chance of polymorphism occurring in both target sequences 

in the same organisms lS unlikely. Another use for two sets of primers is to target both species-specific 8nd a type­

specific DNA sequences. 

The use of "nested' primers can improve speclficity and sensitivity, A second peR is performed on the amplicons of a 

first amplification, uSlng prllllcrs speclflc for a second, shorter sequence occurring \vithin the confines of the first 

sequence. However, manipulatlon of peR products froJ11 the first PCR in order to perform 1he second amplification 

increases the chance of contamination so that a second peR should be avoided if possible. 

(2) Number of Cycles: The sensitlvity of peR is in general improved by jncreasing the number or cycles. 

However, tbe concentration of substrate in the mix and the prevalence of the target arc factors lhat litTIit the end point of 

the reaction, Optimal sensitivity cannot be obtained by simply increasing the number of cycles, Most reactions are 

completed \vithin 20 to 50 cycles. 217 

(3) Fidelity of Taq Polymerase DNA polymerase derived from Thermlls aquaticus lacks 3' and 5' proof 

reading activity, An error raie of approximately jill 10000 bases occurs during synthesis of DNA using this enzyme. 

Utller polymerase enzymes possess higher fidelity. However at this level, Taq replication is sufficiently accurare for 

pracrical purposes.]17 The performance ofTaq polymerase from different manufacturers Jrlay vatyl47 

(4) Concentration of target DNA the primer molecules become incorporated in to the ani pi icons and ore 

consumed by each cycle, small quantities of target DNA are preferable. In general 250 ng of target DNA or Jess are best 

suited to the concentrations of primer and substrate in a standanJ PCR mix.?44 

(5) Conlamination by inhihitors of DNA pO/'r'meri.w/lon: The most significant problem with the development of 

ksts fo~· routine lise has been false negative results, These have usually been due to substances in the specimen that 

cause i)1hlbition of the chain reaction. 5
«?J6.2.13 The presence of inhibitors is not predictable and inhibition may be difficult 

to detect but can be suspected if arnplification comrols are used (eg. ~>-globin primers) to prove that tile reacrion is 

working. If the presence of inhibitors is suspected, PCR may be repeated on a diluted specimen. The inhibtring 

substances are thus diluted and their untoward effect obviated. Alternatively, a duplicate specimen may be spiked willi 

known target and i.nhibitlon confirmed. 217 

(6) ContaminaflOn by ulIlpticons: Contamtnmion of specimens or the laboratory surfaces and equipment by 

81T1plicons that are present in huge numbers at [lie end of a cltatn reaction may cause false positive resulls. 

Con tam ination is relatively easily overcome by physical Sepat"81l0n of areas for reagent preparation and DNA product 

tlmplification, In addition, contamin<'![lOn is avoided by use of latex gloves that me worn in each area, and removed prior 

to moving frorn one area to another. Further, careful pi petting techniques are necessary to prevent carryover from one 
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specimen to anorher. If false positives are identified, measures to prevent contamination include adoption of careful 

teclln iques and dccontarn ination of all surfaces and eq~lipment by wiping with dilute bleach. 117 

Commercial applications of peR 

The development of peR techniques in the research laboratory has been followed by the devclopmerH of tests for the 

clinical Situation. In order to take advantage of the superior sensitivity of peR, several commercial tests have been 

developed and approved by the FDA for routine clinicalu'se in the United States. The development of these methods has 

however, not been smooth, I False positive results due to contamination with amplicons have proved t.o be less of n 

problem than W8S expected. On the Oiher hand, substances commonly in human specimens inhibit the polymer8se chain 

re[1ction and hiJVc- been found to cause signit~c.(ln( proble!ns in the development of clinically reliable tests. These false 

ne:g8tive results are unpredictable and without the lise of amplification controls are tDare difficult to detect. The cost 

implications of perfonning the checks necessary to r~lOnitol" false positive results are prohibitive in the routine clinical 

seui Ilg. 

(1) Arnplicor<s') PCR [Roche Diagnostics 1: The first commerclal FDA approved test for PCR on cl in lcaf specimens 

in the LSA was J test for Chlamydia trachoma/is (Amplicor@) [Roche Diagnostics].!":!) MetJnalysis 1 of several 

publications' J 19.14;,201203.241 shows this test to have a ~ensilivily of 90% ilnd specificity of between 99 and! 00%1. The 

test, which is approved for female endocervical, rnale urethral and male urine specimens, has set a high standard for rhe 

future application of peR in the romine clinical ;abordwry selling. The Amplicor@ primers target a 207 base pair 

segment of the cryptic plasmid D~A present in seven copies per Chlamydial genome. Tests detecting Chlamydia] 

genomic sequences fronl the MOMP gene have been compared with (he teSl detecting cryplic plasmld 2')(' 2)1 The 

sensifivity (~/ the test defectmg plasmid is higher, probably because there are seven DNA targel copies per organjsm. 

A!though plasmid-free strains of C rrachomalis have been identifted,141.25'i these are rare and appe<:lr not to be clinicaily 

relevant, 1,1~1.~·19 

The Amplico/Y test is innovmively designed for 3utomCition and colourirnetric anaJysis of the [cst resulc 2
,11.N<) The 

amplificdtion product is biotinylated and is capcured by an oligonucleotide probe tha1 is complimentary to the amplifIed 

product. The capture probe is bound to (he test conrainer ("solid phase"). Avidin-horseradish peroxidase conjugate is 

added and binds to the product. After washing to remove unbound conjugate, a colourimetric subslrate reJction 

caUl lysed by horser8d~sh peroxidase occurs, The resl:irs are read by a s18ndard colourimerer. 

A funher refinement of {he Ampl icor® test is the use of (l novel system to prevent ampliflcation of con tam inant carryover 

product from previous amplirkations. 24
l.

N9 The Amphcor:<9 master mix substitutes dTTP with dUTP so thm in the 

amplicons, uracil is substituted for thymine, Thus any DNA tempJJ1es carried over from a previous 8mplificmion 

(contaminant) contain uracil, whereas naturally occurring templates (target) contain thymine. The Amplicor® master mix 

also coma ins Uracil-N·,glycosylase. This enzyrne cleaves uracil~containing DNA by opening [be deoxyribose chain. 

The opened chaills 3re broken durillg the initial he1tlllg slep of the reacrion so that previollsly produced templates Me 
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destroyed and only naturally occurring ternplates (target DNA) can be polymerized. The init~al heating step also destroys 

the IJracil~N-glycosylase. Thus, before the chain reaction cormnences, contaminants are eliminated by fl protective sc!f­

destruct mechanism. 

This protective system does not prevent contBmination of specimen in the laboratory by oaturally occurring Chlamydia! 

DNA (eg. splash over from other sample wells, comamirl1:lcion of pipette tips or laboratory surfaces). Careful laboratory 

techniques are therefore essential. The potentially serious problem ofcontalTllnallOn in the laboratory by vast numbers of 

amplicons from previous reactions is however, effectively eliminated. Contamination of specimens outside of the 

laboratory is mtnirn ised jf appropriate sampling and specimen handling techniques are used (vide sflpra). 

(2) The Ligase Chain Reaction (LCR@) [Abbot LabonHories]: is a novel systern also licensed by the FDA for use 

in clinical testlng.:'l4 Metana~ysis' of early evaluatiolls of the test,ro-l,120,;;; shows a sensitivity of94% and a specificiry of 

99 to 100 %. The system employs two pairs of sYllthetic oligonucleotide probes, one puir for each strand of cryptic 

plasmid DNA, The target sites of tbe paired probes lwve been selected so that there is a one or t\VO nucll:Olide gap 

between the pair when lhe probes have aonealed, The gap lS filled by DNA polymeruse and closed by ligase enzymes, 

I'his two-step procedure is said to improve the specificity of the test. After heat denarurmion, the annealed probe pairs 

act CIS template during therrnal cycling, resulting in 10g:8.rithm~c arnplincation of the target sequence. The tesl re4uires an 

automaled ioslrumenl and is not easily available for non-auto!Tlated, in-house laboralory use. 

The LCR® product is measured using an immuno~colourimetrlc method with the immuno-capture antibody bound to 

magnetic beads. To prevem conrarninatlon of the instrument and laboratory environment with ampjjcolls, at the end of 

the procedure, the automated colourimetric instrument pierces the caps of the tubes containing LCR product and injects 

an oxidizing agent and a chelaled metal complex thar denatures the ampJicons, 

4.4.4.5 peR ON TISSliE SPfUM£I\S 

Although in situ peR in tissue sections is possible (l)ide infra), analysis of nucleic acid 1'1"001 [jssues is generaHy 

performed 011 DNA extracted from the sarnpJe. MOST tissues can be successfully tested by extraction of Df\;A, bur 

problems have been encountered with specimens taken from brain and spleen, or specimens that are extremely bloody or 

necrofic. l17 TypicaJ normal hurnan cells contain approxtmately 7pg of genomic DNA and a variable amount of 

mitochondrial DNA,ls5 Genomic DNA can be separaled from milochondrial DNA jf necessary by isolarion of nuclei 

from ceJl by ultra-centrifugation methods. Generany, the presence ofmimchondrial DNA in a sample is not an issue. 

Specific RNA sl:(luences in cells can be detected using reverse tr3.nscript8se PCR (RTPCR).'!~4 RNA is extremely labile 

ill tissue and is denatured rapidly by endogenous RNases. Fresh tissue or tissue snap-froz.en in liCluid nitrogen is 

generally re4uired for this process. Target RNA is initially transformed in lo dDNA Hsing reverse transcriptase. 

Subsequem detection of [he dDNA lS perforrned by peR in the usual way. Approximalely 15 pg ofRt-.:A ore present III 

cells, 80 - 85 % being ribosomal RNA while only I to 5% of RNA in cells is rnR_NA.255 
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Prep" ration of lissue for peR 

(1) Fixation a/Tissue: Amplificmion of Dl\/\ extracted from fresh tissue yieJds optimal results. Emcient peR 

has been performed on frozen sections taken from fresh tissue specimens mounted ill optimal cutting temperZlture 

compound (UCT).:::~7 peR using DNA extracted frolll fO:'Ill<:lldehyde-fixed tisslie is Jess efftcient and caution is necessi.lry 

\Vllt:l comp8ring results obtained llsing differently treated tissues,l:7 However, peR Lechniques m<:ly he readily applied 

to formaldehyde-fixed, paraffin embedded tissues used for routine histologlcal purposes.256
,257 Provided tllerc is careful 

extraction of DNA, tissue from paraffin embedded surgical SpeCilTlenS submitted for routine histopathological 

examin8tion may be subjected to sophisticated D>.A detection methods, including both PCR:~!7 8nd Southern blot 

aml1ysis. 25
3.25

0 There are vast reserves of such material archived in anatomical pathology facilities allover the wodd. 250 

Up ro 200/1) of fixed rissue specimens may not be suitable for PCR because of inadequate or exces.sive fixation.2<1~ 

11owever, DNA from tissues fixed after a post mor/em inlerv81 of seven d8ys has been amplified and peR has even been 

successful Oll archeological specimens. 257 

Optimum results on fixed tissue are achieved with t~xation for 24 hours in neutral buffered 4%'! fonl"laldehyde in 

phys io logical sa line (" I 00/0- fonnol sal ine))).l n. 2~4 Prolonged flxation ShOll ld be a voided. Form aldehyde fixation resuHs 

in the fornimion of Schiff bases in the DNA, but this step is reversed in aqueous conditions, However, \vith prolonged 

fixation, alterations in the DNA str-ucture becorne irreverslble.:m Despite fixation and paraffin embedding, s~ow 

degenerat.ion of DNA continues and PCR perfonned on very old histology tissue bjocks (older than 10 years) may have 

(educed amplification. On lhe other hand, successfu I PCR has been performed using ,10 year-old tissue blocks. 21) 

T\ssues lJAed in ethanol or acetone yield adequate UNA extracts for PCR. Fixation by Lenker's Fluid, Carnoy's 

solution, 1J01iin's fixative and 1J-5 precludes successful PCR.26~ Acidic solutions used Cor the decalcification of bone 

degrade DNA template and usually preclude PCR on decalcified tissues. 117 

(2) Processing o.(fissue: During the routllle D!"eDaratlon of tissue for embedding in paraffin 1 specimens are fixed, 

dehydri:lLcd and impregnated with paraffin wax in automated tissue processors. The rissue specimens are usually placed 

in special CZlssettes. These facititate access to the tissuc by these processing fluids. The tissue are sequentially 

impregnated through and through with alcohol, xylol and [1araffin wax. [t is possible thal. carry-over of Dl\A from one 

specimen to anothcr (particularly DNA from micro-organisms) c'Juld occur during this process. Investigation of this 

problem has not received attention in the literature. 

(3) Cutting tissue .sections: Sections are cur behveen 5 rn)J and 10 rn)J thickness.217 (8 m)J thickness:'''';) and 

p]i'iced in a sterile 1,5 ml micro-centrifuge tube or a 0,5 111] PCR capped reaction cup [Eppendodgr?')7·2~': Once the dry 

seciion has been placed into the capped reaction cup it may be stored for mont.hs at roorn (cm perClture. A specific portion 

of tissue block may he selected for testing by scoring the block prior to sectioning. 
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COlltnminariol1 of the tissue section must be avoided. The routine use by the operator of 18tex gloves during sectioning 

however is not considered necessary but the use of p<1per towel to clean fingers behveen cases is recornrnended. 217 

Potential con~amination of sections by exfohated squames from the operator's hands mllst be considered jn certain 

dermatological conditions associated with exfoliarion., hyperkeratosis or Human Papillon1nvirus infect jon. These 

conditions may cause significant contamination, depending on the intended DNA target, 217 

Cross-contamination between specimens is potentially a rnore significant problem. Sterile, pre-labelled capped reaction 

ClipS should be laid out prior to sectioning. Carry Ov-:r of t:ssue fragrnenls between different specimens must be avoided 

at all costs. Some workers have recomrnend that tile forceps, the brush and The microtome blade should be wiped with 

acid or chlorine bleach to denature residuaJD;\;A, as well as with ethanol or xylol to remove residual fragments of wax­

embedded tissue. 246 Other workers regard such measures as unnecessary, but wiping the Instruments with paper towel:::; 

has been recommended. 2P.2
4

4 l1 has been demonstrated tlWE normal trirnming and facing of the wax block prior to cuttmg 

sections adcquately cleans the blade between subsl:quem specimens. il7 In this study, negative control spccimens were 

cut alternately with positive controls, Cross-contaminatlon of the negarive control by material from the positive controls 

did not occur, confirming the safety of routine cutting processes. 217 

An allemativc method to obwin tissue for PCR from laboratory specimens is to use archived, glass-mounted staincd or 

unstained scctlons or even cytology srnears. The coverslip of such a secrion or smear is removed by soakjng the slide in 

xylol. The enlire tissue section or desired sample frolll 11lc seclion or smear is then carefully scraped from the slide into a 
@ . 'II' ')'1,1 dry, capped Eppendort rcactlOn cup_ - ',-

(4) Removal (~f wax: Thc paraffin wax is removed from the tissue sections with solven(, usually xylol or octane. 

The sections must be dryas the presence of water lTlay inhibit removal of wax. About I ml of solvent is added to un­

mounted tissue sections in ?In 1,5 ml Eppendorf cup (lnd shaken vigorously !Ising a vortex mixer. The pmaffln wax is 

allowed to dissolve cornp!etely. Thorough renJOva] of the paraffin is essential as traces of wax may inhibit DNA 

extraction,::!'I'] Different recommendatlons to facilitFlk removal of wax have been rnade and the time and conditions for 

tbis seep vary from 2 minutes at room temperaturc217 to over night in n water bath at 60°C. 244 The tissue sarnpJe becomes 

translucent in xyloL 

Subsequent to de-waxing, thorough removal of wax-solvent by washing w~th ethanol is essential as these solvents also 

inhibit PCR. 24~ If the tissue sample is small or fragmented, the capped reaction cup containing the salnple and xylol may 

be centrifuged to pellet the tissue prior to decanting the ;..;ylol. 217 Alternatively, xyloll11ay sirnply be aspirated from the 

EppelldodJl CUp.2:'~ One mililitre of absolute ethanol is used to wash the sarnple and is aspiraled away. This step is 

repeated twO?I? or three times /4J The tissue sample becomes white and is more easily visible. If the tissue is to be 

stored prior to undergoing peR, it should be vacuum desiccated. 217 
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Factors affecting PCR 011 tissue sp"e,m,,"s 

(I) Amount 0/ DNA extracted: The presence of excessive amounts of extracted DNA in the specimen, or other 

tissue components rnay prevent successful PCR.217.244 The mechanism of inhjbition is not always known, but inhibition 

of enzyme reactions, particularly DNA restriction enzymes has been described. 156 For this reason, small test samples 

generally produce better results. For tissue sections larger than lmmL
, use of between one lenLh and one fiftieth of the 

eXtract results in successful peR. 

If prer.:ise determination of sample size is necessary. the amounl of DNA and of DNA degradation products in a tissue 

extract can be determined byelectrophoresis.217.255 ;.\ s8lTlpie of the extract (5 to 1 0 ~d) is nm through 0.7 % agarose gel 

and stained with ethidium bromide,25s During electrophoresis, nucleic acids migrate through the gel at a rate inverseJy 

proportional to the loglo of their molecular weights. Since the molecular weight of nucleic acids is proportional to thelr 

length in base pairs, the size of the DNA fragments can be plotted against the distance they migrate. A standard curve 

can be constructed plotting the distances that marker fragments migrate against the IOglO of their known molecular 

weight. Using the stflndard curve, the approximate molecular weight and concentration of the extracted DNA can be 

estimated,l~) 

(2) Target size: The size of the target sequence is critical, and in samples from fixed tissue, smaller targets are 

more successfully detected. The target should be less than 200 base-pairs in length and best results are achieved with 

targets less than 100 base-pairs. 117 

PCR protoc,ols for tissue specimens 

(l) ,Haster mix: The mix is made inltiaUy and distributed into capped reaction cups before the addition of target 

DNA. This reduces the possibility of cross contamination in the reactlon CUpS.244 A typical peR master mix is glven in 

the following protocol: 2:7 

• 10 fll buffer. I OOmM Tris-HCI. pH 8.3, 500JI1 M I(CI, 25mVl VlgCI, 

• 10 fll of dNTPs. 2mM each of dATP, dCTP, dTTP and dGTP 

'ill 0.2 ~ I ~J~1 primer: 20-100 pmoJ of each primer per reaction 

• 0.4 ~I (2 lIni!s) Toq polymerase'" 

.. Tissue DNA extract between one tenth and one fiftieth of its volume 

• Make lip to 100 ~I with sterile distilled water 

.. Overlay with 2 drops mineral oil 

.. Place reaction cups in thermal cycler 

To obtain optimum results, the concentration of magnesium, dNTPs and primers may require manipulation for particular 

target DNA tissue extracts using known positive <lod negative controls, The amount of Taq polymerase® may be 

increased to 4 units or more if inhibition of the peR reaction by factors in the (issue extract is suspected. The entire mix 



Univ
ers

ity
 of

 C
ap

e T
ow

n

66 

may be scaled down ro 50 j1! to save reagents. Predsion micro-pipetting is not vital and up to ] o~'O variation In volumes 

is an adequate level of accuracy. 2J7 

(2) Therma! cycle: A typical thermal cycle is given in the following protocol: 217 

.. Initial denaturation 5 minutes@95°C 

• 20 lo 50 cycles of 

• denature C& 95°C for 45 seconds 

.. anneal @ 56°C for 45 seconds 

.. extend @ 72°C for 60 seconds 

.. cool to 2°e 

The initial heating is prolonged to ensure that complete denaturation of target is achieved. Insufficient heating during the 

denaturation steps is a fi-equent cause of failed PCR.~17 The specificity of the peR reaction depends on the stringency of 

the hybridization of primer to target sequences. It is critical that there is exact homologous annealing of the prlmer to 

ta.rget. The annealing temperature should be as close as possible to the Ton, high enough that non-specific annealing of 

primer to target is unstable and does not occur. It is therefore vital that the annealing temperature is optirnised. Til! is 

governed by the length of the primer and its G-C content. The approximate a.nnealing temperature of the primer can be 

calculated using the formula: 

Tin 4 (number of GC residues) + 2 (number of AT residues). 

Demonstration of the peR product 

The cornmonly used technique for the demonstration and analysis of PCR products is agarose gel electrophoresis. 

Electrophoresis is a simple and quick technique with several advantages. It indicates the presence or absence of reaction 

product, the approximate size of the product can be estimated, and the use of radioactive isotopes is avoided,2!7 After 

separation of tbe target sequence form other DNA in the sample, the purified reaction product can be sequenced for 

absolute identification.:?17 

Aga("ose gel electrophoresis: The first step is removal of the ampJification product from the Eppendorf reaction cup lf 

necessary, the mineral oil can be removed by adding chloroform, shaking tbe mixture and then aspirating rhe aqueous 

phase floating on the oil/chloroform mixture. Alternatively, product can be aspirated from beneath the mineral oil 

layer.2
<l4 Under the influence of an electrical gradient of 10 to 15 voltslcm, the product migrates through 2% agarose gel 

at a rate inversely proportional to the loglo of the molecular weight of the DNA fragment 255 The smaller the fragment. 

the faster the DNA migrates and the further the fragment travels from the starting point. The identity and the 

approxirnate molecular weight of the product is assessed by comparing the migration of the product with control DNA 

and a mix ofstand;;ud sized fragments, A standard curve can be plotted using know concentrations of control DNA nnd 3 

sem i-quantitative assessment can be rnade of the amount of product produced. The addition of brornophenol blue ro the 
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reaction products and controls allows monitoring of the migration of the blue-stained DNA. EthtdlUm bromide is added 

to the gel before it is poured and allowed to solidjfy, The ethidium bromide binds to the migrating DNA fragments. 

Once the products have been separated by electl"Ophoresis, the gel is exposed to UV light. The ethidium bromide-stained 

DNA is auto-fluorescent and the migration pattern of the bands of test and control DNA can be photographed. 155 

Fthidium bromide is carcinogenic and careful handling to prevent exposure to the chemical is nCCl:ssary. !\garose gel 

containing purifled reaclion product can be cut from !he gel and the D1'\A content subjected to DNA sequencing for 

con fldent identi fication. 24<1.}&1 

Remarks 

The techniques used tn peR have been standardised and the method is widely accepted as the most sensitive and reliable 

modality for the detection of Chlamydial DNA.iwt:I' "Ii" 1.1-4.117,240 Since PCR is intJnirely the most sensitive detection 

method, yet at the same time a highly specific test, it has been recommended as the gold standard for confirmation of the 

pre;;;ence of ChlamydiaeY PCR was an ideal means to corroborate the morphologic criteria for Chlamydial infection and 

also serve to confirm findings using the relatively untried DISH ULS® method. 

4,5 DISCCSSION 

4.5,1 SELECTlOr-; OF THE GOLD STANDARD 

The selection of a "gold standard" implies a test method that yields entirely reliable (specific) results against which to 

compare other tests. The selected test must first be extremely specifIc, but also should show the highest possible 

sensitivity, The historical gold standard for confirmation of a Chlamydial infection has been culture of the organism 1,4,1 

principally because the specificity of the method is ncar 100%.' However, compared with DNA amplification 

techniques) the sensitivity of culture has been found to vary between 70 and 85%,40,81 The improved sensitivity of r)J\A 

testing methods is so significant that culture is no longer regarded as an acceptable "gold standard P for detection of 

ChiCimydia trachomafis. I.;. The concept of using an exp(mded gold standard employing two D1'\A detection methods has 

been put forward the CDC in the USA.' 

The following considerations were made in the process of selecting the corroboratory tests used in the present study. 

4,5, 1.1 (TLTlJRE OF Chlamydiae 

The specificlty of culture for detecting Chlamydia lrachomofis approaches 100%. Chlamydlal inclusions are visible by 

light microscopy in the host cells 48 (0 72 hours after inoculatfon of the eel! culture. The end point of culture is the 

morphologic identification of Chlamydial inclusions by rhe demonstrarion of inclusions in the cell culture. "The direct 

visualization of inclusions that possess a very distinctive morphology contributes to the near 100% specificity 

of culture tests" I Swanson el or" showed that the morphology by EM of vacuolar inclusions in control cultures and 

Pap smears were identical and yet the identification of the Chlamydial inclusions in a Pap srnear is not generally 

accepted as diagnostic,SI 
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Until recently, the specificity of culture of almost J 00%, has resulted in cultures being used as the "gold standard" for the 

l(1boratory detection of Chlamydiae. I ! Iowever, the 11Iethod has a relatively low sensitivity compared to newer DNA 

detection methods. Ocpcnding upon the expertise of the laboratory, the sensitivity of culture has been found 10 vary 

between 70 and 85°/{l compared to DNA arnplification lechniques.4
:;.Sl 

Many faclors are likely to contribute to the low sensitivity of culture have been reviewed. A particularly important factor 

is speciJ):'!en adequacy. I Since the organisms arc obligare intra-cellular pathogens, specirnens taken to detect Chlamydia 

lrachofnolis lTlust include host cells. The use of correct techniques to obtain infected cells is necess8tf I Up to 300!o of 

specimens were found to be inadequate to detect ChlmTlydia despite special trailllng of personnel taking the test samples. 

In<idequate specimens are also a problem for direct imrnllno-fiuorescent, 2.7 and ELISA techniques,fc.n s In (lddition, 

culture of Chlamydiae requires that the organism remains viable after collection until inoculation into (he cell culture. 

Tle specimen must therefore be approprialely storeu and transponed,43,s7 Perhaps mOst importantly, sllccessfu l culture 

on y occurs "if sufficient numbers ofviabJe Chlamydiai elementary bodies are present" in the specimen. i 

Without assuring the quality of specimens, up to 10% of samples may be found to be unsatisfactory.i) The CDC 

recommends (hat the quality of specirnens collected for Chlamydia testing sbould be monjtored. ) Inadcqunte specimens 

have been defined by Ihe CDC as those in which no columnar or rnetapJastic squamous cells 3re found by microscopic 

examination. None of the studies using culture techniques to corroborate Pap smear diagnoses6J;,JS.,c_'l~.106.J22.262.26} 

indicated whether tl1e (juality of the specimens had been monitored by checking for the presence of columnar or 

rnerap.lastic sC]uamous cells (All of theses studies were conducted before this recommendation was made.) It is likely 

that some specimens cultured in these studies were not adequate. A proportion offalse negative cultures \.)'ould reduce 

the apparent specdlcity of Pap smear diagnoses. 

During the early stages of the study, culture for Ch/nl1}ydiae was no longer ;wailable in Cape Town. llowever, Lwcet 

La~oratories, a commercial laboratory in Johannesburg, was stdl performing culElires. TlJis review indicaied that limited 

lise of Chlamydia I cultures rnight be appropriate in the present study. 

4.5.1.2 ELECTRON MICROSCOPY 

E:vi examin8rion has been used successfully to reliably deteCt the presence of and to idemify variolls micro-organisms" 

:!(A including Chlamydiae. 21
•
4 

.. ,105 One study successfully confirmed the presence of ChlOlI1.vdia frachomatis organisms in 

McCoy cells by EMY Another dernonstrared the organisms by E\1 in tlssue sectlons of the uterine cervix,;:; A study 

llslng E\1 techniques to corroborate the presence of Chlamydia frac/1omatis org<:lnisms in celis lifted frorn Pap smears 

1 J . . 1 f I lOS S lowe orgarnsms In on y one 0 severa smears. \lever the less, £\1 in [hat study had been able to identify 

Chlamydiae accurately. It ",,'as concluded that use of electron rnicroscopy in the present study would be lIseful. 
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4.5.l.3 D£TEC nON or CHLA,VIVOIAL ANT1G£N 

Co rro bora tion OFAT 

Several studies critical of the sensitivity snd specificity of Pap smears for the diagnosis of Chlamydia! infection have 

used direct immunofluorescent testing.SUlJ.S7.I05 The DFAT is performed on a smear made from 3 scraping or epithelial 

cells from the infected epithelial surface. The sme':lI" is air-dried or acetone fixed, lOS The presence in the specimen of 

aclequmc rlurnbers of epithelial cells is essential. 1.4"1 

Tile DFAT method combines detection of Chlamydia-specific antigen with direct localis~ltlon of the orgnniS!ll in the 

specimell, achieving a high specificity of 98 to 99%~ I '<\.IO~ The value of the test is the specificity of antibody-antigen 

staining of inclusions and elemental bodies that, at the same time show the characteristic morphology of Chlam)/dtae in 

the correCt locatlon. However, compared to optimally performed culture, DFAT has a sensilivily of between 80 and 

90%.I,i,~.I05 Since culture has a sensitivity of 70%1 to 85% compared to DNA amplification teci1niques,1J the sensitivity of 

DF/\T compared with DJ\A detection methods can be predicted to be between 56% (70% x 80%) and 76.5% (85% x 

90%). The hiW sensitivity of DFA T calls into question :he validity of the nurnerous studies :'lLll).116 criticat of the va!ue 

of Pup smear diagnosis of Chlamydial infection. 

The DFAl is no longer widely used as a primary diagnostic test because ir has a low sensilivily and is labour intensive 

requiring highly skiJled personnel to perform the microscopy.' The use ofDFAT requires tl1m a second specimen of 

fresh cervics! mucus be obtained and this was not practical in the study setting. FUl1her, experienced personnel In the 

Penman laboratory reported that reliable interpretation of the fluorescent Chlamydial panicles was extremely difflcule 

Althollgh DFA T \-vas available in the practice, [his review of the literature showed that when these methods had been 

used as corroboralory tests for Pap smear diagnosis of Chlamydia, resul1s had been sub-optims)liFi<'1" ,,/Ja (,.~7.12'i It W8S 

decided not to repeat these studies. 

CorroiJoration by ELISA 

l'he [LlSA tests detect Chlamydial LPS. The speciticity of most commercially available ELISA tests lS in the region of 

97% without the blocking step and better than 99% \-vith the blocking step.' The blocking step is necessary to prevent 

cross~reactioJls with LPS lhat occurs in both gram-negative bacteria and yensrs.",,,·rUU(I ~16.D9 However, meta-analysis of 

sevenll studies using different commerctal tests showed that the best possible sensitivity when the blocking test is 

employed is only in the region of73%.1 

011 this basis, those studies that evaluated Pap smear diagllosisIOj.2G~ using ELISA methods for t:le golci standard were 

regarded as being of questionable vallie. For example, the Chlamydiazyme Test® (derecting LPS) llsed by Henry e! 0(')" 

was shown by other workers to have 24% false negarive results when the blocking test was lJsed. w, fllis method had 

been found 1'0 be sub-optimal by several workers. inl
!'! oli" 1.50,51.59 "Results should not be assessed by enzyme-linked 

assays, Since this results In the loss of the high specificity produced when inclusions are directly visualized." 

!2} An ELlSA method for Chlam.vdiae was available ill the practice. However, because of poor sensitivity when used in 
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a high specificity mode (with the blocking test), ELISA testing was not contemplated for studies to corroborate the 

morphologic findings. 

Immuno-histochemical demonstration of Chlamydia I antigen 

Numerolls practical considerations are necessary to ensure reliable and reproducible II I results. These considerations 

include the nature of the specimen available for examination, the cost and availability of the reagents, and the equipment 

required. In the routine laboratory setting, these factors frequently prevent application ofnlOre sensitive and elegant 11] 

methods. ))', 

Assessment of the specificity of imrnurlo-peroxidase techniques for [he demonstration of Chlamydia] anttgen does nO[ 

appenf to IlJve been published. I The specificity should be 8ssessed using known positive and negative control sections on 

the same gl8SS slide~. The sensitivity of the procedure varies according to numerous facwts including the amount of 

antigen present, the preservation of the structure of the antigenic molecule, the avidity, affiniry and titre of the primalY 

antibody} and the sensitivity of the immuno-detection system~ 159 Well-preserved morphology and preservation of the 

.nnrigen is essential and antigen retrieval may be required using proteolytic enzyme digestion, high or lo\\' temperature 

;)ferreatment techniques or acid hydrolysls. 1[1 staining using fluorescent detection systems (ll:) provides 1111:lximum 

sensitivity but must be performed on unfixed tissue. It: is not possible in alcohol or for.malin-fixed specimens. All 

possible rennements of the technique may serve no purpose if the antigen is not preserved or available for binding LO the 

labeled antibody. 150 

Routine fixation of Pap smears in most laboratories is \\'~th 95% ethanol or 100% rnethanoL 45 Alcohols fix tissue by 

precipitation of proteins and prolonged exposure to ethanol or methanol may destroy antigenicity. \()/ Thus, for IH \l,Iork, 

the use of routinely fixed Pap smears made from exfoliated cells of the cervix uteri is not arways possible. ))0 

The :v10ivtP antigen is not present in high concentrations during all stages of the life cycle of Ch/arnydiae. 2
.
16A

.1 The 

intr<:l-cellular vacuolar inclusions seen in srnears and sectlons contain RB. Synthesis of MO!'vlP antigen in the RB 

commences after t6 hours and is present in low concentrations during the early phase of the life cycle.l).~_; Chlamydial 

LPS antigen is more abundJnt in RB. 1,2.16,<I} 

The main factor determining the decision not to use I H in the present study was the problern with availability of suitable 

8ntibody. Use of anti-MO\!1P antibody in the present study was regarded as inappropriate becnllse .mi'lny inclusions rnay 

nor be well stnined during the firsl half of the infective cycle. Enquiries to several commercial concerns10.~O revealed lhat 

,mtibodies comrnercinHy available for IH detection of Chlamydial antigen in nleohol fixed smears and in formalin-fixed 

paraffin sections were directed agninst MOMP. Alltihodies for III directed against LPS mode use of fluorescenl 

detection systems"!0,:w an d required fresh frozen tissue sections that \-vere not available in the circumstances of lhe study. 
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DETECTION or CHLAMYDIAL DNA 

Corroboration by DISH 

The cellular DNA molecule is relatively inert and remains largely unaltered til tissues preserved by aldehyde fixatives at 

temperatures below 64 °C 207
,208. This enables the detection and localisation in fixed tissue of specific D:\A sequences by 

in situ hybridization.20
'\210 The ability of D!SH to locate the tMgct 07\'A sequences at a precise morphologic locarion in 

the tissue \s very important. The demonstration of;l specific target in i['S specific location results in n highly specifk. 

eleg.ntll and valuable test. I The specificity and the sensitivity obtained (jre high enough to allow reduced nUf'nbers of tests 

to yield signiflc<lnl results witboul resorting to (asti(]\ous stalisticill ilnalysls? I These were reg,nded 8S e:':il'ernely 

important points for consideration in the present study. 

D[SH requires well-preserved morphology on the one hand. On the other hand, DNA hybridization requires conditions 

(hat allow maxima! accessibtlity of the probe to target and stringent biochemical conditions tbat favour specific 

hybrid iZ3tlOn .112 Optimal hybridization condi!ions are usuaJly detrimental to preservation of tissue morphology. 

Succcssful DISH technique therefore represents a compromise between preservation of tissue morphology and the 

in:egrily of target sequences. 

The sensittviry of DISH depends on the accessibil)ty of the target DNA, the method by which the probe is l8oeled, the 

method used to detect the annealed end product, the length of the probe, and \.vherher rhe [Urget is RNA or si:lgle­

stranded DNA or double-srranded DNA. Non~specjfic background staining may limit sensitivity. Abundance of larget 

may aJlow usc of a method with reliltively lo\-\' sensitivity but dictate a need for rnaximal specificity_-)I? The signal 

generated by the detection systern may vary from <I sub-cellular level to a particle size greater than (l cell dtameter. 

Resolut.ion and detection of the signal is largely dictnted oy the method used to label the probe, The specificity of the 

signal for target depends upon the stringency of the conditions during the post-hybridiz.Jtion \-vashing step alld lIpon the 

presence or nbsence in the tisslle of non-rarget sequences siJIlilM to largc1 scquences_ Non-specific signa can originate 

from 8 v8riety of sources. The setting of precise stringeJlcy conditions and use of controls to differentime non-specific 

sign81 is essential. 212 

Hapten-~abelled probt:'!s are detected by irnmuno-cytocilemical methods. They are safe. stable, achieve n'lpid results flnd 

yield single-cell and sub-cellular resolution. The most sensitive techniques employ a hapten against which a specific 

antibody or other blndlng protein (ligand) is available. Examples of these h-optens include strepavidin-biotin ?nd 

digoxigenln. Hapten-metal cornpJexes, particularly gold-labelled antibodies, have been used for in DISll at the electron 

microscopic level. 1';'.1<;·1 During the course of the sindy, nn improvement of the DISH method became available. 11
'.! The 

ll":.W method used lhe "universal linkage system" (LlS'",) to improve sensitlvity of the detection sys[em to signal DN/\­

probe complexes. Strong electro-valent binding sites 01) a cis-platillurn molecule are used to bind the nucleic (lcicis 

guanine and ildenine in the probe to haptens, enzymes or fluorescent tags. This technique has dramatically incre<-lsed the 

sensitiviiy of hapten-labelled D1Sll techniques and can detect as few as 10 copies of (arge( DNA per cell. 11') 
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The most frequently used means of corroboratory testing tIl histologic work is [mmuno-histochemistry. Since the 

antibodies available for detecrion of Chlamydial antigens were inappropriate, a reliable alternative to IH was required to 

corroborate the presence of Chlamydial jnfectton in !'<lP smears and tissue sections. Of the DNA detection mGLhods 

available, DISH for Chlamydia-specific DNA was regarded as aile of the bese The method has a high specificity and 

sensilivity and was ideal for usc in the type of specimens available in the study. OrSH technique has a high specificity 

combined with the ahility to morphologically localize thc target DNA. Unlike DISH, routine PCR does not localise the 

target DNA and in situ peR is a complex and difficult procedufc.'J2 Because of the inherent advantages of (he 

technique,206,110,211 D1SH was regarded as the most likely means to provide reliable proof that the vacuolar inclusions in 

Pap smears and tissue sections indeed contained Chlamydial RB. DISH was therefore selected to be the main 

corroboratory test for the presence of Chlamydia I DNA in sme<1rs <1nd sections. Further, studies using DNA. methods for 

detection of Chlamydiae had not been reported in the literature. The opportunity existed to break new ground .and to 

assist in resolution of the controversy regarding the morphologic diagnosis of Chlamydia I infection. 

At the cornrnencernent of the study i.n 1993, a Rembrnndt® DrS} I kit suitable for the detection of Chlamydia trachoma/is 

was available frorn Kreatech Laboratories in Amsterdam, The Netherlands. During 1992, the writer received initial 

training in the use of this kit at a seminar conducted by Kreatech in Cape Town at the Tygerberg Medical School 

Campus, University of Stellenbosch. Later in 1993, further training was provided when the investigator visited Kreatech 

Laboratory in Amsterdam. Subsequently in [994, the irnproved Rembrandt® DISH kit using the "universal linkage 

system" (ULSfi\,) became <1vailable.219 ! n 1997, after the morphologic study had been completed, the investigator returned 

to Amslerdam to personally conduct the corroboratory tests using the ULS'v kit in the Kreatech Labor<1tories. 

Corroboration by PCR 

The PCR technique vastly amplifies DNA sequences resulting in a highly sensitive assay. The method allows detectioll 

of one copy of target DNA jn a specimen of tissue containing hetween one hundred thousand and one million cells.205 

This sensitivity surpasses microhiological culture. all serology techniques and other molecular detection methods. 

Compared to the ULS'.8i in situ hybridization system that is said to detect 10 copies of target DNA per cell,21,) PCR is 

between a million and 10 million times more sensitive than in situ hybridization. 

Since DNA amplification t.echnology detects specific DNA sequences it does not depend on the presence of viable intact 

organisms.:6 DNA may he detected from non-viahle organism in a specimen that could not be cultured. This partially 

explains the enhanced sensitivity of PCR testing over culture. Suhsequent to the product can be extracted from the 

to be sequenced to confirm homology of the product with the target sequence. 2;7.244 

For these reasons, peR wa.;;; selected as a second DNA detection method so that an "expanded" gold standard could be 

applied to the f'norphologic criteria. Use ofrhe peR method in this study was restricted to tissue sections. The ability to 

cut serial sections from tissue blocks enabled testing of the same specimen by morphology, DISH and peR. Although 

DISH could have been applied to Pap smears, there was limited cytologic malerial from each patient. llowever. if peR 
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testing corroborated the DISH findings in tlSSUC sections, there would be no reason to argue that the sarne rnorphologic 

criteria are not valid when applied to Pap smears, 

4,5.2 TilE EXPANDED GOLD STA~DARD 

Black! at the CDC ttl the USA has proposed the concept of using a combination of two tests for a gold standard in 

Chlamydia] work. The spe8ificily of DISH approaches [00%1.205,2:)6,220 and peR is the most sensitive test available, 

able lO detect only one copy of Chlamydia 1 DNA in vast numbers of cells,2Q5 The gold standard selected for the present 

study was therefore a combination of two cornplimentary tests: a higbly specific test (DISH) and a highly sensitive test 

(peR), 

4.6 CONCLUSION 

It is not surprising that previous workers have failed to adequately corroborate the use of Pap smears for {he diagnosis of 

Chlamydial infection. In the pasl, the only leSts avallable to corroborate Chlamydia! infeclionu have been relatively 

insensitive non-D:--·Jl\ tests. Culture is difficult and has a low sensitivi1y.2 The sensitivity of ELISA method has been 

described as nol wholly satisfac1ory.UQ
•
51

,S9 Several attempts that could not corroborate the presence ofCh!amydial Ag 

" f1 64"127, I' 1 . I 1 d 81 0''''h d' d' ., . '!O'!P usmg Immuno~' uorescence .~, or lml"nunO-11SlOC jemlCa met 10 s· .. ave use antIsera Irecteu agamst!V !V 

whtle antibodies agatnst LPS would have been more approprtate because only scant amounts. of rv10MP are present in 

rnOSl Chlamydial vacuolar inclusions.·,,~;6.43 Only two studies reported successful dernonstralion of Chlamydia I Ag. i
-l,"l6 

In the years since these studies were performed, new testing methods, particularly testing for f)~A had become 

available. The investigation would lherefore address corroboration of morphologic criteria using lwo D\lA tests. 
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5. MORPHOLOGIC 

5.1 AIMS 

The purpose of the morphologic study was to develop rellable cytologic and hiswiagic criteria for the dlagllosis of 

Chlamydial infection in the uterine cervix. Previously published cytologic l
.} and histologic 4.(' descriptions were used as 

starting paints 10 search for cases showing features of Chlamydial infection in Pap smears and in tissue sectiollS. These 

cases would he carefully evaluated and diagnostic criteria for the morphologic diagnosis of Chlamydia iniection 

formulated. These diagnostic criterin would subsequently be used to find cases that would undergo corroboratory testing 

using an expanded gold standard 7 to confirm that the morphologic identification of the organism by microscopy can he 

reliable and specific. 

5.2 

S.2.1 MORPHOLOGIC DIAG'IOSIS OF CHLAMYDIAL INFECTION 

Tn 1975, Swanson ef or described the morphologic diagnosis by light and electron rnicroscopy ofCh!amydia infection in 

tissue sections of the uterine cervix. Chlamydial inclusions were demonstrated in two cervical biopsies and Chlamydia 

culture was positive in one oflhe two patients. The serum of both patients tested positively for antibodies to Chlamydia. 

These workers suggested that exfoliated cytology smears and hiopsy could prove useflll in the diagnosis of Chlamydial 

infection. Suhsequently, tn 1979, Gupta ef all descrihed in detail the morphologic features of Chlamydial infection 

found in Pap srnears. They emphasised recognition of intra-cytoplasmic Chlamydial coccoid bodies and regarded 

Chlamydial "inclusion bodies" (vacuolar lllclusions) as a degenerative phenomenoll that could easily be confused with 

inflammatory vacuoles or mucus inclusion vacuoles. Using their morphologic criteria, they were able to corroborate 25 

% of cases tested by Chlamydia culture and an undi::;closed proponion of cases showed Chlarnydial antigen by immuno­

fluorescence. EM W8S suc.cessfully perforrned on cells lifted from the srnearS in two cases. 

Vacuolar inclusion bodies are the usual form taken by the intra-cellular forms ofChlamydiae8
.
9 Subsequent to the work 

by Swanson et a! and Gupta et ai, many workers have Illvestigated the morphologic diagnOSIs of Chlamydia Infection, 

p8fticularly in Pap smears. Fewer rest:archers have adiiressed the iiiagnosis in tissue sections. Many have directed their 

attention (al kast in pan) to addressing the notion firs! expressed by Gupta et al that the diagnostic imponance of these 

vacuolar inclusion bodies is questionabJe>',:\'i.:·17 A variety of corroboratory rnethods including culture, serology, 

immuno-fluorescence, immuno-peroxidase staining and EM showed poor correlation with lhe Pap smear Or biopsy 

result. Mos( of these investigations have concluded that vacuolar inclusion bodies are not reliable indicators of 

Chlamydial infection,u.: c:' i7 Many of these workers have concluded that the vacuolar inclus;ons are non-specific for 

Chlamydial jnfection. IO
-
15 Others have indic.ored that although the inclusions are Chlamydial, they are rarely seen and 

therefore arc an insensitive morphologic nurker of the infection.':':,:: 
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5.2.2 CYTOLOGIC DIAGNOSIS OF CHLAI\1YDIAL INFECTION 

In ! 985 Shiina2 specifically addressed the problem of distinguishing ell lamydial vacuolar "inclusion bodies" from mucus 

inclusion vacuoles and inflammatory vacuoles. Shi ina) identified five types of vacuolar inclusion in Pap smears. Smears 

showing these inclusions were re-stained by IP using a lTlonoclonal, species-specific mouse anti-Chlamydia antibody_ 

Amongst 183 cases suspected of showing Chlamydial infection, 13 showed expression of Chlamydia] antigen by 1 P. The 

Chlamydial clnrigcn was found in 85.8 % of "nebular type" vacuolar inciusions in these 13 cases. Antigen was not 

confined [0 the vacuolar inclusion and was also found in intermediate squamous cells, metaplastic squamous celLs, 

"tissue repair cells," parnbasaJ cells and columnar cells. Subsequently, using the same smears, glycogen was digested 

wjlh amylase and rhe cells were stained \vith PAS [0 demonstrate mudn. Up to 82 t;/(l of non nebular inclusions 

contained mucln and were regarded as non-Chlamydia!. However, 12 t.;/o of nebular incluslons also conra,ined mucin Rnd 

control HeLa cdls containlog nebular inclusions also showed PAS-s!aining lTlllcin. 

Shiina2 concluded that only the nebular inclusions should be regarded as diagnostic ofChl(lmydial infecrion, However, it 

seems likely that the anttbody used in this study W8S <1galnst MO\1P. [n the review of literature, it was noted that 

Chlamydial MOMP is first expressed in the host cell membrane after approximately 18 hours in the life cycle (lnd may 

only be found within the inclusion after 24 hours whell assembly of daughter EB comrnenCe$,5.6 Therefore, it could be 

expected that some Chlamydiai inclusions would not slqin positively (personal observation),:5 

In t989, Bernal ef af:; conducted a meta-analysis of I) publicarions in which the criteria published by Gupta el 0/
1 had 

been used, The analysis revealed that using these crireria, cytology had an avemge sensitivity of only 27 % in the 

diagnosis of Chlamydial infection. The specificity of the criteria enunciated by Gupta el 01 was 86 % and those of 

Shiina, 91%. The combtncd specificity of cytology derived from these publications was 79% The conclusion drawn was 

that Pap smear diagnosis of Chlamydial infection is not sufflciently accurate and is not useful for ascertaining the 

presence of ChlalnyJio lrachomofis 3 "because of the :mpiicalions of a misdiagnosis of a sexually transmitted disease." 

It was a critical aspect of the current morphologic study ro nddress the misdiagnosis of non-Chlamydial vacuoles. The 

purpose W:1S to refine diagnostic criteria so that nOll-specific vacuolar inclusions could bc sepmated from Chlamydial 

inclusions. In addition, it was necessary (Q show that rhe cytoplasmic vacuoles were associaled with specific cellular and 

nucle8r alterations in meraplastic cells that were nor merely non-specific degenerative changes. ft appears reasonable 

that in the ear\jer part of tbe life cycle, cells would s~lOW changes that could not be dismissed as evidence of impending 

cell death. On lhe other hand, cell death is palt of t:le process of Chlamydial infection and the signs of imminent 

disruption of the cell conslirure par! of the evidence of infection. Signs of cell death during Chlamydial infection could 

be expected lal8 in the life cycle of the organism, clfter about 30 hours. s.6 Although a possible source of diagnostic 

confusion, th8se Ime signs of cell dearh could not be dislnissed as unimpor1;:mt. This view was supported in Gupta ef all 

when it was nOled that the vacuolar changes were regarded as a degenerative phenomenon but speclflcaUy due to 

Chlamydia! infection. 
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5.2.3 HISTOLOGLOGIC DIAGNOSIS OF CHLAMYDIAL INFECTION 

Several published articles have addressed the possible diagnosis of Chlamydial infection in the uterine cervix by 

I · Ii" I" P 11 I' 16 Th d '. I I d I'd' 'f h 'f ' b 'd .~ . I" I l!sto ogy .. ~ .',,,. ese escnptJOns lave not pace emp"!asis on wgnosls 0 t e In ectlon Y J cntlulcatJon 0 tIle 

presence of the vacuolar inclusions seen in metaplastic squamous celis, In publications by Hare et of.5 and Paavonen et 

0/,(' the emphasis was rather Oil the follicular lymphoid innammatory infiltrate. Further, in the histologic studies of fJare 

ef aI, j and Crum et of 10 it was stressed that the mucinous epithelium was mainly affeded. The photographs shown in 

publications by Crum el 01 !O and Swanson el or! show intra-ceJlular vacuolar inclusions in histology sections similar to 

those revealed in Pap smears. However, CnJm et of found that the inclusions had not stained positively for Chlamydia 

trachomatis using IP. IO These authors rejected the use of vncuo!ar inclusions in squamous cells as a morphologic 

manifestation of Chlamydia I infection. 

Only a few attempts to corroborate morphologic diagnosis of Chlamydia infection by EM have been reported. 1 .. 1.1'1 On 

the one hand, (iupta et all and Swanson e{ al 4 had examined cervlcal tissues by EM and concluded that the organisms 

were indeed present in the vacuolar inclusions. The study by Henry et all'! only demonstrated Chlamydial organisms by 

EM in nebular type inclusions in metaplastic squamous cells lifted from Pap smears. The latter workers concluded that 

non-nebular vacuolar inclusions in these cells were not diagnostic. 

The majority of workers have nOl been able to convillcingly corroborate the reliability of a morphologic diagnosis of 

Chlamydial infection. The current attitude in medical practice to morphologic diagnosis of Chlamydial infections is 

summed up by C,Ut11 el ai:" "Whether these inclusion vacuoles can be identified and distinguished from 

noninfectious vacuoles, by histology or cytology, is controversial. Raising the suspicion of Chlamydia based 

on these changes alone is not recommended," 

The aim or the current morphologic study was to investigate this very question, The search for cases showing 

morphologic features of Chlamydial infection in Pap smears nnd tissue sections was based in part on the descriptions of 

several authors, 1(> 1n addition, the search criteria included features predicated by extrapolation of cytologic features to 

histology sections. Refined criteria would subsequently be tested agajnst a new expanded gold standard(s) using DNA 

testing as recommended by the CDC,7 

5.3 MATERIALS & METHODS 

5.3.1 PAP SMEARS 

Commencing on 2 January 1993 and ending on 31 December J 996, all Pap smears submitted for exarnination in the 

practice of Drs Penman, Kock & Knight (the practice) were critically screened for features suggestive of Chlamydial 

infection. Physicians in private practice in the Cape Peninsula, Cape Flats, Gordon's Bay, PaarL Somerset West., 

Stellenbosch, Strand and Worcester submitted specimens to the practice for routine examinatioll (Appendix A). Consent 

hom the patient to examine and do any appropriate further testing was obtained by the physician and included in the 

requisition form, Only the clinical, epidemiological and demographic information supplied on the request form by the 
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Figure 5.1. Mucinous endocervical cells stained 
with eosin (EA65) in Papanicolaou smears. 

Figure 5.3. The first stage of infection characterised 
by cells with cyanophilic cytoplasm with a "porous 
appearance" in the peri-nuclear region, occasionally 

the entire ce II affected. 

Figure 5.2. Single cells or small groups of two to six 
cells, 15 - 20mll in diameter , showing distinct 
outlines. 

Figure 5.4. Cells with finely granular, 
uniformly sized, coccoid bodies present in the 
rarified areas of cytoplasm. 
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doctor or clinic submftting the smear was available. In most cases, the age and the race of the patient were known. In 

some cases the dale of last menstrual period and on indication of hormonal therapy were given. Occasionally 

information about contraception was provided. This informat.ion and the reported findings were entered into the sfudy 

database for cytology specimens. It was not possible to assess [he socioeconomic status of these patients. However, all 

patients were paying a fee for the examination of the Pap smear, most of them by claiming frorn rnedical 

insuranceimedical aid funds. This presumed a socioeconomic status of middle range income or above, The racial 

distribution of cases was known in most cases. 

The first next Pap smear submitted to the lab after a smear showing evidence of Chlamydial infection was seJected as a 

control Pap smear. Control smears by definition did nor show changes of Chlamydial infeclion and could not be from 

the same patient nor be a repeat smear from a patient previousJy diagnosed with Chlamydial infection. 

Pap smears were stained using Papanicolaou Stain (Appendix B) using commercially available Harris haematoxylin, 

Eosin Alcohol 50 containing Eosin Y (EA50) and Orange G6 (OG6) applying the protocol recommended by Kossl' 

(Appelldix R). The EASO was used because intrn-cellular mucin in columnar endocervical cells stain pink in routine 

srnears, making identification of intracellular mucin possible without the use of special stains, (Figure 5.1). The smears 

were initially screened by one of two cyto-tec/mologists. Areas on the slide that showed changes suggestive of 

Chlamydial infection or diagnostic changes of other cyto-pathology were identified on the surface of the cover slip by 

black marks (cyto-technologist) or green marks (author) made fine tipped alcohol-soluble marking pens. 

Diagnostic criteria for screening the smears were strictly applied (vide infra). All srnears that according to these criteria 

showed evidence of inflammation with associated reacrive cellular changes, and all smears showing features associated 

with HPV infection with or without cervical intra-epithelial neoplasia (CIN) were fe-examined by the other technologist 

and then the writer. In addition, any smear submitted with a history of a previous diagnosis of a Chlamydial infection 

was reviewed by the writer, together with all of the previously submitted smears from that patient. All of the smears 

selected for control purposes were screened by both of the technologists and the writer. The findings reponed inchlded a 

statement of adequacy and of any evidence of infection by known pathogens and/or the presence of HPV infection. 20.21 

The grade of the any intra-epithelial neoplasia ("dysplasia") found was reponed using the long established CIN 

system.22
-
24 

The nomenclature of the newer Bethesda system') was not in use by the laboratory between 1993 and J 996 and was not 

used during rhe sLUdy. Consultation with the National Cancer Association, gynaecology oncologists running the 

colposcopy clinics in Cape Town, and \-\lith general practitioners submitting the majority of Pap smears revealed a 

preference at that time for the erN system. Their position was taken mainly because the Bethesda system had not been 

(and stlll has not been) recommended for reponing histology sections by the lmemmional Federation of Gynecologic 

Oncologists (FIGO). These practitioners indicated that use of the Bethesda nomenciahlre would cause confusion during 
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Figure 5.5. Nuclei of infected cells were 
"atypical." They were enlarged with mild 
hyperchromasia and undulated nuclear envelopes. 

Figure 5.7. Cells contaLrung single or multiple 
(vacuolar) "inclusion bodies" I to 2 mJ.l in 
diameter. 

Figure 5.6. Nuclear changes resembled "mild or 
moderate atypia" (CrN I or CrN II), or sometimes 
changes ascribed to folic acid deficiency. 

Figure 5.S. Inclusion bodies were uniform with 
crisp borders and frequently moulded or 
overlapped one another. 
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correlation smear reports with resu Its. 1 ntroduction of the Bethesda system was 

to the end of the attempts to establish a national smear screen programme. 

The presence of other was accord to established criteria. The recorded 

included 

mixed bacterial with Neisseria 

Gardnerella 

Trichomonas and 

with a shift In 

Virus. 

5.3.1 1 DIAGNOSTIC CRITERIA FOR DIAGNOSIS OF CHLAMYDIAL INFECTION IN PAP SMEARS 

Criteria for the of in fection were derived from two sources: ef al I and Sh i ina. 

The work Bernal et al evaluated the two sets of criteria put forward in these 

Criteria derived from el all 

A distillate of the ef al I resu Ited in the criteria for the of ia lin fection 

10 smears: 

an lic: and cells uncommon and follicular 

associated with the presence of 

infected cells, or smal groups of two to six cells, 5 20 mp in iameter and 

distinct 

infected cells mainly 

only columnar cells 

stage "1"'N/fln characterised 

in the 

cel but columnar cel also usually in some cases, 

"rarified" 

occasionally the entire cell 

infected cells granular. uniformly coccoid bodies present in the rarified areas of 

the coccoid bodies or lie: 

infected cells could be with four to nuclei that did 

not mould one multinucleated columnar cells uncommon; 

nuclei of infected cel classified as of cases, well 

and with undulated nuclear 

chromatin diffuse and cells , except that nucleoli rare and m 

both and columnar cells; 

nuclear resembl "mild or moderate I or CrN I or sometimes ascribed 

to folic acid 

characterised the presence in the of both 

organisms and "inclusion bodies"; 

eel contain or "inclusion bodies" to 2 m).1 in d 

inclusion bodies uniform with borders, moulded or 
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Figure 5.9. The "third stage of infeciion" was 
characterised by free-lying acidophilic dense 

aggregates of Chlamydia particles (- p) with 

multiple "inci.usion bodies" Oi ). 

Figure 5.11. Eosinophilic inclusions ranged in 
size from less than I mil to 15 mil in diameter. 
The inci.usion vacuoles showed a "thick margin" 
and contained numerous randomly distributed 
eosinophilic granular dot-like inclusions. 

Figure 5.10. Inclusion bodies contained a central 
basophilic or acidophilic condensation with a clear 
zone around them. 

Figure 5.12. Haematoxylinophilic inclusions 
similar to eosinophilic inci.usions, except that the 
dot-like inclusions are basophilic. 
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(n) a third stage of injectioJ') characterised by free-lying acidophilic and dense aggregates of Chlamydio 

p<lrticles with fllUltiple "inclusion bodies" (hgure 5.9); 

(0) inclusion bodtes conlaining a Cenlnll basophilic or a diffuse, unifonnly staining acidophilic condensation 

with [l clear zone around them, (Figure 5.10). 

In their discussion, Gupta e[ a/,: indicaled lilal caution \vas necessary in rnaking a diagnosis of ClllamydiaJ infection 

where mflammation w;]s present The suggestion th?l~ diHgnosis of infection can be made withoUl inflammation seems 

paradoxical (personal obserVtHion), Ie was noted rhnt inf1arnrnawry/degenemtive cytophlsrnic vacuoles could be 

confused with Chlar-nydial (vacuolar) "inclusion bodies. fndeed, Chlamydial inclusion bodjes were regiirded as 

degenerative in nature. However, because the morphology of inclusion bodies was distinct, they were cOllsidered to be 

diagnos[lcalJy useful. They recommended that inclusion bodies without the presence of intra-cyloplasmic coccoid bodies 

should [l0( be regarded as sufficient to diagnose tile infection. 

Criterin derived from Shiina :[ 

Shrin<:r2 focllsed attention on the morphology in Pap<lnicolaou stained smears oC the vacuolar inclusions associated with 

Chlamydia lrachomalis infection. These inclusions were classified into five groups according to morphology and 

sraining characteristics. Illustrations of lhese, both diagrammatic and in photomlcrographic; were ,1Vailable from the 

publlc8tion Jnd proved useful in applying the criteria: 

(n) inflammation with neutrophils onJy found in half cases confirmed to show Ch!anlydlal antigen; 

(b) eosinophilic inclusions ranging in size f,om less than I m~ to 15 mll in diameter. comprising a vacuole with 

<l "thick rnargin" containing 

(Figure 5.11)~ 

nUflicrOliS r:mdomly distributed eosinophilic granular dar-like inclusions, 

(c) hZlcmaloxylinophilic inclUSions similar ro cosi))Qphilic inclusions, except that the dot-like inclusions are 

bnsophilic (Figure 5.12); 

(d) nebular inclusions sirnilar "thick-walled" vacuoles, but much finer granular, haematoxylinophillc particles 

present within, (Figure 5. JJ); 

(e) granular central target formations comprising a vacuole with a centrally placed dense granular inclusion, the 

tillctoral characteristics of these inclusions (eosinophilic or haematOxylinophiiic) in Papanicolaou staining 

not rnentioned, (Figure 5.1 I); 

(fl homogeneous central tllrget inclusions comprising" vacuole with a cenlrally placed dense homogeneous 

inclusion, the tinctoral characteristics of these inclusions (eosinophilic or haematoxylinophilic) in 

PapElflicolaoli staining not mentioned (Figure 5.lf~); 

(g) mildly atypical nucJel with enlarged and hyperchromatic in half of smears positive for Chlamydlai antigen; 

(.h) nuclei showlng features of''repair'' in 8 quarter of C1:lses; 

(i) associated mild dysplasia (CIK I) in one case. 
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Figure 5.13. Nebular inclusions with similar 
"thick-walled" vacuoles, but much finer granular, 
haematoxylinophilic particles present within. 

Figure 5.15. Cells showing repair with enlarged 
nuclei, up to 5 times the size of normal 
intermediate cell nuclei, showing dispersed 
cleared chromatin and conspicuous red nucleoli. 

Figure 5.14. Homogeneous central target 
inclusions comprising a vacuole with a centrally 
placed dense homogeneous inclusion. 

Figure 5.16. Degenerative changes showing 
extensive cytoplasmic vacuolisation with multipJe, 
large vacuoles with smaller satellite vacuoles. 
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Shiina nared thar in 85 1)/0 of cases, cells that showed :lebul<lr inclusions stRined posirively for Chlamydial amigen us\ng 

Jr. Shiina ,"coarelec nebular inclusions to be specifically indicative of Chlamydia] infection. It is noted that all or the 

inclusion types described by Shiina appear to correspol1d to the third stage inclusions described by Gupta ef af( (personal 

observation). 

Evaluation of these criteria by Berna! et (If 

In 1989, Bernal ef of3 evaluated rhe morphologic Crilel"iil for the diagnosis orChlarnydial infection described by Gupta e{ 

ul l and by Shiina. 2 In this study, using the Micrott'Hk-Siv8 imrnuno-tluorescence test as a gold standard, Bernal et a/' 

showed the sensitivity of the cytologic criteria enunci{!ted by Gupta e/ at was J 9 % and specificity was 86 %. Similarly, 

the sensitivity of tht: criteria set by Shjina was 38 % :mel the specificity was 91 'Yo. 

5<3< 1.2 SEPARHION OF ClILAMVDlAL CHANCES FHOM REACTIVE, DECE~ERHIVE & INflAMMATORY CHANGES 

Reactive, degenerative and inflammatory cbanges indicative of an inflammatory process were to be expected in 

Chlamydial cervicitis as with any other cause of inflarnmi'ltiofl. [t was therefore necessary to characterise intlammatory 

changes in order to identify features peculiar to Chlamydial infection if possible. The following criteria identifying 

intlammation were raken from standard cytology textbook literature: :n.28 

Reactive and reparative 

Reactive or reparative cells were recognised by feJtures £1ssociated with active celtular metabo!ism, in panicular the 

production of proteins. SpeCific features of protein lT1elabolism included the presence of nucleoli di(ecting cytoplasmic 

ribosomal R:\A (rRNA) which causes cytoplasmic b(lsophilia. The features used during the study were: 

(I) enlarged nuclei, up to 5 times the size of normal intermediate cell nuclei, showing dIspersed cleared 

chrommin, (Figure 5.15); 

("I) the presence of well denned nucleoli; 27 

(1) basophilic or cyanophilIC staining ofcytorlasm due to tile presence of ribosomes in the cen (rRNJ\); 27 

(4) increased numbers of mitoses. 

(5) clusters of small young metaplastic cells, clwcacreristically smaller than rnature cells. 27 

Degenerative changes in cytoplasm due to cell injut"yn 

Vacuoles occurring in a Pap smear showing inflammatory changes were described in KOSS27 as "inflammatory vacuoles." 

He regarded inflammatory vacuoles to be "a comn:on y encountered phenomenon" the "mechanism of which lS not 

clear." Fros[-_?~ believed that inflammatory vacuoles were hydropic, indicaling accumulation of water in the cytoplasm 

due to impaired cel! function. Both speculated that these vacuoles were indicative of severe cellular injury, heralding 

cell death. Although, neither author offered (J pr-.:cise descriprion of inflammatory vacuoles, Koss did describe 

degener(ltive vacuoles.17 FW1her, it seerns that these aurhors showed no distinction between "inflammatory" vacuoles 

a:1d "degenera1ive'· vacuoles, and used thc tcrms inrercilangeably. In order to avoid confusion berween observers in the 



Univ
ers

ity
 of

 C
ap

e T
ow

n
Figure 5.17. Fatty change due to accumulation of 
lipid droplets, recognised by the presence of 
"foamy" aggregates of numerous small, frequently 
fuzzy vacuoles, usually in epithelial cells. 

Figure 5.19. Lipid usually found in macrophages, 
but sometimes also extra-cellular, usually 
associated with use of vaginal lubricant or cream­
based medication. 

Figure 5.18. Phagocytic vacuoles containing lipid 
usually found in macrophages, and recognised by 
the presence of numerous fine vacuoles imparting 
a lacy or "foamy" appearance to the cells. 

Figure 5.20. Talc granules occasionally seen 
within macrophages, usually found free-lying on 
top of metaplastic squamous cells and 
superficially resembling vacuoles. The talc 
granules characterised by a centrally situated 
refractile Maltese cross. 
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labol'?l!_ory, clear distinction hetween the. terms intlammntory and degenerative vacuoles was made. Inflammatory 

v?lcuo!es were dc.fJned as vacuoles that contained neutrophils or neub'ophij debris, Degenerative vacuoles were defined 

as occurring in a situ1'ltion of eel I injury, including inflammntiol'l, and associated with other signs of cellular degeneration 

Femmes regarded as indicating degeneralive cellular clwnges were: 

(I) extensive cytoplasmic v?lcuolisation witllll1llhiple, p?lrticularly large vacuoles ,,villi smaller sCltellite vacuoles, 

(Figure 5.16);]7 

(2) fatty change due to accumulation of lipid droplets, recognised by the presence Df "foarny" aggregates of 

numerous small, frequently fuzzy vacuoles, usually in epithelial cells, (Figure 5.17):17 

(3) phagocytic vacuoles containing lipid (often a vaginal lubricant ()r cream-based medication), usually found in 

m(lcrophages, and recognised by the presence of numerous fine vacuoles imparting a lacy or "foarny" 

(lppearance to the celis, (Figure 5. J 8) somctimes also extra-cellular) (Figure 5.19); 27 

(4) phagocytic vacuoles containing recognis(1ble foreign material, frequently laic granules seen within both 

tnDcrophilges and metaplastic SqUJlllOUS cells. The talc granules characterised by a ce:1tr<-llly situated 

refractile Maltese cross. Usually JSSOCiZHed with free-lying talc granules. some on fOp of cells, superficially 

resembling phagocytic vacuoles, (Figure 5.20); 

(5) vacuoles containing mucin, showing a cyanophilic .hyaline inclusion2o
).9 thtH occupied most of the 

vacuole (ie. without a clear space around the inclusion) 

and st3!ned positively with mucicarmine or PAS diastase, (Figure S.2i); 

(6) inllarflrflCltory vacuoles, recognised by the presence of neutrophils or leucocytoclastic debris within the 

vacuole, found in nOlh macrophages and r2pilheiial cells, (Figure 5.22). 

Degener:Ative nuclear clHH1ge.s due to cell injury 272~ 

(1) nuclear enlargement seen with marked infltlmmation, (Figure 5.l6); 

(2) not associated with nuclear hyperchromasia; 

(3) absence of irregular nuclear contours in int<lcr nuclei; 

(4) absence of nucleoli; 

(5) nuclear enlargement frequently <:Jssocimed with cytoplasmic vacuolisation. 

Changes :Attributed to cell death 

( I) fr<lgmenmtion of cells with fragrnentation of (be entire cell; 

(2) progressive nuclear disintegration with Chat"(lCleristic stages pyknosis. karyorrhexis and kQlyo/ysis present in 

adjacent cells, (Pigure 27 

(:1) pyknOSis manifested by a darkly staining, condensed, homogenous slightly small nucleus; 

(4) karyorrhexis '-.-vith fragmentation of pyknotic nuclei; 

(5) k{/lyo~ysis \vith dissolution of the nucleus: 
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Figure 5.21. Mucin vacuole seen in a lobular 
carcinoma of breast, showing a cyanophilic 
hyaline inclusion- occupying most of the vacuole 
(ie. without a clear space around the inclusion). 

Figure 5.23. Cell death manifested by shrunken, 
prominent appearing cells with intensely stained 
nuclei and cytoplasm. Nuclear pyknosis (P) with 
absence of nucleoli, condensed, hyalinised, 
homogenous, intensely staining cell cytoplasm, 
usually intensely orangiophilic with the 
Papanicolaou stain, but occasionally intensely 
cyanophilic. Nuclear karyorrhexis (k) in a 
degenerate cells. 

Figure 5.22. Inflammatory vacuoles, recognised 
by the presence of neutrophils or leucocytoclastic 
debris within the vacuole, found in both 
macro phages and epithelial cells 

Figure 5.24. Apoptosis with shrinkage of the 
nucleus and development of intense pyknosis (P). 
Cells show cytoplasmic condensation with intense 
orangeophilia (0) and there is phagocytosis of 
membrane-bound cell fragments (apoptotic 
bodies) by the adjacent epithelial cells or 
macrophages. 
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(6) absence of nucleoli; 27 

(7) shrunken, prominent appearing cells wirh intensely stained nuclei and cytoplasm:?7 

(8) condensed, hyalinised, homogenous, intensely st8ining cell cytoplasm, eosinophilic with the HE stain, usually 

intensely orangiophilic with the Papanicolaou stain, but occasionally intensely cyanophilic, 

5.23); 27 

(Figure 

(9) multiple cytoplasmic vacuoles with fuzzy outlines distinguished from well-defined Chlamydia I vacuoles; 27 

A poptosi, 

Characteristic progressive nuclear and cytoplasmic changes: 3C.SI 

(I) dtfferent stages present in cells in the stlmc or adjacent microscopic fields; J7 

(2) commencing with condensmion ofchrom8tin at tlte periphery of the nucleus; 

(J) dissolution of the nuclcolus: )0.31 

(4) shrinkage of the nucleus with development of intense pyknosis~ :'0 . .11 

(5) cytoplasmic condensation with intense orangeophilia or eosinophilia; 27 

(6) finally, cell shrinkage and disintegration; ,0)1 

(7) phagocytosis of merllhrane-bound cell fragments (apopwric bodies) hy the adjncent epithelinl cells or 

f1l3crophages (Figure 5.24); JO)1 

(8) .?1poprotic bodies appenring 85 small intraccllulnr vacuolar inclusions containing relatively large, complexly 

staining cell fragments with pyknotic nuclenr fragments and/or orangiophilic cytoplZlsmic remn;wts; r 

(9) apoploric bodies distinguished from Chlamydial inclusions by the narrow vacuobr space surroundtng the 

inclusion; 

(10) complex apoptottC bodies disSlmitar from the characteristic Chlamydial Intra-vacuolar inclusion bodies 

(compare Figures 5.22 & 5.24). 

Acute lnl1ammatory changes 17 

An inflammatory exudate, together with evidence of both injury/degeneration of cells and regenerative/reparative 

changes, were the most important tndicators of vaginitis or cervicitis. (1nflammatory cells also present in premenstrual 

<'lnd mcnstt"u8Ismears.) During the study, the following cellular challges were ascribed to infiarnrnalion: 

Superficial and intermediate cells 27 

(I) necrosis of superficial and intermediate cells: 

(2) enlarged, "blown-up" nuclei with loss of nuclear detail (Figure 5.25); 

(3) nuclear pyknosis and karyorrhexis (Figure S.25); 

(4) nmTOw 7.one of peri-nuclear cytoplasmic clearing/pallor due 10 reduced intensity of staining; 

(5) occasion<'lily bi-nucleation or cells. 
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Figure 5.25 Necrosis of superficial and 
intermediate cells showing enlarged, "blown-up" 
nuclei with loss of nuclear detail, nuclear pyknosis 
and karyorrhexis and degenerative cytoplasmic 
vacuolation. 

Figure 5.27. Inflammatory changes in a cohesive 
clusters of endocervical cells of variable size, with 
enlarged nuclei. 

Figure 5.26. Aggregates or sheets of viable, 
basophilic para-basal cells showing "spongiotic 
change." The cell groups show wide inter-cellular 
spaces and long cytoplasmic extensions at the sites 
of desmosomes between the cells (indicating intra­
epithelial oedema). 

Figure 5.28. Mucinous endocervical cells 
showing inflammatory changes with enlarged 
nuclei and one or more large red nucleoli (T). 
These changes may be confused with malignant 
changes. 
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Para-basal cells: 27 

(I) physiologic increase in numbers of para-basal cells replacing Ihe losses of superficial and intermediate cells: 

(2) rounded dead para~basal cells lying singly or in clusters, the cells showing contracted, USU1;lUy intensely 

or8ngiophilic cyLopJasm, sometimes containing fULZY irregular cytoplasmic vacuoles; (Figure 5,25); 

(3) aggregates or sheets of viable, basophilic para-basal cells containing cyroplasmic ribosomes. These 

aggregates showed wide inter-cellular SP,lCCS 8nd long cytoplasmic extensions at the sites of desmosomes 

between the cetls ("sponglotic change" due to intra-epithelial oedema), (Figure 5.26): 

(1) enlarged nudei wlth numerous chromocentres or even small slngle nucleoli indicating active cellular 

metabolism: 

(5) occasional bi-nucleate or multlnucleate para-basal cells; 

endocervical (mucinous) cells n 

(!) cohesive clusters of cells showing variable size, sometimes striking enlargement of cells, (Figure ).27); 

(2) enlarged nuclei with numerous chromocentres and one or more large red nucleoli, sometimes confused with 

malignant changes, (Figure 5.28); 

(3) mitoses; 

(4) multtnucleation of cells; 

(5) bare nuclei, showing a similar appearances to nllclei within whole cells; 

(6) occasional degenerate mucinous cells with pyknotic nuclei; 

(7) fuzzy, small cytoplasmic vacuoles. 

"~al"ges 27 Chronic Inflammatory '!..-. 

(1) parakermosis, man ifestcd by very small nucleated mature squamous cells with orangeoph i lie cytoplasm and 

sllli:lll, eccentric pyknotic nuclei, (Figure 5.29); 

(2) basal ceJl hyperplasia, (or "reserve cell" hyperplasia) with small clusters of small basaloid cells with scanty 

cytoplasm and hyperchromatic small nuclei, often with mature mucinous cells adherent to the periphery of 

these cell groups; 

(3) sheets of metaplastic squamous cells \'lith enlarged nucle), prominent nucleoli and eosinophilic or 

cyanophilic cytoplasm. The metaplastic cells widc\y spaced with weJJ-defjncd ccn membranes and angular 

ccl! profiles resembling paving stones. Somctimes fine cytoplasmic "prickles" bddging the spaces between 

cells (desmosomes), (Figllre 5.30); 

(4) metaplastic cells frequently adherent to clusters of mucinous cells, with cells showing varying degrees of 

transition between squamous cells and mucinous cells. Some meti:lpli:lstic cells with llumerous smi:lll 

cytoplasmic vacuoles "nearly always positive with special stains for mucins," (Figure 5.3!); .11 

(5) ncutrophils, present in vacuoles in metaplastic cells and between metaplastic cells? (figure 5.22 & 5.32); 

(6) atypical metaplastic ceJls with bi-nucleation of cells, hyperchmmasia of nuclei: i7 

(7) reparative metaplastic cells with enlarged, hypo-chromatic nuclei and multiple large iJnd prominent nucleoli; 
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Figure 5.29. Chronic inflammatory changes 
manifested by parakeratosis, very small nucleated 
mature squamous cells with orangeophilic 
cytoplasm and small, eccentric pykr:otic nuclei. 

Figure 5.31. Chronic inflammation frequently 
associated with metaplastic cells adherent to clusters 
of mucinous cells (Pink), with cells showing varying 
degrees of transition between squamous cells and 
mucinous cells. 

Figure 5.30. Chronic inflanunation showing 
sheets of widely spaced metaplastic squamous 
cells with enlarged nuclei, prominent nucleoli. 
Well-defined cell membranes, angular cell profiles 
and fine cytoplasmic "prickles" bridging inter­
cellular spaces (desmosomes). 

Figure 5.32. Chronic inflanunation with 
neutrophils present between metaplastic cells and 
in vacuoles in metaplastic cells (insert from Figure 
5.22). 
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(8) follicular cerviciris showing clus(ers of !"('act!ve lymphocytes including follicle centcr cells, !l1i:icrophagcs 

comaining phagocyLic bodies, thought to be linked with Chlamydia] infectlon;IO.I2. 27 

(9) plasma cell inflammatory infiltrates; 

(J 0) in nitrates of large monO-LilIC lesled 01" multi-nucleated macro phages, showing phegocyric feelu res, 

(11) granulation tissue chnr3ctcriscd by degenerate necrotic epithelial cells, inflammatory cells, macrophages and 

occasional elongated fibroblasts (hgure 5.34). 

5,3,1,3 CRITEfllA fOR HlE RECOGNITIO'l OF (H'-\~GES Dn; TO J"H)W~ PATHOGENS 

Reco~~ni!ion of an infection by cornrnoflly encoun[creu v8ginal pathogens is frequent during the eX(Jminmion of [)ap 

Slllems. Cases showing bOlh ChlJn1ydial infection ,md fealures of vaginitis or cervicitis due to other recognisable 

pmhogens were recorded as showing dual pathologies (Appendix A). The organisms recorded were recognized 

according to the cr iteria of KOSS26 <md included reactive changes associated with specific pathogens: 

(I) AClinom.vces species, recognised by the presence of aggregates of fi lamentoLls basophilic bacleria, sometimes 

showing Lerminal spores, and frequently associated with a history of use of an intra-uterine contraceptive 

device; 

(2) Cundl(ia species infection with budding yeasts and pseudo~hyphae formed by germ tubes, i1 variable 

inflammatory exudate, and frequenUy associated \vith mild hypo-chromatic nUClear enlargement with 

condensation and increased orangeophili8 of superficial squamous cells, (Figure 5.35): 2;, 

(3) G(rrdnere//a vagina/is assoc!Jted with proliferation of anaerobes ("shift in vaginal flora") with small 

coccDbacilli adherent to squamous cells ("clue cells'').~2 If severe, associated with an intlammatolY exudate, 

cytolysis of superficial and intermediate squamous ceHs and reactive OJ reparative changes in mucinous and 

metaplastic squamous cells, (Figure 5.36);> 

(4) Neisseria gonorrhoeae infection, suspeced ,,,,hen small coffee-bean shaped diplococci adherenl w the surface 

or cells Zlnd within the cytoplasm of neurrop 1ils and squamous cells; 16 

(5) Trichomonas vagtnaLis infection recognis.;:(l by the presence of grey flagellate org(lf1isms vmying between 8 

(lild 20 niL! in size, with cellular changes ~I~cluding eosinophilia of squamous cells, small perinuclear halos in 

sl;uarnes, cytolysis, an inflammatory exudate, and atypia Df cells, that especially in postmenopausal atrophy 

may cause confusion with dysplasia, (Figure 5.37);26 

(6) /lopes Simplex Virus (HSV) with characteristic nuclear enlargemcnt (up to 60 !11IJ in size), mosaicism due to 

moulding of multiple nuclei in squamous cells, vacliol<ltion of the nuclei and accumulation of viral panicles 

resulting in typical intra-nuclcar eosinophilic viral inclusions (Cowdry's type A). Associa1ed with 

degenerative cells showing bizarre hypei"chrornmic fused nuclei or pearls of cens showing cyloker<1tin, 26 

c8sily confused with malignanr squ<lmolls celis, (Ftgurc 5.38); 

(7) Human Pc/pi/loma Virus (HPV) (vide it!/i"CI). 
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Figure 5.33. Chronic inflammation with large 
mono-nucleated or multi-nucleated macrophages, 
showing phagocytic features. 

Figure 5.35. Candida species infection with 
pseudo-hyphae and a variable inflammatory 
exudate. Frequently superficial squamous cells 
show mild hypo-chromatic nuclear enlargement 
with condensed orangeophilic cytoplasm (insert). 

Figure 5.34 Granulation tissue characterised by 
degenerate necrotic epithelial cells, inflammatory 
cells, macrophages and occasional elongated 
fibroblasts. 

Figure 5.36. Gardnerella vaginalis associated 
with proliferation of anaerobes manifest by small 
coccobacilli, an inflammatory exudate, cytolysis 
of superficial and intermediate squamous cells 
(arrow) and reactive or reparative changes In 

mucinous and metaplastic squamous cells, 
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5.3.L4 CRIT£RLA FOR THE RECOGNJTION OF CH.'NGES ASSOCIATED WlTH HPV INFECTION 

Cases showing the features of both Chlamydial infection and HPV infection 211,2i with or without dysplasia (CiN) 21.25 

were recorded as showing duaJ pathologies. Other cases selected for contTol purposes showed evidence of HPV 

infection without Chlamydial infection, 

Changes defining HPV 

Recognition of HPV infection was according to the criteria of !'v1cisels el aI, 20,21 of Richart22 and Kurman & Solomon. 1
) 

The features regarded as diagnostic of HPV infection included the following changes: 

C . h 20)1 2~ _ytop!osmlC c anges: ,-,-

(I) cells showing distinct cytoplasmic borders and by de fin itron showing nuclear atypia (vide infra): 

(2) cells originating in both the superficial (eosinophilic cytoplasm) and the intermediate Jayers (cyanophilic 

cytoplasm) of the epithelium, either arranged in sheets or occurring as single cells; 

(3) "koilocytic" changes in a proportion of cells, characterised by a peri-nuclear halo surrounded by a condensed 

rim ,,("cytoplasm. and by definition, eharoereristie atypia "frhc nuclei, (Figure 5.39); 

(4) a proportion of smail parakeratotic cells showing intense orangeophi!ic staining of cytoplasm. The nuclei of 

these cells smaller than those of koilocytic cells, but relative to the size of the cell, large with intensely dark) 

smudged chromatin and ilTegular contours, (Figure 5AO); 

(5) occasional very large cells similar in size to superficial cells with characteristic nuclear atypia, binucleation, 

tnU Itinucleation or giant nuclei (Figure 5.40). 

Nuclear changes 20,21. 2S 

(I) superficial and intermediate cells showing enlarged nuclei, by defm~tion ;n three or rnore times the size of 

norma! interrnediate cell nuclei, resulting in 8n increased nuclear/cytoplasmic ratio) (Figure SAl); 

(2) nuclei showing variation in size and shape, occasionally bi·-nucleare, Or multi-nucleate or irregular giant 

nuclei cells present; 

(3) the nuclear outlines distinct or smudged; 

(4) cells with distinct nuclear membranes showing irregular "crumpled" nuclei with uniformly distributed, hyper­

chromatic, slightly coarse chromatin without nucleoli; 

( 5) 

(6 ) 

5.3.1.5 

cells with ill-defined nuciear membranes showing dark. smudged chromatin without nucleOli, (Figure 5.41): 

nucleoli very rarely present, and if ever seen, very srnall and inconspicuous. 

CRITERIA fOR THE RECOGNITION OF COINcmE,~TAL ClN I, II & III IN CHIAM\,DIAL INFECTION 

Cases showing the features of both Chlamydial infection and C1N 21
-
25 were recorded as showing dual pathologies. It was 

irnportant to recognise these cases so that nuclear atypia due to Chlamydia could be characterised and separated from 

ClN. Cases showing features ofinvaslve carcinoma \vere excluded from the study. 
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Figure 5.37. Trichomonas vaginalis infection 
recognised by the presence of grey flagellate 
organisms between 8 and 20 mi-! in size. Cellular 
changes include small perinuclear halos in 
squames, an inflammatory exudate, and atypia of 
cells that may be confused with dysplasia. 

Figure 5.39. "Koilocytic" changes in superficial 
and intermediate squamous cells characterised by 
peri-nuclear halos surrounded by a condensed rim 
of cytoplasm, and by definition, characteristically 
enlarged nuclei with irregular "crumpled" nuclear 
membranes. 

Figure 5.38. Herpes Simplex Virus with 
characteristic nuclear enlargement (up to 60 mi-! in 
size) and mosaicism due to moulding of multiple 
nuclei in squamous cells. Typical intra-nuclear 
eosinophilic viral inclusions (Cowdry's type A). 

Figure 5.40. Small parakeratotic cells showing 
intense orangeophilic staining of cytoplasm. The 
nuclei of these cells smaJler than those of 
koilocytic cells, but relative to the size of the cell, 
large with intensely dark, smudged chromatin and 
irregular contours. 
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Changes defining ClN \12.15 

(.);Ioplasmic chanf!,es: 

86 

(I) affected cells frequently single cells, or JIT8t1ged in loosely aggregated clusters or occasionally as cohesive 

groups, (Figure 5.42); 

(2) characteristic condensation and intensely orangeophilic cytoplasm (Figore 5.42); 

(3) cells show inconspicuous plasma membranes when in cohesive groups; 

(4) ce))s variable size, but usually less than one third ofthc size ofnorrnal intermediate 

(5) cells irregularly shaped, usually with angular or elongated contours (Figure 5.421. 

Nuc/car changes: 

(I) nuclei enlarged, by defillilion15 more thrm three times (he size of normat lntermediate cell nuclei, 

(Figure 5A2); 

(2) nuclei, by definition25 less than half of the diameter of the widest cell diarneter; 

nudei vary in size and shape; 

(3) the nuclear contours distinct with irregular. thickened nuclear mernbranes; 

(4) nuclei show uniformly distributed, hyper-chromatic) coarse chromatin: 

(5) nucleoli not present; 

(6) some cells showing ill-defined nuclear membranes with dark, smudged chrommin resembling rhe nuclei of 

HPV-infected cells. 

Changes Cl1'\ 1122 25 

Cyloplusmic' changes: 

(I) ceils smailer than in LSIL; 

0) cells occur singly, in sheets or syncytial aggregates. (Figure 5.'13); 

(3) some mature cells with marked keratinisation orangeophlJic; 

(4) mostly immature squamous cells wirh lacy or dense basophilic cytoplasm; 

Nuclear chan;::es: 

(1) nuclei enlarged, more than three times the size of normal intermediate cell nuclei., (Figure 5.44) ; 

(2) nuclear size characteristically variHble; 

(3) enlarged nuclei, by definition 2
:> more than halflhe diameter of the widest cell diameter (Figure 5.44) ; 

(4) some nuclei less than three times the size of intermediate ceHs, but still more than half of the diameter of the 

widest cell djarneter; 

(5) nuclei show sharply irregular, angular, knobbly contours (Figure 5.43, 44); 

(6) nuclei generally darkly hyperchromatic; 

(7) chrornatin evenly dispersed, sometimes smudged or granular; 

(8) nucleoli not present. 
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Figure 5.41. HPY change in superficial and 
intennediate cells showing enlarged nuclei, three 
or more times the size of nonnal intennediate cell 
nuclei, with variation in size and shape, 
occasionally bi-nucleate, or multi-nucleate. The 
nuclear outlines distinct or smudged. 

Figure 5.43. CfN II with cells in sheets or 
syncytial aggregates of mature cells with marked 
orangeophilic keratinisation. Nuclei darkly 
hyperchromatic, characteristically variably 
enlarged, by definition more than three times the 
size of intennediate cells (j) nuclei sharply 
irregular, angular, knobbly contours. 

Figure 5.42 CIN I, frequently single cells, or 
arranged in loosely aggregated clusters, but 
occasionally as cohesive groups. Cells intensely 
orangeophilic, usually less than one third of the 
size of normal intennediate cells, irregularly 
shaped, usually with angular or elongated 
contours. 

Figure 5.44. CIN II with immature squamous 
cells showing lacy or dense basophilic cytoplasm 
(--» with enlarged nuclei, by definition more than 
half the diameter of the widest cell diameter; and, 
chromatin evenly dispersed, sometimes smudged 
or granular (j). 
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CINH 

(I cells usually smaller than in CIN I and ClN II, 

cells usually in sheets or aggregates but may lie 

cells immature squamous features with scant ic without keratin 

with ilic 

Nuclear 

( I ) nuclei definition more than three times the size normal intermediate cell 
25 

en more than halfofthe diameter the widest cell 

some cells show smaller nuclei than three times the size of intermediate cel but the nuclei still more 

than ha I f of the diameter of the widest ce II d 

nuclei ovoid or and show lar contours; 

the size of nuclei within the cel groups usually markedly 

nuclei may show uniform size and contour, 5 

nuclei Iy 

the chromatin and 

nucleoli not 

5.3.1.6 CRITERIA FOR TI-IE RECOGNITION OF COI"'lCIOENTAL 

a of cases of squamous cells in wh ich it was not to make a 

firm of H PV or CIN or CIl infection. These cases were the 

squamous cells of uncertain infection showed cells 

with more severe than usual for infection alone, but not sufficient to d HPV 

infection or CIN. These cases were recorded as dual of Ch infection and ASCUS. Criteria 

ASCUS had been defined in The Bethesda 

( I absence of 

infection or CIN 

in cells with mild of nuclei not sufficient to meet the criteria of H PV 

without characteristic 

cells without characteristic 

of the nuclei 

of the 
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Figure 5.45. CrN III in syncytial aggregates of 
immature squamous cells with scant basophilic 
non-keratinised cytoplasm. Nuclei enlarged, 
elongated, fairly uniform in size with markedly 
irregular contours, coarsely granular, evenly 
dispersed hyperchromatic chromatin. 

Figure 5.47. ASCUS showing immature 
squamous cells with abundant cytoplasm. The 
nuclei are enlarged (two and a half but not more 
than three times the size of nonnal intermediate 
squamous cell nuclei), with smooth nuclear 
outlines and evenly dispersed fine chromatin. 

Figure 5.46. ASCUS resembling HPY change 
showing "koilocytoid" features without sufficient 
atypia of the nucleus which is neither 
hyperchromatic, nor smudged nor irregular in 
contour. 

Figure 5.48. ASCUS showing immature 
squamous cells with scanty cytoplasm resembling 
CIN III. Nnuc1ei are enlarged with marked 
variation in size. Note the mild irregularity of 
nuclear outlines and mild disturbance of the 
chromatin which is not coarsely granular nor 
hyperchromatic (cf. Figure 5.45). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

88 

/,,illciear changes: 

(I) nuclear enlargement, by definition:::5 
tW(l <lnn n h?llf bur not mOre than three times the si/_c or normal 

intermediate sgu(jrnous cell nuclei, (Figme ).47, 5,48); 

(2) 

(3 ) 

(4 ) 

(5) 

5.3.1.7 

v8riation in the size and ShilpC of nuclei (Figure 5.48); 

smooth nllclear outline with vety limlted irreglilill"iry(Figure 5A7); 

bi-nucleation of cells; 

mild hypcrchromasia bur evenly dispersed chromatin without gr?!nul(lriry (Figure 5.48). 

RECOGNITION OF CHA 'lGES 'N F'lIlOCEllV,e'L Oll E'lDOMETRIAL GLA'lDIiLAll CELLS 

Benign mucinous endocervical cells with or without reactlve changes nre important indicators th(:lt the transition(ll zone 

has been adequately sampled.19.~5 A statement regarding the presence or absence of endocervical cells was regnrded as 

fin essential comment retleciing the adequacy of the slm:ar. 2
;' Re!1clive or alypical endocervical cells are frequently seen 

in inflalTllTla!ory smears26 (Figure 5.49) and were found as part of lhe spectrum of changes associlJted with Chlamydial 

infection. Occasionally, mucinous cells could be confused "vith cells showing vHcuolrlr changes ann entered into the 

differential diIJgnosis ofChlamydiiJl infection. Criteria for the recognitlon ofmuclnous ennocervical cells were defined 

(vide supro Acute changes). 

Benign endometrial cells in Pap smears may shO\v degenerative changes wilh vacuolation,::) [e was necesS8ry to deilne 

critert3 for the recognltion of benign endometrial cells. Further, malignam glandular cells have been shown to contalr. 

mucinolls inclusions within v3cuoles?9 Therefore it was important to careful!y examine any cases found during the 

study to show evidence of both Chlamydial infection and endocervical adenocarcinoma in siru (A!S), endocervical 

adenocarcinoma or endometrial (:ldenocmcinoma. Ciliated endocervical cells fllny occur normally, but ciliated glnndu!.:1r 

cells showing "tuba!" metaplasia are notoriously confused with AIS 25 and required dei1nition. In a.ddition. changes 

suspicious for but indeterminate for AIS or adenocarcinoma were designated atypical glnnduiar cells of uncertain 

significance (AGUS). 

Fe8tures of benign endometrial cells ill Pap smears2:'> 

C:vtoplosmic features: 

(J) small darkly staining epithelial cells in small three-dimensional clusters, less comrnonly ~jllgle cel[s, when 

shed from the endometrial cavity; 

(2) small darkly staining epitheJ);~d cells in sheets when sampled directly using brush samplers; 

(3) ill-defined epithelial ceU borders with scanry bnsophillc cytoplasm, sometimes vacuolated; 

(4) rOllnd or ovsl stromal cells with scanty pale basophilic cytoplasm, singly or in sheets; 

(5) stromal cells with decidual changes showing. abundant foamy cytoplasm resembling mIJcrophages. 
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Figure 5.49. Reactive mucinous endocervical 
cells showing eosinophilic mucin when stained 
with Pap satin using EA50. Nuclei are round or 
slightly oval, enlarged, with a mildly disturbed 
chromatin pattern. Compare tinctoral differences 
between cells stained with EA50 (Fig 5.49) and 
EA65 (Fig 5.50). 

Figure 5.51. AIS showing hyper-cellular cluster 
with absence of the normal honeycomb pattern. 
The enlarged nuclei vary in size and shape, are 
crowded and overlapping, elongated and show 
granular dark chromatin with small or 
inconspicuous nucleoli. Stratification and 
palisading of nuclei, sometimes protruding at the 
periphery of cell group causes a "feathered" 
appearance. 

Figure 5.50. A1S showing spindle-shaped 
glandular cells in rosettes with loss of the normal 
honeycomb arrangement. Cells show scanty, grey­
blue staining cytoplasm (pap stain using EA65). 

Nuclei show enlarged, elongated, irregular 
contours and are coarsely hyperchromatic. 

Figure 5.52. Ciliated metaplastic endocervical 
cells in strips, with cellular crowding and loss of 
honeycomb arrangement. Cells show cyanophilic 
cytoplasm with ill-defined cytoplasmic borders. 
Nuclei are relatively uniform in size and shape, 
enlarged, oval to round, normo-chromatic with 
small or inconspicuous nucleoli. The absence of 
stratification, palisading, rosettes and "feathered" 
appearance is noted. 
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(I) ial cells: small, rounded similar in size to nuclei of normal intermediate cells, with 

small 

stroma cells: lie with folds in the nuclear membrane. 

endocervical AIS 25 

endocervical cells features of A I S may be associated with HPV-related squamous 

abnormalities or CIN in 25 to 30% of cases. 26 

( ) groups of lar cells more abundant than is usual in a smear; 

cells in sheets, and rosettes, abnormal because of cellular 

<I) 

with loss of the normal 

stain with with ill-defined borders 

en nuclei with 

crowded with absence of the nonnai 

variation in size and 

stratification and of 

a "feathered" appearance 

granu lar dark small or 

mitoses sometimes seen. 

5.51 ); 

sometimes with nuclei 

5.51) ; 

5.48 and 

at the 

Features of ciliated cell "tubal" in 

1 ) 

(1 ) 

groups of 

cells in 

of cells; 

and characteristically ci I 

abnormal because of cellular 

with ill-defined IC 

oval to round normo-chromatic nuclei with ic 

crowded with absence of the nonnal 

uniform size and of nuclei; 

stratification and of 

absence of rosettes and absence of a "feathered" appearance; 

or 

of cell groups 

with loss of the normal 
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(5) finely granular chrornalin, small or inconspicuous nuclei; 

(6) miloses not commonly seen. 

Ch~nges defining endoc€rvic~1 ~denocarcinoma 

Changes associated with adcnocarcinornn of the endocervix include those found in AIS. Endocervical adenocarcinoma 

is also frequently associated with HPV~relatcd squamous abnonna.lities or CIN. i\dditiona' features include: 

C)J{oplasmic features. 

(I) single cells, nat strips of cells and three,dimensional clusters of eells, (Figure 5.53); 

(2) polygonal or columnar cells with eosinophilic or cyanoph~lic cylOpfJsm; 

(3) sometimes a necrotic tumour diathesis; 

(4) apopwtic bodies; 

/Vuclem features: 

(J) enlarged QV<ll or irregular nuclei with high nuciear/cytopla5mic t"ntios (Figure 5.53); 

(2) crowded overlapping nuclei, with absence of the nomlal honeycomb pattern: 

(3) variation in size and shape of nuclei showi ng irregular chromati n dislri but ion wi lh parachromatin clearing; 

(4) prominent irregularly shaped macr0nucleoli. 

Changes defining endometrial adenocarcinomfll 

Cens from endometrial adenocarcinoroa are generally scanty in Pap srnears. In addition, it may not be possible to 

separate wen·differentiated endometrial adenocarcinoma from benign endometrial cells on cytologic appearances. 

C:vrop/asmic /eafures: 

(I) small dyscoheslve clusters or single cells; 

(2) small cells with scant, typically vacuolated cytoplasm; 

(3) tumour diathesis with apoptotic bodies and characteristic foamy tTlacrophages; 

(4) neutrophils within epithelial clusters, appearing ingested. 

Nuclear/eafllfe::;: 

(I) variably enlarged irregular nuclei with loss of nuclear polarity, depending on the degree of tumour 

di fferentiation; 

(2) tllo<ierate hyperchrornasia of nuclei, parachromatin clearing with variable nucleoli, depending on tumour 

di fferenti ahon. 

Changes defining AGUS 

Alypical glandular cells, either of en do cervi cat or en<iornetrial origin, were included in this group. AC;US was defined as 

cells showing nucleu changes exceeding in severity those of reactive or reparative changes, bu: not obviously malignant. 
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AGUS endocervical 

Cytoplasmic features: 

(1) small sheets and strips of endocervical cells; 

(2) abundant greyibJue or eosinophilic cytoplasm (depending whether EA50 or EA65 used in staining) with 

distinct cell borders; 

(3) polygonal or columnar cells. 

Nuclear fea!we (Figure 5.54): 
(1) en larged nuclei, from three up to five times the area of nom1al endocervical cell nuclei; 

(2) elongated nuclei. arranged in the long axis of columnar endocervical cells; 

(3) mild variat.ion in size and shape of nuclei; 

(4) mild hyperchromasla of nuclei, often with nucleoli. 

AGUS endometrial 
Cytoplasmic features: 

(I) small groups of small endometrial cells, five to ten cells per group; 

(2) scanty blue cytoplasm with indistinct cell borders; 

(3) occasional irregularly shaped vacuoles; 

Nuclear features: 
(I) nuclei slightly enlarged; 

(2) slight hyperchromasia of nuclei, somettrnes with small nucleoli present. 

5.3.2 TISSUE SECTIONS 

During the period between 2 January 1993 and .3! Oecember 1996, all tissue specimens of the cervix uteri submitted for 

examination in the practice were critically examined for features suggestive of Chlamydial infection. Only spcclmens 

examined grossly and microscopically by the writer were included in the study. The clinical, epidemiological and 

demographlc information supplied on the request form hy the surgeon submitting the specimen was avallablc. This 

information and the reported findings were entered into the study database for histology specimens. When available, pre­

histology PS were reviewed after the surgical specimen had been evaluated, Pre-histology cj'tology were received in less 

than lO% of cases, usually submitted by general practitioners in the c-omrnunity. Gynaecologists sent specirnens to a 

purely cytological laboratory so that correlation studies were subject to less bias, An analysis of the resu'ts of pre~ 

histology PS \Vas therefore no( possible. 

TISSUE: SPtCii\·I£NS EXAMINED fOR CHLAMYDIAL INF£CfION 

Tissue specimens were submItted by surgeons in private practice to the practice for routine histopathology reporting. 

These practitioners made use of opera(ing theatres in 2S privately owned hospitals situated in the Greater Cape Town 

Area and in the nearby !Owns of Atlantls, Gordon's Bay, Paarl, The Strand, Somerset West, Stellenbosch and Worcesler 

(Appendix A). Pre~operative patient consent was obtained for the surgical and anaesthetic procedures and for the 

submission of the tissues iO the pathology laboratory for pathologic examination. This consent was obtained from the 

patient by the surgeon. 
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Macro 5.1.. The cervix was opened at 12 o'clock but otherwise kept in one piece. 

Macro 5.2. Radially orientated wedges were removed from 12, 3, 6 and 9 o'clock for microscopy, still 
keeping the remaining cervix in one piece. Sections were labelled so that location of significant changes 
could be anatomically identified. The section from the left anterior quadrant was marked A, the left 
posterior marked B, the right posterior block marked C and the left anterior block marked D. Pertinent 
inflammatory or dysplastic changes could be anatomically located in the cervix. 
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Tissues were fixed in 10% neutral buffered fo rillo I sahne .supplied by the practice to the operating theatres. Specimens 

.. vere transported by rhe practice for processing in the central bistology laboratory. During the period JJnuary J $\ [993 

until December 31;: 1996, the writer grossly and microscopically exam:ncd a total of 2682 surgical specimens of cervix 

uteri. lncludcd in these specirncns were 1037 hysterectomies and 1645 cervical biopsies, poIY;Jectomics, cold-knife cone 

biopsies and large loop resections of the cervical transformation zone (LU:::TZ). Rout~ne procedures for processing 

tissues for LM were used. Histology secllons were cut on a rotary microtome (Reichert) at :)I-Hn in thickness The 

~ectiol;s were stained with haematoxytin and eos:n (I I & E) (Appendix C) One of the four blocks of cervix fro I'll 

hysterectomy, LLETZ or old knife cone specimens was routinely staincd for acid and neutral lTlucins using the alcian 

blue, periodic acid Schiff diastase met!~od (A-PAS-D) (Appe:ndix D). At least one block of tissue from each biopsy 

specimen was similarly stained. 

Hysterectomy specimens 

The J037 hysterectomy specimens were examined macroscopically and dissected by the writer. The presence or absence 

ofintlammatory vascular proliferalion in [he: cervical mucosa, evidenced by an easily visible mottled red appearance was 

noted. Blocks of tissue for histology from all hysterectomy specimens were taken from four quadrants of the cervix. The 

cervix was opened at 12 o'clock but otherwise kept in one piece (Macro 5.1). Radially orientated wedges were rernoved 

from [2, J, 6 and 9 o'clock for lTIicroscopic exarnination, stlll keeping the remaining cervix in one piece (Macro 5.2). 

The wedges removed included a scgment of ectocervix, the transition zone anc a segment of endocervix. The wedges 

were labelled so that [he location in the cervix of any significant ch<ll1ges could be anatolnically identified. The section 

from the left anterior quadrant was marked A, the left posterior marke:d 13, the right posterior block n:arked C and the left 

anterior block marked D, This procedure allowed pertinent inflammatory or dysplastlc changes to be anatomically 

locaced in the cervix (Macro 5.2). If the findings on tnj[lal !11icroscopic examination dictated, it was possibfe to take 

more tissue frorn an appro;)l'iate area of the cervix for further examinatlon and subsequent corroboralory kSling. Care 

was takcn Ihn1 the ectocervix, the transition zone and the endocervix were sampled i~ each block. In addition two 

sections of the endometrium and full thickness ofthe myometrium were taken. These were marked MA (anterior uterine 

wall) and MP (posteriot' uterine wall). The endornetrial blocks were cxamined for evidence of endometrial Chlarnydial 

infection. If the Fallopian cubes and ovaries were submitted, sections of each were taken and marked L (left) and R 

(right) respective!y. 

Biopsy specimens 

A total of 1645 biopsy specimens eX<:HTllned in the study included cold Imire cone biopsies, LLJ:'TZ, cervical 

polypecmmies, wedge biopsies and coJposcopical:y dirccteci punch biopsies_ In (hese cases, the enttre specimen was 

processed fDr LM. 

5.3.2.2 DJAG;'>IOSTIC CRIT.t::.RIA FOR CHL1>MYOIAL INFECTION IN n~su£ SECnONS 

Cervical Chlamydia fruchomafis infections are amenable to diagnosis by hislDlogy.10 During lhe study, histology 

specimens were exnrnined for features described in severa! hi~to!ogical publlcations.1.~·6.IO.I},16 While some of these 
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writers did not describe 

recogn ised them as d 

inclusions would be as 

inclusions at all, and some workers 

useful 2
.4 It was decided that in the present 

of 

their 10,13,16 other authors 

the presence of 

In ildd ition to the features described in these a search made for features more commonly described in 

smears, ascribed to eh infection in smears had not received III 

h seen in smears but not in tissue sections 

was immature squamous sections marked squamous were 

carefully scrutinised for inclusions, 

The different fixation and 

appearances of celis, 

and 

is not found Ul 

reSll in different 

sections'" process as seen in the two modalities is a routine exercise to 

As far as it was criteria defined above for exam ination of smears were ied to 

sections, 

5.3.2.3 DIAGNOSTIC CRITERIA rOR THE DIAGNOSIS OF CERVICITIS IN TISSt:E SECTIONS 

Inflammation of the uterine cervix is almost universal III women and in the of IS as 

to elicit 

the 

Crum et al 999, The incidence of a mild cells and 

is so that the in fi Ilrate is as "normal." of 

IS on detection of organ isms known to be ia is said not 

ial but is associated with a chronic follicular infiltrate and 

and criteria for a 

some of the features described Hare et and Paavonen et 

of cervicitis were found in the 

were usefu I. For the purposes of 

of wh(lt constitutes inflammation were iec/,n 

Criteria for a of inflammation in the included: 

(I) oedema in tissue or In 

an acute into the 

areas,33 into squamous 

of vessels in the Sli connective 

ulceration of mucosa with necrosis of tissue. granu lation tissue, inflammation and 

a chronic infiltrate with and/or cells,J] sometimes with reactive germinal 

centres, 1),16 and/or Russell 

with necrosis of cells, 26-28,:;) and JO,J I 

reactive manifest squflmolls '1,26-28,33 
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Figure 5.53. Endocervical adenocarcinoma 
showing a three-dimensional cluster of polygonal 
cells with high nuclear/cytoplasmic ratios. The 
oval, enlarged and irregular nuclei are crowded, 
overlapping. Note irregular chromatin distribution 
with parachromatin clearing. 

Figure 5.55. "Warty" changes with a thickened 
epithelial layer and subtle papillomatosis 
manifested by narrow reteform papillae. 
"Koilocytic" cytoplasmic changes in the 
superficial and the intermediate layers. 

Figure 5.54. AGUS (endocervical) with columnar 
endocervical cells showing abundant eosinophilic 
cytoplasm (EASO staining). The enlarged 
elongated nuclei are arranged in the long axis of 
the cells and show mild variation in size and 
shape, mild hyperchromasia often with nucleoli. 

Figure 5.56. HPY changes characterized by cells 
showing distinct cytoplasmic borders, nuclear 
enlargement with intensely dark, smudged or 
granular chromatin and irregular "crumpled" 
contours, sometimes binucleation and giant 
nucleation. 
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5.3.2.4 

reactive with 

differentiation of keratin or mucin 

reactive connective tissue with 

col 3J 

the presence of nucleoli and immature 

feration of and eventually 

DIAGNOSTIC CRITERIA FOR HPV INFECTION AND DYSPLASIA IN TISSUE SECTIONS 

with 

The criteria for the of HPV infection and erN in 

HPV infection was 

sections were derived from the same sources as for 

( I ) 

(I) 

(I) 

,,25 
to the criteria of Meisels el 21 and of Richart. 22 Tissue 

invasive carcinoma were excluded from the 

H 5 

found in the ectocervical area, to the endocervical mucinous 

of the 

lIae with delicate submucous 

the 

with 

nuclear 

and the intermediate 

lomatosis manifested 

into the 

of the ectocervical 

nuclei relative to the size of the 

distinct 

with 

narrow reteform 

borders 

or 

chromatin and contours, sometimes binucleation and nucleation. 

with keratinised cells on the surface the ectocervical 

nuclei in the lower third of the ectocervical the axis of these 

cells to the basement 

nuclei of the cells with coarse chromatin and without nucleoli; 

cells with normal nuclei in the upper two thirds of the ectocervical 

membrane. 

CIN 

nucl ei in the lower two thirds of the ectocervical 

basement membrane; 

to the basement 

to the 

keratinised present in the middle and upper thirds of the ectocervical 

and 

chromatin 

characteristically variable in size with 

and nucleoli not present 

contours, chromatin 
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Figure 5.57. CTN I showing enlarged, elongated 
atypical nuclei in the lower third of the 
ectocervical epithelium, the long axis of these 
cells arranged perpendicular to the basement 
membrane. The atypical nuclei are mi Id Iy 
pleomorphic with coarse hyperchromatic 
chromatin without nucleoli. Note a mitotic figure. 

Figure 5.59. CrN III with atypical nuclei in the 
full thickness of the ectocervical epithelium. Cells 
show immature squamous features in a syncytial 
pattern. Nuclei enlarged, polygonal, variable in 
size, darkly hyperchromatic with irregular 
contours. Note a mitotic figure. 

Figure 5.58. CTN " with atypical nuclei arranged 
perpendicular to the basement membrane in the 
lower two thirds of the epithelium. Nuclei are 
enlarged, variable in size with sharply irregular 
contours, chromatin is coarsely granular and 
darkly hyperchromatic. 

Figure 5.60 Neutrophil leucocytosis was 
frequently seen with neutrophils between 
acantholytic metaplastic squamous epithelium or 
within vacuoles in epithelial cells ("inflammatory 
vacuoles"). Care to separate such vacuoles from 
Chlamydial RB was necessary 
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Changes defining CIN 1II"" (Figure 5.59) 

(I) enlarged atypical nuclei present in the full thickness oflhe ectocervical or transitional zone epithelium; 

(2) eosinophilic weakly keratinised cytoplasm sometimes present in the middle and upper thirds of the 

ectocervical epithelium; 

(3) in weakly keratinised celis, nuclei enlarged, polygonal, variable in size, generally darkly hyperchromatic 

with sharply irregular contours; 

(4) cells frequently showing immature squamous features with scant basophilic cytoplasm in a syncytial pattern 

in the full thickness of the epithelium; 

(5) 

(6) 

(7) 

5.4 

5.4.1 

5.4.1.1 

if immature cells, nuclei enlarged, enlongated/fusiform, fairly uniform in size, but showing irregular contours; 

nuclei of immature cells arranged vertically to the basement membrane, 

nuclei generally darkly hyperchromatic with coarse evenly dispersed chromatin without nucleoli. 

RESULTS 

PAP SMEARS 

INCIDENCE AND DEMOGRAPHICS OF CHLAMYDIAL INFECTION 

Incidence of Chlamydial infection found by Pap smear 

During the study period a total of 48958 Pap smearS were submitted for examination in the practice. Amongst these, I 

141 cases (2.33%) were identified as showing features of infection by Chlamydia {rachoma{is (Table 5.1). The 

incidence in lhe population examined by Pap smear varied each year. In 1993 when the study commenced) the detected 

incidence was 0.6 %. During the third year of the study the detected incidence rose to 3.20 %. This suggested that the 

ability of the screeners and author to recognise the changes of Chlamydia I infection improved over the course of the first 

two years. The incidence in the study population during the last two years of the study of Chlamydial infection was 

approximately J 1%. The reponed incidence of the infection in women in the USA is 3%.36 

Table 5.1 
Number of patients examined by year and number of cases found. 

Year No smears Controls No cases Incidence of 
examined Chlamydia 

Chlamydia 

1993 11327 73 73 0.64 % 

1994 12493 283 283 2.26 % 

1995 13 968 447 447 3.20 % -

1996 II 077 338 338 3.05 % 

Total (1993 - 1996) 48865 1 141 1 J 41 2.33 % 

Total (1995 - 1996) 22045 785 785 3.13 % 
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Age distribution of patients with Chlamydial infection 

The age distribution of patients showing evidence of Chlamydial infection (Table 5.2) was compared with the age 

distribution of the control patients (Table 5.3). There were significantly more patients with Chlamydial infection in the 

age group 4 I - 50 years (24.8%) compared with the control group (18.6%) (p< 0.005). However, no other age group 

showed a signi ficant difference in the number of patients with Chlamydia I infection compared with the number of 

controls (p > 0.20 to 0.75). 

Table 5.2 
Age distri bution of patients found to have changes of Chlamydial infection. 

A!!c of Datient in vears "10 cases 

Year < 21 
21- 30 31 - 40 41 - 50 51 - 60 61 - 70 > 70 Unknown Chlamydia 

1993 I 
15 21 18 10 2 0 6 73 

1994 8 
49 89 67 24 9 2 35 283 

1995 7 
85 141 1 J I 53 8 I 41 447 

1996 5 
98 82 87 25 10 J 30 338 

Total 21 
247 333 283 1I2 29 4 1I2 1 141 

Incidence of Chlamydial infection in racial groups 

The race of patients and controls was known in most cases (Table 5.4). There was no statistically significant difference 

detected when the proportion of patients with Chlamydia was compared with the proportion of controls (Asian p = 

0.0485; Black p = 0.4436; Mixed p = 0.3002; White: p = 0.3956). The numbers of patients with Chlamydial infection in 

each racial group reflected the proportion of that racial group in the control population. 

Table 5.3 
Age distribution of control patients without evidence of Chlamydia I infection. 

Year Age of control patients in yea rs No cases 

< 21 21- 30 31 - 40 41 - 50 51 - 60 61 - 70 > 70 Unknown 

1993 2 16 23 17 9 2 0 4 73 

1994 7 74 92 54 19 8 I 28 283 

1995 II 113 135 75 42 14 2 58 447 

1996 8 90 94 66 28 16 2 34 338 

Total 28 293 344 212 98 40 5 126 1141 
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Figure 5.61. Metaplastic cells in Chlamydial 
infection occurred either in acantholytic, loosely 
aggregated clusters or occasionally as single cells. 
The cytoplasm stained pale cyan-blue and 
occasionally showed characteristic Chlamydial 
vacuolar inclusions. 

Figure 5.63. Metaplastic cells showed nuclear 
outlines with fine wrinkling, the wrinkles tending 
to be longitudinally arranged in oval nuclei. 
Chromatin was evenly dispersed and finely 
granular, with a mildly hyperchromatic 
appearance. Nucleoli were infrequently found 

Figure 5.62. Nuclei of metaplastic ceJls were 
enlarged, sometimes more than three times the 
size of normal intermediate cell nuclei. Nuclear 
membranes were always well defined and fine, 
without coarse, dark thickening. Nuclear outlines 
are oval, smooth and regular, in many respects, 
qualifying for a diagnosis of ASCUS. 

Figure 5.64 The chromatin was occasionally 
clumped and darkly basophilic, and rarely coarse 
and irregularly dispersed. Small inconspicuous 
nucleoli were infrequently found. Note the 
Chlamydial inclusion (j) (not in sharp focus in 
this three dimensional cluster) and the 
int1ammatory vacuole containing a neutrophil (<-) 
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Table 5.4 
by race of the incidence ofChlamydiaf infection with control n"t,pnt<: 

Year Patients with Chlamydia Patients without Chlamydia 

Asian Black Mixed White Total Asian Black Mixed White Total 

1993 0 1 19 53 73 2 0 25 46 73 

1994 6 3 66 207 283 0 4 61 218 283 

1995 1 6 116 324 447 0 J ]35 30] 447 

.1996 4 6 89 239 338 J 7 92 238 338 

Total 11 16 290 823 1141 3 22 313 803 1141 

5.4.1.2 MORPHOLOGIC FEATURES DIAGNOSTIC OF CULAMYDIAL INFECTION 

Some of the 

served to refine and 

associated with 

criteria for the 

infection ,-",.",.."",-, below were new observations and 

the infection. 

infiltrate 

An inflammatory infiltrate was almost evident, but not invariably The infiltrate was of variable severity, 

either or mixed with lymphocytes, plasma cells, and/or 

(I) seen with n""'~r'nh between cells in sheets of 

were also found within vacuoles in 

Care to such vacuoles from RB was 

necessary 

the infiltrate was a mixed exudate with numerous lymphocytes and 

(3) less a follicular lymphoid infiltrate was evident within exfoliated of 

endocervical mucinous mucosa. 

Cellular 

hi smears, cellular associated with the presence of vacuoles were seen in both mucinous and 

squamous cells. 

squamous cells. In 

Characteristic in 

and 

the nuclear {·n~InOI·~ found in 

endocervical 

were found in the 

infection were distinct. 

The 

ASCUS: 

(I) 

cells showed the following ill many instances for a UJQ • .,"'J" of 

the cells occurred either in three-dimensional III in 

clusters or v"~·u,,.v. as 5.61 ; 

the of the cells and was not the darker blue of 

or basophilic cells 5.61; 
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Figure 5.65. Metaplastic cells with Chlamydia I 
inclusions infrequently showed small 
inconspicuous nucleoli. 

Figure 5.67. Targetoid inclusions showed one 
distinct central inclusion. These were either large 
eosinophilic or basophilic inclusion up to 5 !lm in 
diameter or small dot-like coccoid basophilic 
inclusions < i!-lm in diameter (insert). 

Figure 5.66. Chlamydial infection [vacuolar 
inclusion (ci) out of plane of focus] occasionally 
showed marked nuclear atypia with irregularly 
shaped, hyperchromatic nuclei and coarsely 
clumped chromatin. These cases frequently but not 
always showed evidence of HPV infection 
elsewhere on the Pap smear. 

Figure 5.68. Nebular inclusions showed 
numerous small dot-like eosinophilic or basophilic 
coccoid bodies. 
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(3) these metaplastlc cells occasionally shm.ved char3ctCrlstic Chlamydlal vacuolar inclusions, described in more 

detail below (vide infra) (Figure 5.61: 5.62; 5.(4); 

(4) nuclei of the cells were enlarged, sornetimes I'ilore than three times the slze of normal intermediate cell nuclei 

(Figure 5.61 to 5.65): 

(5) nuclear rnernbranes were always well defined and tine, without coarse, dark thickening (Figure 5.61 to 5.(4); 

(6) nuclear outlines were usually oval, smooth and regular, but fine wrinkling of the nuclei was a!so regularly 

seen. The wftnkles tended to be longitudinally arranged in oval nuclei (Figure 5,61; 5.63); 

(7) chromatin was evenly dispersed and fmely granular, with a rnildly hyperchrornatic appearance (Figure 5.61 to 

5.63). The chromalin was occasionally clumped and darkly basophilic, and 

dispersed (Figure 5.64); 

(8) small inconspicuous nuclcoll were lnn"equcmly found (Figure 5.65 ). 

coarse and 

(9) occasionatty, a CflSC with other features indicating Chlamydial In[cclion did show marked nuclear atypia with 

irregularly shaped, hyperchrornatic nuclet and coarsely clumped chromatin. These cases frequently but not 

always showed evidence ofHPV infection elsewhere on the Pap smeal (Figure 5.66). 

Characteristic Chlamydial inclusions 

The characteristic Chlamydia! inclusions ranged from J pm to .> 15 flm in slze. They were present in at leas( one viable 

metaplastic celL The inclusions were usually found within a well-defined vacuole, called stage three "inclusion bodies') 

in Gupta et or I These vacuoles assisted identification of the Chlamydial Incluslon with certainty. Vacuoles acceptable 

as Chlamydial showed the following features: 

(I) the vacuoles were demonstrably within the cytoplasm of lhe metaplastic ceJls and showed a distinct, well­

defined, usually round enclosing membrane; 

(2) only vacuoles that were in a viable cell showing no evidence of karyorrhexis or karyolysis were accepted; 

(3) the vacuoles showed characteristic intra-vacuolar Inclusions, details of which were oftcn only visible with 

careful up-and-down focusing of the microscope through the thickness of the vacuole; 

(4) three typcs of intra-vacuolar inclusion were identilled: 

(Cl) targetoid with one distinct central inclusion. These were either small dot-like coccoid basophilic inclusions 

" I flm in diameter, or large eosinophilic or basophilic inclusion up to 5 11m in diameter (Figure 5.67); 

(b) nebular with numerous small dot-like eosinophilic or basophilic coccoid bodics (Figure 5.68); 

(c) festooned with large irregular basophilic or eosinophilic ribbons and stranded inclusions festooned in a well~ 

defined enclosing membrane (Figure 5.69, 5.77): .>7.lS 

(5) care was taken to separate degenerative vacuoles and vacuoles containing neutrophils, apoptotic bodies, 

mucin, lipid or talc granules from true Chlamydial vacuolar inclusions (Figure 5.70). 

Small, usually numerous coccoid bodies without distinct vacuoles were sometimes found within the cytoplasm of 

metaplastic squamous and/or mucinous ceBs (Figure 5.71 A & B). These inclusions showed {1 surrounding ill-defined 
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Figure 5.69. Festooned inclusions showed large irregular basophi lic or eosinophilic ribbons and stranded 
inclusions festooned in a well-defined enclosing membrane 

Figure 5.70. Care was taken to separate true Chlamydial vacuolar inclusions (B: c) from degenerative vacuoles 
(A), vacuoles containing neutrophils (B: n), apoptotic bodies (C), mucin (D: m), lipid (E: I) or talc granules (F) 
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area of pallor in the cytoplasm but a vacuoJe wlth a. distinct membrane was not present. Cells containing numerous 

coccoid inclusions appeared pale with a lacy pattem in lhe cytoplasm. These coccoid bodies were called first stage 

inclusions in Gupta el 01. I They were difficult to identify with certainty and were n01 regarded as a practical or useful 

feature of Chlamydial infection. When convincing examples of the first stage inclusions were present, they were almost 

always found in association with at least one of the types of vacuolar inclusions elsewhere on the same slide. 

The inclusions designated a.s nebular in the present stlldy were not separated into the flne granular and more coarsely 

granular inclusions described by Shiina. 1 Again, large targetoid inclusions were not divided irHO the granular and 

hornogeneous types described in Shiina. The latter author did not describe nor investigate targetoid inclusions with small 

dot~like coccoid inclusions, 

Changes in mucinous endocervical epithelium 

Although n.:active cbanges were also seen in mucinous endocervical cells, these were variable, appeared non-specific and 

were not considered useful in the recognition of Chlamydia trachoma/is infection. Mucinous cells usually occurred in 

lhree~djmensional clusrers and showed mild loss of. polarity with crowding of nuclei. The nuclei were enlarged and 

showed mild hyperchromasia and small nucleoli. The nuclei were nor elongated, palisaded or "feathered" and were not 

hyperchromatic. They resembled "reactive" mucinous cells seen in inflammatory smears. Immature mllcinous cells 

were found within and at the periphery of groups of t11etapJastic squamous cells, as described by Koss.:17 These 

mucinous cells showed finely vacuolated grey/blue cytopl"sm (EA 65) or eosinophilic cytoplasm (EA 50) and did no! 

resemble cells cont::1.lnlng well-defined Chlamydial inclusions. Occasionally vacuolar Chlamydial inclusions were found 

in mucinous cells (Figure 5.72). 

Cardinal features necessary for the diagnosis ofCldamydial infection 

The abOve results describe a constellation of changes that were regarded as important in arriving at a diagnosis of 

Chlamydjal infection in any particular case. The features (')ssociated with Chlamydial infection varied from Cilse to case, 

and all of the cbanges described above were not always present in anyone case. However, the presence of all of the 

following features were regarded as absoLutely necessary before a contldent diagnosis of Chlamydial infection was 

made. These cardinal features are listed as follows (Figure 5.73: 5.74): 

(I) a mixed inflammatory infiltrate with neutrophiJs, lymphocytes and plasma cells; 

(2) sheets of immature metaplastic squamous epithelillm, frequently acantholYlic (figure 5.74); 

(3) neutropbil leucocytosis showing m:utroplJils ill the imerstices between acantholytic metaplastic cells (Figure 

5.74) and sometimes within imraepnhelial vJcuoles (Figure 5.73); 

(4) metaplastic cells showing enlarged, usually oval nuclei, wlth well defined, fine nuclear membranes, 

sometimes with longitudinally arranged wrinkles; 

(5) metaplastic cells showed evenly dispersed and flnely granular chromatin with a mildly hyperchromatic 

appearance and infrequently, small inconspicuous nucleoli (Figure 5.73); 
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Figure 5.71 A. Cells with numerous small coccoid bodies without distinct vacuoles appeared pale with a lacy ill­
defined areas of pallor in the cytoplasm (--». The coccoid bodies ("first stage inclusions in Gupta el a/I) were 
difficult to identify with certainty but were sometimes found with vacuolar inclusions in nearby cells. 
Figure 5.71 B. A closer view of coccoid bodies, difficult to identify with certainty (D. 

Figure 5.72. Mucinous cells showed finely 
vacuolated eosinophilic cytoplasm when stained 
with EA 50, (m) did not resemble cells containing 
well-defined Chlamydial vacuolar inclusions (c). 
Occasionally Chlamydial inclusions were found in 
mucinous cells. 

Figure 5.73 The constellation of changes included 
metaplastic cells with enlarged, oval nuclei, 
sometimes with wrinkled nuclear membranes, 
neutrophil leucocytosis sometimes within 
intraepithelial vacuoles en), and characteristic 
Chlamydial inclusions (ci). 
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(6) characteristic Chlamydial inclusions, ranging fronl 1 J .. un to >l5 ~ml in stze with a round) dlstincty weU­

defined enclosing membrane (Figure 5.73); 

(7) only vacuoles dernonstrab!y within tile cytoplasm of viable metaplastic cells showing no evidence of 

karyorrhexis or karyolysis were accepted as Chlarnydi(:.ll; 

(8) oilly vacuoles containing characteristic intra-vacuolar inclusions of three lypes were accepted as characteristic 

of Chlamydia: 

(0) largelOid eosinophilic or basophilic 

(b) nebular with numerous small round eosinophilic and/or basophilic coccoid bodies; 

(c) jestoonedwith lorge hasophilic irregular inc!usions;j6,J7 

In many srnears, dual pathologies were present. A confident diagnosls of Chlamydia I infec!ion was possible when suh­

populacions of cells were seen showing features of orher pathologic processes, For example, the presence of some 

metaplastic squamous ceJls with coarse, granular Ilyperchromatic chromatin and irregular nuclear membrnnes 

characteristic of inlra~eplthelial neoplasia (CIN) did not prevent a diagnosis of Chlamydial infection. However, to 

diagnose Chlamydial infection with ClN, ii was necessary to identify a sub-population of meraplastic squ;;mlOus celfs 

showing the blander nuclear changes ofChlamydlal infection. 

5.4.1.3 fEATURES SEPARATING CIlIAMYIJlAL CHA"GES FROM HPV EFFf;Cr & llYSPLASIA 

In many cases, the morphologic changes due to HPV infection and intra-epithciial neoplasia (CrN) were present 

concolllitantly with evidence of ChLamydial infection (Table The mypical cells of HPV with or without C!N 

generally occurred in clusters separate fron"! groups of cells showing Chlamydial changes. This allowed careful 

examination for the diagnostic features of both conditions. During the study, it became clear that Chlamydia~associated 

atypia was not always easy to interpret (Figure 5.75). 011 many occasions, Chlamydial atypia was labelled ASCUS. 

There was a tendency to "overcal!" lower degrees ofCIN when there was concomitant Chlamydial infection. 

Using the puhlished criteria for recognition of H PV infection 2o
,21 it was usually possihle to separate changes due to 

Chlamydial infection from HPV effect Again, the changes seen in ClK I, IT or lIl 22
-
25 could usually be dlfferentiated 

from the effects of Chlamydia (Figure 5,75). !n (] propOt1ion of cnses, cellular and nuclear features suggestive of 

Chlamydia] infection were found, hut the diagnostic vacuol,u inclusions were not identified. In many of these cases, the 

cellular changes could he dismissed as "reactive" or "reparative" (Figure 5.75 B). In some cases the nuclear atypia was 

worrisome of possihle intra-epithelial neoplasia and n diagnosis of ASCUS (Figure 5.75 F) was sometimes necessary. 

However, not all cascs labelled ASCLS showed features suspicious or Chlamydial infection. Again, atypical 

metaplastic cells found with Chlamydia could often be confused with CI!\i 1lI (Figure 5.75 F), especially if there was 

evidence of HPV infection with C[N r or II present elsewhere on the smear (FigureS.76). 

The number of cases showing Chlamydia infection with HPV infection with or without CIN is 1nbu!ated Crable 5.5). 

Comp,1rative figures in the control group without Chlamydial infection were also recorded (Table S.6), Tile incidences 
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Figure 5.74. The constellation of changes was regarded as absolutely necessmy for a confident diagnosis of 
Chlamydial infection. This included a mixed inflammatory infiltrate, acantholytic sheets of immature 
metaplastic squamous epithelium and characteristic Chlamydial inclusions (j). Inclusions ranged from I [..1m 
to > 15 [..1m in size, with a round, distinct, welJ-defined enclosing membrane and were present within the 
cytoplasm of viable metaplastic cells. 

Figure 5.75. In many cases, Chlamydial changes (A) could be dismissed as "reactive" or "reparative" (B). 
Nuclear changes due to Chlamydiae included wrinkled nuclear membranes (C) and undulated nuclear membranes 
(0, E). However, in some cases (F), chromatin was hyperchromatic and coarse and the nuclear cytoplasmic ratio 
was increased (Chlamydial vacuole (ci) out of the plane of focus). In such cases a diagnosis of ASCUS was 
necessary, unless CrN was found elsewhere in the smear. 
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ofCIN II & CIN III were similar in the Chlamydia-infected and control populations. However, in the Chlamydia infected 

population, the rates of ASCUS, HPV infection and CIN [ were higher than those in the control group (Tables 5.5 & 5.6). 

In the Chlamydia-infected population, there was a significantly higher incidence of HPV infection (10611 000) compared 

with the control population (58/1000) (p = < 0.0005, X2 = 16.83). Similarly, comparison of ASCUS rates in the two 

populations showed a significantly higher rate in the group of patients infected with Chlamydia (5311000) than in the 

control group (15/ I 000) (P < 0.0005, X2 = 16.628). In the period 1994 - 1996, the rate of combined HPV/CIN disease 

in the Chlamydia infected group was l71/1000 while the rate in the control group 110/1000 (p < 0.0005; X2 = 15.938). 

However, the difference in the incidence of CIN [ in the group of patients with Chlamydia infection (56/1000) and the 

control patients (36/1000) was not found to be significant (p < 0.0037, X2 = 4.754). Likewise, rates ofCIN II and C1N 

III were similar in the two groups of patients. The rates ofCIN III in the control population were comparable with rates 

in other studies on the South African populalion. JS
)9 

Table 5.5 
Incidence of H PV Infection, CIN and ASCUS occurring in association with Chlamydial infection. The rate is reported as number of 
cases per 1000 smears. 

Yea,' No cases No of cases showing Chlamydia infection with associated H PV, CIN or ASCUS 
Chlamydia 

HPV Rale CIN I Rale CIN Il Rate CIN III Rate ASCUS Rate 

1993 73 14 192 10 [37 I 14 0 - II 151 
1994 , 283 32 113 15 53 2 7 8 28 I 14 45 
1995 447 41 92 14 31 1 2 II 25 17 38 
1996 338 34 10] 25 74 1 3 5 15 19 56 
Sans'93 1068 107 100 54 51 4 3.7 24 21 51 48 
Sa IIs'93 1068 Combined HPV/CIN 107 + 54 + 4 +24 = 189 171 
Total 1 141 121 106 64 56 5 4 24 21 61 53 

Table 5.6 
Incidence of HPV infection, CIN and ASClIS occurring control patients without Chlamydial IIlfection. The rate is reported as number of 
cases per 1000 smears. 

Year 
No cases No of control cases with HPV, ON or ASCCS 

HPV Rate CIN I R" te CIN II Rate CIN III Rate ASCUS Rate 

1993 73 4 55 2 27 0 - 1 14 I 14 
1994 283 12 42 6 21 I 4 3 11 5 17 
1995 447 28 63 16 36 I 2 8 18 6 14 
1996 338 22 65 II 33 I 3 9 27 5 15 
Sans'93 1068 62 58 33 31 3 3 20 19 16 15 
Sa115'93 1068 Combined HPV/CIN 62 + 33 + 3 + 20 = ll8 110 
Total 1 141 66 58 35 36 3 3 21 18 17 15 

The similar incidences of CIN 1, CIN II and crN II! in the group showing Chlamydial infection and the control groups 

was a somewhat surprising finding. Several publications that have indicated there is an association between Chlamydial 

infection and CIl'\.14,40.4J.45 The present study corroborated this finding only for ASCUS, HPV infection alone and for 

all HPV/CIN disease combined. 
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Figure 5.76 The changes seen in CrN J, II or III (A, 8'1 could usually be differentiated from the effects of 
Chlamydia, However in a proportion of cases, Chlamydial vacuolar inclusions (ci) (out of focus, cell nuclei in 
focus) and inflammation were found, together with cellular changes probably indicative of intra-epithelial 
neoplasia (CIN). 

Figure 5.77. Sometimes, Chlamydial vacuolar inclusions could be recognised in degenerate cells, here a 
festooned inclusion (f), The host cell shows a small pyknotic nucleus displaced to the periphery of the cell by 
the large inclusion and shows characteristic intense cytoplasmic staining associated with cell degeneration, 
Attention to the morphology of the vacuole and its contents allowed distinction between Chlamydial vacuoles 
and degenerative vacuoles, 
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During the four years of the study, evidence of IIPV infection without dyspJasia was found in 121 patients. with 

Chlarnydia (J 0.6%). In the first year of the study, the proponion of cases reported as showing HPV infection (19.2%) 

was almost double that reported during the last yeu (10, 1%). Although this difference was not statistically significant (p 

:;;;;; 0.0473), there was a trend towards a lower reporting rate for HPV infection as the study progressed, The fall in the 

reported incidence of ASCUS in the Chlamydia-infected patlents, from 15,1 % to 4.8 % over the last three years was 

significant (I' < 0.0005). The reponing rate of Cf'< I rell from 157 % to 5.1 % over the last three years (I' - 0.0049). 

Rates of em II and CI'0J III over the course of the study were statistically similar in the two groups of patients, These 

observations probably reflect a difference in the interpretation of the causes of rnild to moderate atypia of nuclei early in 

the study compared with the last years of the study, The small number of cases found in 1993 was a lirnitatiofJ on the 

interpretation and statistical analysis of these figures. However, there appeared to be a "learning process" as the 

diagnostic criteria separating HPV effect from changes due to Chfamydia trachomatis were refined. 

Cardinal features separating Chlamydial infection from HPV/CI.'! 

As the study progressed, criteria were developed to separate HPV effects and CIN from Chlamydial changes (Table 5.7). 

The learning process leading lo recognition of these cardinal difference between Chlamydial infection and HPV/CIN 

probably explains the lower rates of HPV infection, ACSUS and C11\ 1 reported in 1995/6 compared with 1993. 

Although Chlamydia! infection, HPV infection and CrNlSlt all showed enlarged nuclei, the severity of nuclear atypia in 

Chlamydial infection was milder than [hat seen in CI~ (Figures 5.76). 

The di fferences between the features of I-iPV or eIN and Chlamydia! infection are summarised as follows: 

(1) the nuclear membranes in Chlamydia I infection were only finely wrinkled or undulated and did not show 

sharply irregular, knobbly nuclear contours; 

(2) the nuclei within a group of cells showing Chlamydial changes did not vary in size as much as nudei seen 

with HPV and ClN; 

(3) the smudged chromatin seen with HPV infection was never found in cells showing Chlamydial infection; 

(4) the chromatin of Chlamydia~infected cells was usually very mildly hyperchromatic, finely granular and 

evenly dispersed, never coarsely granular; 

(5) darkly staining nuder were almost never seen in viable cells showing Chlamydla! vacuolar inclusions; 

(6) degenerate cells occurring in the late stages of Chlamydial infection showed irregular, hyperchromatic 

pyknotic nuclei, often with karyorrhexisilysis. These changes were regarded as degenerative and although 

pan of the infective process, were not accepted as diagnostic of Chlamydia I infection; 

(7) an important clue to dual pathology was a Chlamydi8-associated severe inflamrnatory infiltrate with 

epithelial leucocytosis. Although associated with invasive carcinorna, severe infLlrnmatioll is not part of 

HPV infection or CIN; 

(8) C[!'J III and Chlamydia infected cells were distinguished from one another by recognition of the presence of 

relatively <lbundant cytoplasni in Chlamydial infection (lower nuclear-cytoplasmic ralio). 
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Table 5.7 
Comparison of the morphology of Chlamydial infection witil HPV change, CrN and Repair. Singular and differentiating features 
highlighted red for Chlamydia, blue for HPV, green for CIN 8nd pink for repair. 

Feature Chlamydia HPV CIN Repair 

InOammatory changes 
Inflammation +++ - - +++ 

Neutrophil leucocytosis into epithelial clusters +++ - - -
Follicular lymphoid clusters + - - -
Cytoplasm 
Abundant cytoplasm +++ ++ - +++ 

Prominent squamous metaplasia +++ - - +++ 

Acantholysis +++ - - +/ 

Vacuolar changes 
Cytoplasmic vacuoles with Chlamydial bodies +++ - - -
Cytoplasmic vacuoles containing neutrophils +++ - - -
Cytoplasmic vacuoles variable in size +/- - - ++ 

Cytoplasm ic vacuoles with fuzzy membranes - - - ++ 

Cytoplasmic vacuoles in degenerate cells +/- - - ++ 
Perinuclear h8lo/koilocyte condensed rim cytoplasm - +++ - -

Nuclear features 
Enlarged nucleus +++ + +++ +++ 

Variation of nuclear size within cell group +/- + +++ -
Fine nuclear membranes ++ - - ++ 

Wrinkled nuclear membrane ++ - - -
Nucleolus small inconspicuous blue ++ - - -
Nucleolus prominent (sometimes red) - - - +++ 

Clearing of chromatin - - - +++ 

Karyorrhexis, karyolysis ++ - - +/-

Apoptosis - - +++ -

Smudged chromatin - ++ - -

Hyperchromasia +1- + +++ -
Coarse chromatin - + +++ -

Crumpled nuclear contour - ++ - -
lrregu lar angular or nobly nuclear contours +/- ++ +++ -

High N/C ratio - + +++ -
Mitoses - - + -

5.4.1.4 FEATURES SEPARATING CHLAMYDIAL CHANGES fROM THOSE DUE TO OTHER INfECTJVE AGENTS 

Cellular changes in Pap smears regarded as reactive and reparative were frequently associated with specific common 

pathogens found In Pap smears. When the well- described criteria for these pathogens26 were strictly applied it was 

possible to identify Chlamydia infection separately from changes due infection by Candida species, Neisseria 

gonorrhoea, Trichomonas vagina/is. mixed bacterial infections. infection by anaerobic organisms associated with 

proliferation of Gardnerella vagina/is and Herpes sim(!!ex virus (HSV). Cases showing evidence of dual infection with 

Chlamydia and another infective agent were encountered (Table 5.8). 
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Table 5.8 
Common p~thogens found in Pap smears \Vitil and without cvidellce of Chlamydial infection. 

Organism C trac/tomllIis Controls 
No % No % 

Lactobacilli 209 18.3 701 61.0 p<o.ooos 
Actinomyces 19 1.6 13 1.1 
Candida spp 53 4.6 82 7.2 
G. vagina/is 71 6.2 103 'J.O 

T. vagina/is II 1.0 17 14 
N. gonorrhoea 0 - 2 0.2 
Bacterial vaginosis 47 4.0 87 7.6 
HSV 2 0.2 I O. I 

No other organism 729 63.9 135 II.R 

Total 1141 1141 

No association between Chlamydial infection and occurrence of other pathogens was found. Patients showing 

Chlamydial infection were less likely to show normal vaginal flora (Lactobacilli) than the controls (p' 0.0005). The 

inflammatory infiltrates associated with these infections did not show epithelial neutrophil leucocytosis and foLlicular 

lymphoid clusters were infrequent. 

5.4.1.5 FEATURES SEPARATING CHLAMYDlAL CHANGES FROM REPAIR 

Some cases showing both Chlamydial infection and repair were documented. Chlamydial infection and repair both 

showed prom inent squamous metaplasia but cou lei be differentiated from one another. Changes regarded as 

characteristic of "repair" in metaplastic cells were en larged, hypo-chromatic, almost clear nuclei showing prom inent, 

sometimes red nucleoli Figure 5.15, 5.75).27 Acantholysis was not a prominent feature associated with repair. Cells 

showing clearing of nuclear chromatin and prominent large nucleoli characteristic of repair were almost never found to 

contain Chlamydial vacuoles (Figure 5.75) (Table 5.7). Infiltration by neutrophils into groups of metaplastic epithelium 

(neutrophil leucocytosis) was not usually found with repair. Although inflammatory cells were abundant in rep<lir, they 

occurred in the background or were present overlying epithelial cell clusters. 

5.4.1.6 RECOGNITION Of NON-CI-ILAMYDIAL VACUOLES AND PSElIDO-VACliOLES 

Degenerative vacuolar changes26
-
28 associated with and due to the inflammatory process occurred III Pap smears from 

both the Chlamydia-infected and the control groups. The terms "degenerative vacuoles" and "inflammatory vacuoles" 

have been used inter-changeably by others. 26
-
28 As noted, to avoid confusion during the study, distinction between these 

entities was defined_ Inflammatory vacuoles were deJ-ined as those containing neutrophils or neutrophil debris (Figures 

5.22 & 5.73). Non-Chlamydial vacuoles occurring in an inflammatory background with evidence of cellular 

degeneration were regarded as degenerative vacuoles (Figure 5.25). Acceptance of this definition and nomenclature 

simplified the interpretation of vacuoles occurring in inflammatory smears and avoided inter-observer confusion in the 

laboratory . 
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Figure 5.7S. Degenerative vacuoles (v) were frequently accompanied by nuclear pyknosis, karyorrhexis (k), 
karyolysis or apoptosis. In addition, degenerative vacuoles were often multiple with large and small fuzzy 
vacuoles that appeared empty. Attention to the morphology of the host cell nucleus and the contents of the 
vacuole allowed distinction between Chlamydial vacuoles (see Figure 5.79) and degenerative vacuoles. 

Figure 5.79. Viable metaplastic cells showing a variety of Chlamydial inclusions with crisp, well-defined 
surrounding plasma membranes. In contrast to degenerative vacuoles, Chlamydial vacuoles by definition always 
contained an inclusion, either a single targetoid or festooned inclusion, or numerous small nebular inclusions. 
Note the paucity of inflammatory cells in this case. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IDS 

v.acuoles from inlla'mlnalolry vacuoles 

Neutrophil leucocytosis was almost always present in P(lP smears showing convincing evidence of Chlamydial infection. 

Neutrophils could be seen in windows between imrnmure spongiotic rnetaplastic cells; within i.ntra-cellular vacuoles, or 

overlying the metaplastic cells (Figures 5.26; 5.32). Leucocytoclasis was usual in this setting and free-lying clusters of 

neutrophil nuclei or lobes of disintegrated nuclei were frequently found. 

Alihough neutrophils INere abundant in intlamm<-1tory smears showing other pathogens and when reparative changes 

were presenr,. neurrophil leucocytosis was not. III Ilon-Chlmnydial inflammation, neutroph!ls were usually found in 

clusters or lying singly in the background and overlying epithelial cells (Figures ),35 - 5.37). Epithelial leucocytosis 

with inflammatory vacuoles, where neutrophils had clearly infiltrated into and between the epithelial cells appeared to be 

spcc!fically associated with Chlamydial infection. 

Separating Chlamydial vacuoles from dege,,,,"atrve vaclIoles 

In the setting of Chlamydial cervicitis, it was unavoid<ible that degenerative vacuolar changes would he present (Figure 

5.25). It \V(lS generally not difficult to separate Chlamydial vacuoles from degeneralive vacuoles using rhe described 

morphologic criteria Cfable 5.7 & 9). Sometimes, Chlamydial vacuolar inclusions could be recognised in degenerate 

cells (Figure 5.77). However, diagnosis of Chlamydia 1 infection was never made with out finding typical inclusions in 

cells with viable nuclei. It was usually not dtfficult to find other inclusions tn viable cells elsewhere in the same smeaL 

This was regarded as crucial to avoid any possible confusion with degenerative vacuolar changes. 

Degenerative vacuoles in the cytoplasm were freqllemly accompanied by nuclear pyknosis, karyorrhexis) karyolysis or 

apoptoslS. In addition, attention to the morphology of the vacuole and its contents allowed distinction between 

Chlamydial vacuoles and degellerative vacuoles. Chlamydial vacuoles were usually round with a crisp well-defined 

surrounding plasma membrane. In contrast, degenennfve vacuoles were frequently fuzzy (Figure 5.78). It was usual to 

flnd only one large Chlamydial vacuole within a cell. There were usually several degenerative vacuoks in a cell. In 

those cases where a cell did show several Chlamydial vacuoles; these tended to be smaller, of a similar size, each with a 

well-defined enclosing membrane (Figure 5.79). When more than one Chlamydia I vacuole was present in J cell, the 

interface between the vacuoles was sometimes flattened. On the other hand, degenerative vacuoles were always of 

vari<1ble size and did not flatten one another. Degenerative vacuoles appeared empty while Chlamydial vacuoles by 

definition always contained an inclusion, either a single targetoid or festooned inclusion, or numerous smaJi nebular 

inclusions (Table 5.9). 

Separating Chlamydial vacuoles from apoptotic bodies 

ApOptosis W<lS not a frequently encountered phenomenon in association with Chlamydial infection. Apoptosis was usually 

found with CIN, partic-ularly CIN III. Although in theory apoptotic inclusions in metaplastic dysplastic cells could have 

been confused with Chlamydial inclusions, recognition of the dysplastic process placed these peculiar inclusion vacuoles in 

context. Apoptotic inclusions were usually much smaller than Chlamydial inclusions and appeared denser. The complex 

nature of the apoptotic inclusions was characteristic. rhe remnants of condensed orangeophilic cylopl(lsm and densely 
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Figure 5.80. Numerous small ill-defined (fuzzy) 
lipid vacuoles almost invariably found in 
macrophages. Macrophage recognised by the 
presence of centrally placed, small round nucleus 
in a large ceJls with abundant pale cytoplasm. 

Figure 5.82. Mucinous inclusions in adeno­
carcinoma cells [lobular carcinoma of breast] with 
malignant nuclear features (out of focus). Mucinous 
inclusions (m, in focus) showed a homogenous 
texture that was cyanophilic rather than basophilic 
with the Papanicolaou stain. Note the absence of a 
well defined vacuolar membrane and a clear peri­
inclusional halo. 

Figure 5.81. Epithelial cell with a peripherally 
placed nucleus shows finely granular, uniformly 
sized, coccoid bodies present in the 'rarified' areas 
of cytoplasm. 

Figure 5.83. Targetoid basophilic inclusions in a 
well defined plasma membrane. Note the vacuolar 
membrane and the halo surrounding the inclusion 
body within the vacuole, which is not seen in 
Figure 5.82. 
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basophilic nuclear debris formed a distinct bi-coloured inclusion that virtually ruled the intra-cellular vacuole (Figure 5.24; 

5.70). 

Table 5.9 
Comparison of the morphology of Chlamydial, inflammatory, degenerative, apoptotic, mucinous and foreign material 
vacuoles. 

Features of vacuole Chlamydia InOamat Degener J' dcon ell Foreign ., . material 
Lipid 1 .• 1 

Mature squamous cell +/- + + + - - -
Cell Metaplastic cells + + + - - + + 
type '" lu~ i l1nu~ <.:..: I I~ - +/- + - + +/- + 

Hisliocytes - + + - - + + 
r,lr I-nllul.lr - - - - - - -+ 

Site Peripheral cytoplasm + + + - + + + 
r r '-I J I II - - - - - -
Single - - - + + - -

No, Usually single + + - - - - + 
Multiple - + - - + -
Small only (I -Jm).L) - - - - - + -

Size Intermediate (4 - 101llf,l) - - + + + - -
Large (10 - ISm).L) - + - - - - + 
Variable ( I - 20m).L) + - - - - - -

Edge of Well-defined + - - - + - + 
vacuole III-Jl'fi l J / ~, '~ - - - + - +- -

Either or both - + + - - - -
Targetoid eosinophilic + - - - - - -
Targetoid basophilic + - - - - - -

T:lrgl'toid C) ,lIHlphilic - - - - + - -

Content Nebular + - - - - - -
of Festooned + - - - - - -
vacuole Neutrophils + + - - - - -

Complex (apoptotic) - - + + + - -
J{{ I'r ' ik - - - - - - t 

No content - - + - - + -

Separating Chlamydial vacuoles from lipid vacuoles 

The presence of lipid vacuoles seen in Pap smears. did not appear to be a degenerative phenomenon due to fatty change 

in epithelial cells. Nwnerous small ill-defmed (fuzzy) vacuoles regarded as lipid material was almost invariably found in 

macrophages. Macrophages were recognised by the presence of centrally placed, small round nuclei in large cells with 

abundant pale cytoplasm (Figures 5.33; 5.80). On occasion, free-lying globules of lipid material obscured the underlying 

cells. These changes were regarded as being due to the use of vaginal creams and there was little potential for confusion 

with Chlamydial infection. 

Separating Chlamydial vacuoles from mucin-containing vacuoles 

Lntracellular vacuoles containing basophilic targetoid inclusions (Figures 5. \0; 5.83) ascribed by Swanson4 to 

Chlamydial infection bore striking resemblance to mucinous inclusions sometimes encountered in malignant effusions in 
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serousfl uids. This was noted inter alia et I and Shiina 2 Mucinous inclusions in 

adenocarcinoma are found in cells with and usually show a texture 

that is lie rather than lie when stained with the Characteristical a 

clear space was present within 

not show a these subtle 

to differentiate with absolute between 

the 

nous inclusions and 

show the presence of ial inclusions. In cases of it was usual not difficul 

other forms of vacuole in the same smear. 

of infection was made if all of the cardinal features were present 

Other 

inclusion 

lie 

was never made on the presence of inclusions 

as 

inclusions. There were no cases endometrial 

lic or any other alone. 

almost other types of 

were found n the same smear as 

endocervical adenocarcinoma included in the 

group. Adenocarcinoma-associated "mucinous" inclusions could not have been a source confusion. 

Ch vacuoles from talc 

Talc were present in variabJe numbers in at least a third of smears seen in the The were 

of variable size, between 8 and 12 mu in diameter with a well-defined refractile and a central 

ste) late fracture. The talc cells and on at low power 

resembled vacuolar inclusions in cells. Close examination with fine revealed the true 

nature of these 5.20; 

5.4.1. 7 ASSOCIATION OF CHLA VIYDIAI. JI"IFECTION WITH HORMON.\L STATUS AND IUCO 

the examination of a smear included request The 

information and the "hormonal status" the The in formation obtained 

10) indicated that 

with the control group (p < 

with the control group (p < 

groups in the number who were post-parium, 

and treated for se)\ually transmitted disease. More 

devices ( without 

groups was not fewer women with 

than in the control group 

On the other 

that 

oral 

infection were pregnant (I 

there was no difference between the two 

had been 

infection were intra-uterine 

the difference between the 

infection were and hormone 

not 
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Table 5.10 
Association of contraceptive methods, hormone repl<Jcement and hormonal status in patients with and without evidence 
of Chlamydia I infection. 

Sta Ius No TUCD OC Pregnant PoSI- parIum Post-menopausal HRT 

Chlamydia + I J41 79 164 14 31 89 67 

Chlamydia - J 141 53 256 60 26 107 79 

P value - - < 0.0005 < 0.0005 - - -
l 

5.4.1.8 RECOGNITION OF GLANDI 'LAR CELL CHANCES 

There were no cases of endocervical or endometrial adenocarcinoma found with evidence of co-existent Chlamydial 

infection. The number of cases of AGUS associated with features of Chlamydial infection with characteristic 

Chlamydial vacuoles varied, depending upon the threshold of the observer for atypical nuclear features in glandular cells. 

Concordant diagnosis of AGUS by the two screeners W<JS poor. Strict application of published features defining AUUS25 

prevented over calling of AGUS. The diagnosis of AGUS was ('estricted to cases showing enlarged nuclei, 3 to 5 times 

the size of normal mucinous cell nuclei with nuclear hyperchromasia and a coarse chromatin pattern. In addition, 

diagnosis of AGUS required irregularities of nuclear size with variable nuclear contours within a group of mucinous 

cells. The groups of mucinous cells were required to show crowding and overlapping of nuclei with the presence of 

some oval or elongated nuclei. Using these criteria, only one patient received a diagnosis of AGUS (1996). This patient 

underwent colposcopy and endocervical curettage. Histology showed no significant glandular atypia. 

5.4.2 

5.4.2.1 

TISSLIE SECTIONS 

INCIDENCE & DEMOGRAPHICS OF CHLAMYOIAL INFECTION 

Incidence of Chlamydia I infection found in tissue sections 

During the study period 1993 to 1996,2682 histology specimens of the uterine cervix were received in the practice (1037 

hysterectomy specimens and 1645 cervical biopsies) (I). Evidence suggestive of infection by Chlamydiae was found in 

257 (9.6 %) of these specimens (Table 5. 12). 

Table 5.11 
Numbel' and type of tissue specimens examined by year. 

Yellr Hysterectomy LLETZ/Cone Bx Colposcopic Bx Polypectomy Total 

1993 225 59 291 8 583 

1994 299 81 :178 13 771 

1995 229 58 2<)1 16 594 

1996 284 71 .1(,() 19 734 

Total 1037 269 1320 56 2682 
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Tobie 5.12 
Incidence of eases showing Chlaillydia] infection by specilllen Iype 

Specimen type Number Positive for Nega tive fo r Ihte of 

C lrachom((ti:i C. fmchoftlllfis 
Positives 

Hysterecto my 1037 93 944 9.0 % , 
LL(TZlCone bx I 269 21 248 7.8 % 

C:oJposcopic bx 1320 121 1199 9.2 % 

Polypectomy I 56 22 34 39.3 % 

Total 2682 257 2425 9.6 % 

Non-polypectomy 2626 235 2512 
I 

8.9 % 

Over the four-year course of the study, the rate of reporting ChlamydiaJ infection in tissue specimens increased 

marginally from 8.9 % in 1993 to 10.2 % in 1996 (Table 5.13). 

Table 5.13 
Nurnber of specimens seen per year and the incidence of infection reported by year. 

Year Number Positive for ~egative for Rllte of Positives 

C. trachomatis C. IrachomaJis 

1993 583 52 531 8.9 % 

1994 771 72 699 9.3% 

1995 594 58 536 9.8 % 

I 1996 I 734 75 659 10.2 % 

Total 2682 257 2425 9.6% I 
Tile increased rare was not starisrically significanr. III comparison, the detection rate of Chlamydia in Pap smears 

showed a more marked increase in the detection rate, especially during the first two years of the study (the "learning 

curve"). The Pap smears were initially screened by one of the two cyto-technologists. AIJ atypical smears were re­

screened by a second technologist. During the study two technologists and the author examined all heavily inflamed 

smears with possible signs of Chlamydial infection. The learning curve noted in the cytology study may have been 

promoted by this screening policy. The number of cells on an average, well-made Pap smear is said range between 350 

000 and 500 000 [Papnet computerized neuraJ-ne1 Pap smear screening system]. The screening of Pap smears has been 

compared to "searching for the proverbial "needle in n haystack" and is a more complex exercise rhan the examination of 

hiswlogic sections. This also may account for the steadier rate of finding Chlamydial infection in tissue sections. The 

incidence of Chlamydiai infection in the Pap smear screening process was approximately 3 % while about 10 % of tissue 

specimens showed the signs of the organism. On the other hand) the incidence of Chlamydia 1 infection in Pap smears in 

the combined group showing HPV/CIN was approximarely 17%. The reasons for taking a Pap smear are entirely 

different from the indications for hysterectomy, colposcopic biopsy, LLETZ/cone biopsy and endocervical polypectomy. 

The incidence of Chlamydia I infection in these different specimens is therefore not un-expected. A group of257 control 
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Figure 5.84. A mixed inflammatory infiltrate was 
usually, but not always present The inflammatory 
changes were associated with proliferation of 
small capillary vessels (c) in the sub-epithelial 
connective tissue. 

Figure 5.86. Follicular lymphoid aggregates that 
showed germinal centers (g) were present in some 
cases. Note the immature mucinous epi thelial 
changes. 

Figure 5.85. Inflammation usually included 
neutrophils (n), seen in sub-epithelial connective 
tissues and infiltrating the interstices between 
epithelial cells in spongiotic epithelium. Some 
were found within intraepithelial vacuoles. Note 
both small (<-) and large (1) targetoid Chlamydial 
inclusions. 

Figure 5.87 Sub-mucosal mature fibrosis was 
occasionally present indicating a velY long­
standing inflammatory process. In a large number 
of cases, changes of Chlamydial cervIcItIs 
occurred in a benign inflammatory fibro-epithelial 
polyp. 
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cases was selected from among the same specimens. The control for each positive case was selected by taking the first 

next specimen ofsimiJ8r type without evidence ofChJiltl1ydi,1i endocervicitis. 

Age distribution of patients with Chlamydia] infection 

The age distribution of patients in the group with features of Chlamydial infection was similar to that of the control 

group (Tables 5.14 & 5.15). The age distribution of patients with Chlamydial infection was wide, resembling the 

findings in Pap smears. 

Table 5.14 
Age distribution of patients found to have changes of Chl8111yd i<ll in fection. 

Age of pabenl in yea,"s No cases 

Year < 21 21- 30 31 - 40 41 - 50 SI - 60 61 -70 > 70 Unknown 
Chlamydia 

1993 I 7 20 IS 6 10 I 0 52 

1994 0 12 34 16 4 2 0 4 72 

1995 I 6 28 16 7 0 0 I 0 58 

1996 2 I 9 36 21 5 j 0 I 75 

Total 4 I 34 118 68 22 4 0 7 257 

5.4.2,2 MOIlPHOLOGIC FEATURES DIAGNOSTIC OF CHLAMYDIAL INFECTION 

The morphologic changes regarded as indicative of Chi ,11 nydia I cervicitis comprised ofa constellation of changes similar 

to those found in Pap smears. 

Inllammatory infiltrate 

An inflammatory infiltrate was usually, but not always present (Figures 5.84 - 5.86), The inflammatory changes were: 

(I) of variable severity; 

(2) were usually found in the region of the transition from ectocervix to endocervix; 

(3) associated with proliferation of small capillary vessels in the sub-epithelial connective tissue (Figure 5.84); 

(4) associated with a variable mixed inflamm(Jtory infiltrate usually including neutrophils, although the numbers 

v(lried. The neutrophils were found in both the sub-epithelial connective tissue and as intra-epithelial 

neutrophil leucocytosis. Neutrophils infiltrating the overlying metaplastic squamous epithelium were usually 

found in the interstices between the epithelial cells in spongiotic epithelium, but occasionally, neutrophils 

were found within intraepithelial vacuoles (Figure 5.85); 

(5) the inflammatory inliltrate usually showed both lymphocytes and plasma cells and, in many cases, these cells 

predominated over the numbers ofneutrophils. Follicular lymphoid aggregates that showed germinal centers 

were present in some cases (Figure 5.86); 

(6) ulceration with granulation tissue was very rarely seen; 

(7) sub-mucosal mature fibrosis was occasionally present suggesting a very long-standing inflammatory process 

(Figure 5.87); 
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Figure 5.88. Immature squamous metaplasia was 
a cardinal change always present and invariably 
extensive. Note the mucinous cells (m) overlying 
the immature squamous cells (s). The metaplastic 
cells showed "reactive" nuclear changes 
characteristic of Chlamydial cervicitis. A nebular 
Chlamydial inclusion is present (n). 

Figure 5.90. Some cases with features indicating 
Chlamydial infection showed marked nuclear atypia 
with irregularly shaped, hyperchromatic nuclei. 
Several targetoid inclusions are present (t). 

Figure 5.89. The enlarged nuclei in Chlamydial 
infection (A) were usually oval with fine nuclear 
membranes with smooth regular contours. 
Nucleoli were frequently found in Chlamydial 
infection. HPV infection (8) showed characteristic 
koilocytes with crumpled nuclear membranes and 
coarsely granular chromatin. 

Figure 5.91. Vacuoles containing RB ranged from 
I 11m to> 15 11m in size. 
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(8) in a large number of cases, changes of Chlamydial cervicitis occurred III a benign inflammatory fibro­

epithelial polyp (figure 5.87), (Appendix C). 

T~ble 5.15 
Age distribution of control patients without evidence of Chl<lll1yclj~1 infection. 

Age of patient in years 
No c~ses 

Year < 21 21- 30 31 - 40 41- 50 51 - 60 61-70 > 70 Unl\llown 

1993 I 9 17 16 6 3 0 0 52 

[994 2 " 31 21 4 I I I 72 

1995 2 5 21 19 7 2 I I 58 

1996 2 12 31 21 5 3 0 I 75 

Total 7 37 100 77 22 9 2 3 257 

Cha racteristic cellular changes in im rna ture metaplastic sq uamous epitheliu m 

Immature squamous metaplasia was a cardinal change that was always present and was invariably extensive. The 

metaplastic cells showed recognisable "reactive" nuclear changes regarded as characteristic of Chlamydial cervicitis 

(figure 5.88): 

(I) the enlarged nuclei were usually oval in shape and showed fine nuclear membranes usually with smooth 

regu lar contours, whereas H PV infection characteristically shows crumpled nuclei with coarsely granu lar 

nuclear membranes (Figure 5.89); 

(2) in well preserved specimens, cells showing Chlamydial infection showed fine wrinkling of the nuclei, with 

the wrinkles usually 10ngitudinaJJy arranged~ 

(3) generally, nuclei were not hyperchromatic and showed evenly dispersed, finely granular chromatin that was 

not clumped or coarse; 

(4) small inconspicuous nucleoli were frequently found in Chlamydial infection and are not a feature of HPV 

infection (figure 5.89); 

(5) some cases with other features indicating Cblamydial infection did show marked nuclear atypia with 

irregularly shaped, hypercbromatic nuclei. These cases frequently but not always showed HPV infection 

elsewhere witbin tbe cervix (Figure 5.90). 

Characteristic Chlamydial vacuolar inclusions 

Chlamydial vacuolar inclusions were regarded as characteristic of Chlamydia trachomatis infection. Their presence was 

considered to be an essential feature (Figures 5.89 - 5.92) if the presence of a Chlamydial infection was to be reported. 

An intra-epithelial vacuole alone was insufficient: the presence in tbe vacuole of characteristic intra-vacuolar bodies 

Chlamydial bodies (RB) was required: 



Univ
ers

ity
 of

 C
ap

e T
ow

n
Figure 5.92. Festooned Chlamydial inclusion (t). 

Figure 5.94. Mucinous endocervical epithel ium 
showed variable reactive changes that were non­
specific and not diagnostic of Chlamydia 
trachomatis infection. Occasionally, ciliated cell 
metaplasia was found (c). Mucinous cells showed 
enlarged, crowded nuclei, frequently with small 
nucleoli. Vacuolar inclusions (i) were not often 
found in mucinous cells. 

Figure 5.93. Vacuoles contammg apoptotic 
bodies were carefully differentiated from true 
Chlamydial vacuolar RB. 

Figure 5.95. Separation of CrN [ & II (A) from 
Chlamydial changes (8) was not usually difficult. 
An important clue to Chlamydial infection was the 
presence an inflammatory infiltrate and reactive 
nuclear changes with nucleoli (n) in immature 
metaplastic cells. A targetoid inclusion (t) is 
present. 
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(I) vacuoles containing RB ranged from .I fll1l to ,15 j.lm in size (Figure 5.(1). They were demonstrably '.vithin 

rile cywplasl1! of the metaplastic cells I:1nd showed <1 round, distinct, well-defined enclosing rnembrane: 

(2) mosl cells comained a single vacuole, but occnsional more than one vacuole W<1S found in i1 cell. In such 

circumstances, the adjacent vacuolar membranes were flattened (Figure 5.91); 

(3) three types of intra-vacuolar inclusion were irlentified: 

(i) lorge/aid eosinophilic or basophilic, (Figure ), 90) 

(ii) nehular wlth numerous smaLl round coccoid bodies (Figure 5.89); 

(iii) j('s{ooncJwith larger irregulflf festooned inclusionsJ6
,37 (Figure 5.92); 

(5) vacuoles containing neutrophils (Figure 5.85) or apoptotic bodtes were carefully diffel"cntiared from true 

Chlamydial vacuolar RB (Figure 5.93). 

Chl1ngcs in mucinous endocervical epithelium 

Ch(jnges in mucinolls endocervical epirhelium were regflrded as reaclive. These changes were variable, appeared to be 

non-specific ilnd were not found to be useful in the recognition of Chlarnydia [rachamali.:, infection. Tbe mucinous 

enrlocervicDI erithelial cells showed mild enlargement and crowding of nuclei and frequently showerl small nucleoli. 

Vacllolar inclusions were not often found in mucinous cells. Occasionally mucinous cells showed ciljated metaplasia 

(figure 5.9'1), 

5.4,1.3 RLH'TiVr: CHANGES IN THE ENDOCER"](',.\ L THANSiTiOl\,\L ZOi\lE EPITHELH!\'j 

Reacrive ,md rep;;lI"mive changes were recognized in immature squamous metaplasia in the transformation zone of the 

enrlocervlx,~'~ These changes were sometimes associated WJth reserve-cell hyperplasia and micro-glandular hyperplasia. 

Such changes \-vere frequently associated with a chronic inflammatory infiltrate. 

As has been described previously,2) mucinolls cells were frequently found within immJture squamous metaplClstic 

epithelium lining the transitional zone of the enciocerviC<'li canal. Usually these mucinous cells \vere arranged 

individually or in groups oftlNo or three celLs along the luminal surf"ce of tile melaplastic squamolls cells (Figure 5.08), 

but tl~ey were {liso found rleeper within the metaplflstic epitheliurn (Figure ).90). The cytoplasm of these rnucilioliS cells 

appe<lred paler than that of the metaplastic squamous cells, llnd was usually finely vacuolated (Figlll'e 5 .. 88, 5,(0). These 

mucinolls endoeervical cells stained positively for neutral and weakly acidic mucin with the APAS-D stnill. On 

superficial inspection; these cells could be confused for cells showing vilcuorar inclusions. However) carefut attention to 

morphologic rletail at highcr magnificmion allowcd sepilration of mucinous cells from vacuolated metaplastic cells, 

5.4.2.4 CHANGES DUE TO OTHER I~FECT!OlIS ORG.\NISMS 

Organisms responsible for cervical infectious causing morrhologically distinct changes thai may he found in histologic 

secrlons include HPV, HSV and Chlamydia. ls TiltS>;; organislTls are obligate intra-epithelial infectors and exhibit a 

dis:inct cylo-pathoiogic effect. Very rarely, germ rubes of Cundido species infiltratillg c{;Tvtcal epithelium may be 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Figure 5.96 A & B. Chlamydial infection was associated with an inflammatory infiltrate (i) and spongiosis (s). 
Metaplastic squamous cells showed more cytoplasm than CrN III and nuclei tended to be round to oval while in CrN 
III (C) nuclei were more elongated. Nuclei did not show angular, irregular contours and did not vary markedly in 
size and shape. Immature metaplastic cells in Chlamydial infection showed nucleoli, a feature not present in CrN III. 
Chlamydial infection showed typical vacuolar inclusions (c). 

Figure 5.96 C. The nuclear/cytoplasmic ratio of CrN III was much higher than for Chlamydial infection. Chromatin 
in Chlamydial infection was not as coarsely granular nor hyperchromatic as in CrN.IIl. CrN III was associated with 
numerous mitoses (m), a feature not seen in Chlamydial infection. 
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demonstrated in tissue sections (persona! observntion). During the study, no cases of HSV or Candida were 

demonstrated histologically. HPV with Chlamydial infection was freguent (vide infra 5.4.2.5). 

Numerous tissue specimens showed inflammatory changes without histologically demonstnJted cause. ["he causative 

organisms of many common cervical infections proliferate in exfoliated ce][s in the cerViCQ-vDginal lumen. II> Infections 

by Ih"cholnonas vagina/is. organisms of Candida speClC." and proliferation of Gardnerella vaginalis togerher wir!) mixed 

anJcrobcs were potential causes of such "non-specifIc"' inflammatory changes. JI
; In addiTion, int1arnrnatO!"Y changes rnay 

have been due to use of contraceptive creams, lUCOs. lubricants and cosmetic deodorants. 

5.4.25 :v!ORPIWLOGIC FEATURES SEPARATtl'G CftLAMYDtAL CHANGES FROM HPV & DVSPLAStA 

In a proportion of cases, eVidence of HPV infection and "dysplastic changes" (C1N) was present together with features of 

Chlarnydial infection. Using the published criteria for HPV infection~O-2: and for cn<,12-25 it was possible to separate 

changes due to Chlamydia from those due to HPV/CIN (Figure 5.89). Furlher. Ihe alypical cells of HPV and CIN 

generally occurred in anatornicaHy different locations within the cervix. An irnponant clue 10 Chlarnydial infection was 

the presence of a severe inflamnwtory infiltrate. 

Separation of Chlamydia I changes from changes due to HPV infection, ofCIN I. II (mild or moderate dysplasia) and the 

sub-type of Cl'\l III previously known as severe dysplasia was nol difficult The diagnostic features of these lesions 

occur in mature squamous epithelium11 
25 while the changes of Chlamydi81 infection arc present in immature metaplastic 

cells (Figure 5,95). However, the differential diagnosis of carcinoma in sjIU (C1N III) and Chlf1mydial infection W2lS 

potenti2l1ly more difficult. Differentiation between thc two conditions was dependant on several features in the immature 

squamous (metaplastic) epithelium (Figure 596 ): 

(I) whlle both lesions showed enlarged nuclei, Chlamydial infection showed relatively more cytoplasm thall CJN 

lIt. The nuclear/cytoplasmic ratio of CIN II[ was much highcr than for Chlamydial infection 

(Figure 5.96 C); 

(0' .~J nuclei in Chlamydral infection tended to be rOllnd to oval while in C1N III the nuclei were more elongated 

and sausage-shaped (Figure 5.96 C); 

(3) (he nuclear changes due to Chlamydia INcrc almost always dearly not dysplaSlic. The nuder did not' show 

angular, severely irregular contours and did not vary rnarkedly in size and shape (Figure 5.96 A,S ); 2.1·15 

(4) the chrornatin in Chlamydral infection W[lS not. as coarsely granular nor hyperchromatic as in CIN HI; 13·2> 

(5) jmmanm.~ metaplastic cells in Chlamydial infection showed nucieoli, a feature not present in CIN Ill; D-2) 

(6) Chlamydial infection showed typical vacuolar inclusions (Figure 5.96 A); 

(7) ClN [lJ was associated with apoptotlc vacuoles and showed numerous miLOses, features not seen in 

Chlamydia I infection (Figure 5.96 C). 

The number of histology specimens showing features of Chlamydial infection with conCllrrent HPV infection with or 

without Cl N was tabu lated (Table 5.16), 111e rate of reponing concurrent Chlamydial infection and H PV infection with 
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or without CIN over the four years of the study varied between 46% and 81 %. The incidence of H PY infection and CIN 

in controls was recorded (Table 5.17) and varied between 56% and 63%. Unlike the Pap smear study, the histology 

study did not show a trend toward reporting fewer CClses of HPY OJ CIN as the study progressed. This suggests that it 

was less likely to confuse atypia due to Chlamydia with changes due to HPY infection or CIN. Interpretation of Pap 

smear morphology is more difficult and complex than it is for histology sections. 

Table5.16 
lncidence of HPV infection and CIN occurring in association with Chlamydial infection. 

Year Number with HPV s CIN CIN I CIN II CIN TIl Total Rate 
C frae/lOrna/is No. Rate No. Rate No. Rate No. Rate 

1993 52 13 25.0 4 7.7 7 13.5 3 5.8 27 46.2 

1994 72 24 33.3 9 12.5 12 16.7 2 2.8 47 65.2 

1995 58 14 24.1 7 12.1 2 3.4 4 6.9 27 46.6 

1996 75 31 41.3 17 22.7 5 6.7 8 10.7 61 81.4 

Total 257 82 31.9 37 14.4 26 10.1 17 6.6 162 63.0 

The overall incidence of HPY (CIN disease in specimens showing evidence of Ch lamydial infection was 63.0% while in 

the control specimens the incidence was 59.5%. The slightly higher incidence in the specimens showing Chlamydial 

infection was not statisticaJiy significant. 

Table 5.17 
Incidence of HPV infection and CIN occurring in the selected controls (ie. without evidence of Chlamydial infection). 

Year "lumber HPV s CIN CIN I CIN II CIN 1II Total Rate 

No. 0/0 No. 0/0 ~o. °/0 No. 0/0 0/0 

1993 52 7 13.5 10 19.2 5 9.6 7 13.5 29 55.8 
1994 72 10 13.8 14 19.5 8 Il.l II 15.3 43 59.7 
1995 58 8 10.4 J2 20.7 6 10.3 8 13.8 34 58.6 
1996 75 II 14.6 13 17.4 10 13.4 13 17.4 47 62.7 
Total 257 36 14.0 49 19.1 29 11.3 39 15.2 153 59.5 

Table 5.18 
Incidence in the different types of specimen of HPV infection and CIN occurring in association with Chlamydial infection. 

Specimen type No. Chlamydia Chlamydia positive 

negative 
No. HI'\' CINI CIN II CIN 111 HP\'ICIN Suns 

HP\'/CIN 
Hysterectomy 1037 944 93 II 13 6 4 34 59 
LLETZ/cone bx 269 248 21 I 3 8 7 19 2 
Colposcopic bx 1320 1199 121 66 18 II 6 101 20 
Polypectomy 56 34 22 4 3 I 0 8 14 
Total 2682 2425 257 S2 27 26 17 162 95 
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5.4.2.6 THE ASSOCIATION OF CHLAMYOIAL CHANGES WITH HPV & OYSPLASL\ 

There were I 589 colposcopically directed biopsies or LLETZ/cone biopsies taken for the management of HPV/CIN. 

Only three of the I 037 hysterectomy specimens were submitted for management of HPV/CIN disease (two cases with 

CIN I and one case with ClN 11), Thus, useful comparison of the disease rales between hysterectomy specjmens and 

LLETZ/colposcopic biopsy specimens was possible. The occurrence of C[N and HPV infection by specimen type were 

labulated (Tables 5.18 & 5.19). The rales of Chlamydial infeclion with and wilhout HPV infeclion and CIN in 

hysterectomy specimens were compared with specimens obtained at colposcopy (colposcopical/y directed biopsies and 

LLETZIcone biopsies) (Table 5.20). 

Table 5.19 
Incidence in the different types of specimen ofHPV infection and erN occurring in specimens with oul evidence of Chlamydia I infection. 

Specimen type ~o. Chlamy. ! Chlamydi~ negative 

positive 
CIN I I I Suns 

No. HPV C1Ntl erN III HPV/CtN HPVICIN 
.~ 

Hysterectomy 1037 93 944 29 19 (2) J I (I) 0 59 I 885 

LLETZ/cOne bx 269 21 248 58 41 55 94 248 0 

Colposcopic bx 1320 121 1199 209 150 1 207 339 905 -I 294 I 
Polypectomy 56 , 22 34 2 2 i 6 0 10 24 

Total 2682 257 2425 299 212 279 1 433 1222 I 12~ 

CIN & HPV infection in patients with Chlamydia] infection (Hysterectomies) 

Amongst the] 037 hysterectomy procedures performed during the study, two were done to treat CIN I and one to treat 

CIN II. None of these three cases showed evidence of Chlamydial infection (indicated in parentheses in Table 5.20). 

The three cases were not included in the statistical analysis. Evidence of Chlamydial infection was found in 93 

hysterectomy specimens and four of these showed CIN III (4.4%). There were no cases ofCIN III in the 941 (944 - 3) 

hysterectomy specimens without Chlamydia! infection. The occurrence of the two cases showing both CrN HI and 

Chlamydial infection was not a chance event (p < 0.0005, X2 = 31.155). In respect of ClN II, there were six cases among 

93 (6.7%) cases showing Chlamydial infection, while ten of941 (1.1%) cases occurred without evidence of'Chlamydia] 

infection. The difference in these rates is significant (p < 0.0005, X z = 40.237). Similarly, thirteen cases of CIN I 

(13.9%) compared with scventeen cases in the non-Chlamydial group (p < 0.0005, Xl =: 40.237). Again, comparison of 

the eleven cases of HPV infection (11.8%) showing Chlamydial infection with the 29 cases without (3.1%) yielded a 

significant difference (p < 0.0005, Xl = 15.140). Thus, in patients with Chlamydial infection, higher than expected 

incidences of HPV infection and all grades of (TN were demonst.rated. 
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Table 5.20 
The rales of Chlamydia] infection with and without HPV infection and CIN in hysterectomy specimens were compared wilh 
specimens obtained at colposcopy (colposcopically directed biopsies and LLETZ/cone biopsies). 

Specimen No. Chlamydia Positive Chlamydia Negative NIL 

# sans willt with with with # sans witll with with with 
HPV/CIN HPV ClN ClN ClN HPV/CIN HPV CIN CIN CIN 

I " JII I " III 

Hysterectomy 1037 93 59 11 13 6 4 944 885 29 17 10 0 885 

CoJposcopic 1S89 142 22 67 21 19 13 1447 294 267 191 262 433 294 

Total 2626 235 81 78 34 2S 17 239t tl79 296 208 272 433 tl79 

Chlamydial infection in patients with HPV infection/ClN (colposcopic biopsies & LLETZIcone biopsy specimens) 

The number of colposcopically directed biopsies and LLETZ/cone biopsy specimens received during the study was I 

589. As expecled, Ihese specimens showed a high incidence ofHPV infection (21.1%) and CIN disease (59.0%), since 

the purpose of these biopsy procedures was the management of these conditions. Among these specimens, 142 showed 

evidence of Chlamydial infeclion (8.9%). Of the I 589 tissue specimens only 22 showed evidence of Chlamydial 

infection without evidence of HPV infection andlor CJN (1.4%). On the other hand 120 showed evidence HPV infection 

and/or CIN (7.6%) indicating a strong association between HPVICIN disease and Chlamydial infection (p < 0.0001). 

The rates of Chlamydia I infection with CIN III, CJN II, CJN I and HPV infection alone were each compared with the rate 

of Chlamydial infection without evidence of HPV infection and/or CIN (1.4%). The association of CIN JII and 

Chlamydial infection was not statistically significant. Amongst 446 patients with CIN 1Il, there were 13 with evidence 

of Chlamydial infection (2.9%) (p ~ 0.0508). However, 6.7% of 281 patients with CIN IT showed changes of 

Chlamydial infection, a significant association (p < 0.0005). Again in respect ofCIN I, 9.9% of212 patients showed a 

signifLcant association with Chlamydial infection (p~: 0.000 I). The occurrence of HPV infection without CIN together 

with Chlamydial infection was 20.1 % amongst 334 patients (p < 0.000 I). 

5.4.2.7 THE ASSOCIATION OF CHLAMYDIAL INFECTtON WITH ENDOCERVICAL POLYPS 

Of the 56 polypectomy specimens, 22 showed features of Chlamydial infection (39.3%) while 235 of the 2626 non­

polypectomy specimens (8.9 %) showed these changes. Comparison of the rates of infection in these two groups shows 

a statistically significant difference (p < 0.001). 

5.5 DISCUSSION 

Changes ascribed to Chlamydia1 infection, [.) panicularly the vacuolar inclusions, are regarded by many cytopathologists 

as non-specific, possibly degenerative or inflammatory changes. ;mcru/i(J 1,7,13,17 In a review of literature by Bernal el al,3 

meta-analysis of nine publications indicated that using criteria proposed by Gupta e( ai, I the sensitivity of Pap smear 

diagnosis of Chlamydial infection was 27% and the specificity was 79 %. Bernal el of concluded that" the 

examination of Papanicolaou-stained cervical smears can not be used at this time for diagnosing Chlamydial 

infections." Other authors regard the Pap smear diagnosis of Chlamydial infection as impossible. Geerling e{ at) state 
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tilat "Our results signify that the routine diagnosis of C. trachoma/is is nol only unreliable but that it is not 

possible. " 

5,5, I THE GOUl STANDAllD 

Most investigators who have concluded that Pap smear diagnosis of Chlamydial infection is umeliable have compared 

the morphology results with culture of the orgalli~m. Culture of the organism has been used as the gold standard for 

many years, but recently new techniques have shown thnt culture is less sensitlve than previously realised,!' ~6·58 The 

possibiliry that cytology smears may h(lve detected some cases with false~negarlve culture results was discussed by 

norman et a/.)I) These workers recognised the high specificiry of <lIltigen detectlon immuno-peroxidase staining 

(IP). A signiflcanl number (43%) of culture negatlve but rnorphologically positive Pap smears were shown by jp 10 be 

positive for Chlamydial antigen. Such a result could be interpreted in one of two ways. Either the culture results were 

false negatives, or the TP and Pap smear results were false positives. The high specifidfy of the lP where the antigen is 

located preclsely in the appropriate location was emphasised by Rlack.? 
~<) 

Dorman et oJ- accepted that the Pap smears 

had detected some false-negative cultures. Without stating it, these workers indicated that culture may not be the best 

possihle gold standard. Silvcrman60 also found that IP was a useful means to confirm the presence of Chlamydial 

infection in P(lP smears. 

The histologic study by Crum et OlIO IP staining for Chlamydial MOtvfP found antigen in the cytoplasm and 

membranes of the metaplastic and rnucinous cervical epithelium. Similar findings were made ,in Pap srnears by Donnan 

et al. 59 \1any of the vacuolar Lnclusions seen by Crum e! a/ did not stain positively for MO\1P. They regarded the 

inappropriate location of MOMP-staining as a serious problern militating against the identifying the inclusions as 

Chlamydia!. However, as noted in the introductory review, MOMP IS nol expressed in the vacuolar inclusions during the 

vegetative phase of the life cycle ofChl<1mydia, The proTein is synLhesized by the host cell anel is expressed in the host 

cell membrane. S
,9 These workers regarded their findings as anomalous, when in fact, the location of the antigen stallllng 

was entirely appropriate. 

Most cytopathologists make use of histology as a gold standard for cytologic di(lgnoses on n routine ba5;is. Therefore, 

the hisrologic study by Crum el a/c and the electron microscopic report by Michael el a/17 probahly had considerahle 

impact on attitudes to Pap smear diagnosis of Chlamydial infection, The present morphologic study was undertaken to 

investigate the hypothesis that the Pap smear is a potentially excellent too] for the detection of Chlamydial infection and 

rhat it is being ignored because of inappropriate use of rel?itively insensitive technologies as the gold standard. Since 

histology is the first court or appeal in a questionable cytologic diagnosis, a cornpJernentary histologic investigation was 

deerned necessary. However, once the diagnostic morphologic criteria had been refined, the intention was to confirm 

them using an improved and expanded gold standard as recommended by the CDC. 7 
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5.5.2 MORPHOLOGIC FINDINGS 

incidence 

the 48 958 smears were screened over a four year and 1141 cases were 

as Fewer cases were detected in the in 1 As 

the criteria were and "the of the screeners was sensitised to the cardinal 

features found with the infection. This resulted in a rate of detection (3 in 1996. The detection rate 

the last two years was 3.1 % and in the in the 

US. A recent in Mexico showed the infection in smears was 3 of 1 

an antenatal clinic61 ELISA and PCR with confirmation DFA T in uncertain cases, the same 

workers showed a of 2.4% of confirmed ial infection in these women. The incidence of 

infection in the South African population was not known. The arm of the examined 2682 

of the uterine cervix. Evidence infection was found In 257 (10.43 of these 

This incidence in the reflects a selected Most of the 

( 1 

infection 

and LLETZ/cone 

These observations may 

and treatment of Ch 

may be Ch 

features 

A constellation of cardinal features useful to make a confident 

in 

of 

It 

for 

infection was defined 

infection. 

that 

that 

the 

As the features characteristic of in fection in pap smears and tissue sections were essential 

similar The infection was associated with reactive and characterised the 

presence of vacuolar inclusions. 

Inflammation 

A characteristic feature was 

vacuolar 

cells sometimes within 

was first noted in 

was also a feature. 

with the interstices between 

ial vacuoles. The association Ch in fection with intra-

smears In tissue a sim i lar infi Itrate was seen and 

vascular evident in the 

sometimes of Is in these vessels was noted. These features were 

connective tissues and 

as indicators of active 

inflammation and cou Id differentiate true inflammation from so-called "normal" resident mucosa-associated 

cell in the genital tract. follicular aggregates with germinal centres 

were evident in smears and sections. 
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Several publications have characterised the inflarnrnmory intlltrate found in Chlamydial infecLion. tn particular, Kiviat 

ef a(2,13,:) regarded the inflammatory changes of Chlarnydiai infection (IS characteristic. These workers reported that the 

presence in Par smears ofhistiocytes and transformed lymphocytes was the rnost useful predictive feature of Chlamydia I 

infection. Paavonen ef ap.I2,i6,40 also regarded inflammatory changes as the most useful feature in the diagnosis of 

Chlamydia! infectioll. They regarded the presence of follicular lymphoid infiltrates in Pap srncars and in histology 

sections as the most useful feature of Chlamydia] infection. Paavonen has worked in both of these groups and the 

findings of the groups are complimentary. Transforrned lymphocytes generally originate from a germlnaJ centre in 

follicular Iymrhoid tissue 

In this rnorphologic study, lymphoid cells were almost always seen in the cases regarded as showing Chlamydla 

infection. There was no attempt made to study the phenotype of these cells using lymphoid rnarkers. Application of 

immuno-cyr.ochemistry to Pap smears could have heen problematic. Firstly, alcohol tixatlon routinely used in rap smear 

cytology requires refined laboratory procedures for sllccessful immunoperoxldase swining, Secondly, almost always, 

only one rap smear was available fOrln each patient. A panel of lymphoid markers could not be perfonned easily on one 

smear. However, with patient and careful lechnique, srnears can be dlvided into lhrce, possibly four areas for different 

antibody markers, rrolocols for such work could he implemented relatively easily in a good immuno-cytochemistry 

:aboratoty. On the other hand, studies of lymphoid phenotype could more easily he performed on serial seclions in 

histology cases. Fmther, cornmercially available irnmunoperoxidase reagents and automated techniques are usually 

optimised for Llse in paraffin-ernbedded, fonnalin-tixed specimens. Such work may be valuable and could be perfort1ied 

on selected cases in the future. 

Epithelial chenges 

The reactive epithelial changes were striking in both Pap smears and tissue sectlons and \-vere usually the fi.rst clue that 

Chlamydial infection was present. This observation has not received emphasis in previous descriptions of the 

morphology of Chlamydial infection. The irnmature metaplastic squarnous epi1helium occurred as sheets or groups on 

Pap smears, and was found in the transition zone in tissue sections. The metaplastic cells showed reactive chnnges 

including nudear atypia that could be severe. In cytology smears, it was possible, although sometimes difficull, W 

separale lhcse nuclear changes from HPV effect or intra-epithelia] neoplasia. In1erpretation of lhesc changes in 

histology sections was less difficult, although on occasion immature squamous mempJas(a wilh evidence of Chlamydial 

infection could he confused with CIN IlL 

In many cases, both Chlamydia] infection and HPV infection/CrN were present. It was usually possible to differentiate 

between the two condilions and recognise lhe cases in which both Chlamydia and HPV were present. Tn Pap smears) 

cells showing features of Chlamydia were usually separated in space on the smear from cells showing evidence of 

HPV/CfN. In histology sectlons, the two conditions were usually adjacent to one another, hut in scparalc localions. On 

occasion in both smears and sections, it was not possible 10 be certain whether bmh or only one of the conditions existed. 
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The atypical immalUre mc'tar)la,;tlc cdls associated wiTh clI!a""ye""' infection may well contribute to an increased rate of 

ASCUS and lesions in the CYlloJ(l)ZY laboralory. Retlogllitit>n of the orol1Oll)1\ v of in fectioflS 

in the Cvl'Olel"y laborEllOlV could offer an Onnmt"" to reduce in the incidence of ASCUS ThiS \-vas 

demonstrated the fall in lho numhors rCllortell oases of both ASCUS and CIN I as the Further, oven 

in tissue sce;tioos, an unwary pallholog,istmay 011 occaSion make a mistaken dUlgr,osis of intra-epithet;;,t neoplasia when 

the presence of im mature 

observation ). 

Clues to recognise the nOiP-neolplastic nallire of 

due 10 infect jon is confused with CIN III (own 

lonovrhol eil'inr,", were idcntifred. I" both smears and tissue 

seelions, the metaplastio ofien showed inter-cellular oedema (Slloligil)sis) and sometimes ao,mtholysis with 

coils sepatated by Oedema tlu id between the cells The of the '~'V"iV"'''' varied_ Sometimes on Pap smears_ the 

metaplastic cells were sometimes still attaehed to one MlOther by "inter·cellular or showed long 

cytoplasmic extensions that had been dravvn out the process due to the desmosomes adherenl to adjacent 

cells_ On occasions the acantholytio cells were entirely resembled corntlakes on a 

Criteria to separate atypia of nuclei due to Chlamydial infection from HPV atypia were formulated. Tn Smears_ the 

metaplastic cells seen in Chlamydial infection showed enlnrged; usually oval nuclei, with well~detJned, fine nuclear 

membranes, somelirnes whh longitudinally wrinkles. The cells showed dispersed and finely granular 

chromatin with a rniJdly hyperchromatic appearance (lnd infrequently, small !oconspicuous nucleok Although simllar 

changes were seen in well~preserved tissue sections, frequently fixation was not adequate to discern such fine detail. 

Tissues were generally better in small biopsy specimens) LLETZ and curettings, Despite the 

relalively poorer preservation of nuclear detail in tissue sections, Chl8!l1ydial infection showed metaplastic cells with 

reialiveJy abundant, frequently and norm()~chr()mic nuclei. fn comparison, CIN III showed 

darker morc irregular nuclei with less 

correct diagnosis. 

Chlamydia! vacoolar inclusions 

The characteristic Chlilmydial inclusions 

cytology preparation:; showed a 

Careful attention to identifying these leahlres assisted in reaching a 

from I ~Iln to 15,Lm in size, The inclusions in bOfh histology and 

we!!~defined membrane and characteristic intra~vacuolar 

inclusions. The detail of these inclusions was almost better seen in SmearS. The entire indusJon was present 

in the intact cells and cOllld be visualized careful d-('IO~!J1 tJne focusing, In thin tissue sections (5m,l), the slice 

timcll"h the ceJls and the tntl-a-l:pJlltlcl vacuoles often revealed ifltTa~VacLiolar content On occasion thicker 

sections showed more detail of the intra~vacuolar inclusions, 

In both histology and 

consolidated rhe five 

'p';Vlllle,,,, three types of Jntra-vacuolar inclusions were seen. This classification 

described into twO TillS diVIsion of mclusions collected 

"granular" and "h'omog'en(lus central target formations" described Shiina into IaY-Jleloidfnc/usions (either eOcfll1op,0:1,rc 
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or hosophilic). The vacuoJes that contained nlimerOus small round coccoid bodies were designated nebular and 

corresponded to the "eosinophilic" and "hacrnatoxy!illophilic" inclusions as weI! as the "nebular" inclusions described 

hy Shiina. 2 The inclusions comaining srnaJi coccoid bodtes were nO[ separated into fine granular and conrse granular 

inc.llsions as Shiina had done. Lastly, the .festooned inclusions wirh large irregular basophillc threads had not been 

previously described. These "vere shown ro be Chlarnydinl ~(\17 

Only vacuoles that were derr\oflstrably within [he cyloplasrn of viable rnetaplastlc cells that showed no evidel1ce of 

karyorrhexis or karyolysis were accepted as Chlamydia!. BCrOfC Z! diagnosis of Chlamydia I infection could be rendered, 

the presence of at least one of these inclusions was regarded CIS essr.;nlial. Usually severClltnclusions were demonstrated 

in a smear or section and very seldom was only one rype of inclusion present. The reason for lhe variety of appearances 

remains conjectural. 

5,5,3 THE CO~TROVERSY IH:GAi<f)l:-lG CHLAolYl)lAL INCLlISIONS 

Opinion rep,arding the nature of vacuolar inclusions seen in Pap smears showing Chlamydial infection varies. Some of 

the vacuolar inclusions Me recognised (IS Chlalnydial.l"~.I .. <).~"'.1<)16)('.3!.~5j<).6': The variety of morphologies probably 

reflects different phases in the lite cycle of the Chlamydia! organism. :-~.S.<).:<)JS Others have e;..:r-ressed the or-inion that 

rnany of the vacuoles contain mudnous inclusions. :-"'.11: .. 17 or reflect degenerative or inflammatory changes, 1.)7.1~, or 

contain bacterial debris. 41,50 It is noted that in tile textbook by KOSS2G (pp322, Figure 10-IOA) the photomicrograr-h 

illustrating reactive mucinous cells in cervicitis shows a nebular type (Shiinai Chlanlydial vacuolar inclusion. 

:vtuclilons inclusions 

Gupla el of: warned that targeroid intra-vacuolar inclusions bore;] close resemblllnce to mucinous inclusions described 

to sornelirnes occur in adenocarcinomas by Spriggs e! 01.29 These workers offered rhe first cytologic description of 

mucinous vacuoles. The vacuoles were found in metastatic breast carcinoma cens present. in peritonea! and pleura! 

serOus fluids.=" The "vacuoles" contained mucinous material that stained with alcian blue and PAS with prior ptyalin 

digestion. With the Papanicolaou stain the inclusiolls were eosinophilic. USing EM, rhe "vacuoles" were found to be 

i!ma-cellular lumina lined by microvilli. Some of the intra-cellular lumina contained a central mass of electron dense 

material presumed to correspond to the mucin stained by PAS. Simili1r fe21tures had previously been described in an 

ulmlstrucruraJ investigation of prirnalY carcinoma of the breast,('s and are also a useful diagnostic feature in l1]alignant 

mesothelion),l.(,() lnlra-cellular lumina occur in variOliS adenocarcinomas but have IlOt been described in non-neoplastic 

proliferations. &7 

GlIptJ e! all investigated the possible "mucinous" nature of vacuoles seen Pap smears with Chlamydial infection without 

reaclllng a defInitive conclusion. Variable numbers of the targetoid vacuoles were shown to be diastase-resistant PAS 

positive (PAS""') and mucicarmine positive. The results """ere considered eqUIVOCal because the results were variable. In 

Shiina,: a higll proportion of the non-nebular vacuolar inclusions (between 67%1 and 8) (%) were PAS -j but <?{~'0 of 

nebul8r inclusions were PAS I. Shiina considered many non-nebular inclusions to be "mucinous inclusions". 80th 

Gupta e! al and Shiina indicated that diastase pre-treatment of the smears prevented detection of glycogen produced by 



Univ
ers

ity
 of

 C
ap

e T
ow

n

122 

the organism. However, the PAS~djastase rnethod docs also stain complex carbohydrates including lipopolysaccharidcs 

(LPS) that are not susceptible to diastase digestion. Chlamydial inclusions containing retlcular bodies contain LPS8.9 and 

could be PAS + for this reason. More sophisticated histochemical characterisation of the content of targetald inclusions 

in Chlamydial infection is required. 

The investigation of Chlamydia] vacuo 1M inclusions by GuptF! e{ a( included IF staining, These authors noted that 

Chlamydia] antigen was found by IF in dense inlmcyloplR,Smic inclusions bodies within large vacuoles (targetold 

inclusions), Shiina2 used a monoclonal mouse r1ntibody to identify species-specific Chlamydial antigen (Ortho 

Diagnostic Systems). Although the target antigen was not slated tn the paper, this antibody could only have been an anti­

MOM P antihody. The species-specific sub-typing of the 15 sero-types Chlamydiae is determined by varintions in the 40 

KD MOMP protein. e,g A review in 1997 of product monographs from eight suppliers [Biodesign International (USA); 

[liogenesis (UK); BioGenix California; Capricorn Products Inc (USA), Chemicon International Inc. (USA): QED 

Bioscience Inc. (USA); Virostat (USA); Ortho Diagnostics (USA)] revealed that commercially available species-specific 

antibodies that were suitable for testing fixed tissue were aJI directed at MOMP. This being the case, the antibody used 

by Shiina would have limited his search to detection of elemental bodies (E8) and their immediate precursors,s.') The 

deteccion system used in his study excluded the early vegetative forms of Chlamydia (RU) likely to be present in many of 

the vacuoles seen in metaplastic cells. Shiina's conclusion that only so called nebular inclusions were diagnostic of 

Chlamydial infection was therefore not valid. Detection of LPS. the dominant antigenic detemlinant of early vegetative 

forms of Chlamydia,g,,) requires detection systems that llse immunofluorescence labeling and fresh-frozen tissue. 

The EM appearance of large perinuclear inclusion hodies was briefly described by (Jupta ef all as containing 

degenerative-type myelin bodies. Using EM, Hemy el alii were able to find Chlamydia] organisms (elementary and 

reticular bodies) in only one of six 'Type 111" (non-targetoid nebular-type) inclusions. This correlated with finding 

MOMP by the Chlamydiazyme (ELISA) test in one of the six patients with nebular inclusions. II is not clear whether the 

Chlam.:vdiazyme-positive case was the same case showillg elementary and reticular bodies. The targetoid inclusions 

investigated by Henry et al were shown by EM to contain amorphous material and showed no Chlamydial organisms, yet 

three of these five were Chtamydiazyme-positiye. In ::heir summary, Henry el al noted that EM "revealed Chlamydial 

organisms to be present in only nebular inclusions", thereby promoting acceptance of the nebular inclusion as the only 

diagnoslicall.y acceptable marker of Chlamydial infection. A more accurate conclusion may have been that since 

organisms were found in only one of II patients, results of the EM study were equivocal. 

SwansonJ eXJmined the ultrastructure of Chlamydia I inclusions from cell cultures and compared these controls with 

biopsy material from two cases of endocervical ChlarnydiZlI infection. He found the three typical forms of Chlarnydial 

organisrn in electron micrographs from both the controls nnd the patients. The electron micrograph in figure 2 of this 

pUblication (Journal of Infec1.ious Diseases, 1975, U: 682) shows an intraepithelial vacuole larger than the cell nucleus 

(perhaps 12 15 mJ.-l in diameter). In the centre of the vacuole a large amorphous mass of intermediate electron density 

is present with numerous elernentary, reticular and interrnediate forllls arranged to\.vard the periphery of the vacuole. 

This vacuole with Chlamydial incluslons resernbles rhe electron micrograph of a targetoid inclus~on shown by Henry e{ 
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a/" (ACla Cytologica, 1993, 37: 347). On examinalion of such a vacuole by lighl microscopy, il is likely that the 

dominant feature would be the large central targetoid amorphous mass. Swanson et 01 showed such an inclusion to 

contain Chlamydiae while Henry et 01 did not. 

Intra-cellular mucinous vacuoles have been described in mallgnant glandular cells.2
') In the present study, thae were no 

cases of cervical adenocarcinoma among the Pap smears and hislology cases, nor among cases assigned to either of the 

control groups. It was therefore not possible for mucinous vacuoles due lO endocervical adenocarcinomll to be confused 

with Chlamydia] infections. Mucinous vacuoles occurring in adenocarcinomas, for example in the breast and stomach, 

(Figures 5.21; 5.70) were frequently encoumered in both cytology and histology specimens submitted to the practice 

during the study period. fn cytology smears, the Papanicolaou-stained adenocarcinoma cells showed mucinolls vacuoles, 

in which the mucin indusjons were found t.o be cyanophilic rather than basophilic (Table 5.9). The cyan colour in 

Papanicolaou st.aining is distinctive and although rhe difference is subtle, the colour is different to haemaroxylinophiljc 

(basophilic) staining (figure 5.21). 

Papanicolaou developed his stain progressively over years of experimentation.:n The empirical "design" of the stam and 

several published variations to achieve different effects has resulted in a \.vide range of tinctornl appearances of different 

cell types and other components pan of the of the gynaecologic Pap smear. ~7 Thus, keratinised cells are orangeophilic 

(Orange G) while intermediate and immature squamous cells are an aquamarine blue. Nuclei are dark blue/black, 

nucleoli red and chromocentres blue, GJycogen stains yellow (Orange G) and mucous streaks show a delicate malachite 

green appearance, Mucinous cells show grey slightly basophilic granular cytoplasm unless Eosin Y is used, when the 

mucinous content of cells is pink. (Figure 527). For this reason, the particular variation of the Papanicolaou stain used 

during the study made use of all EA solution containing Eosin Y. Without the necessity for special staining, this merhod 

allowed clear distinction of endocervical mucinous cells from non-mucinous metaplastic squamous cells that frequemly 

occur together in a single cluster) 27 (Figure 531), 

The mucinous vacuoles in malignant breast cancer cells stained using this st.aining method were cyanophilic not 

eosinophilic nor basophilic, presumably because the mucins in these two cell types are chemically different. However, 

wi[hou( specific investigation of the chemistry of the mucin-types stained by Eosin Y, it seems possible that eosinophilic 

targetoid inclusions may have contained endocervical mllcin. Funher, it ~s not possible to totally exclude the possibility 

that mucinolls vacuoles and Chlamydial basophilic targetoid vacuoles could be reliably differentiated from on another on 

the basis of colour alone. 

The EM investigation by Henry et a/ 17 showed that thick-walled intracellular "vacuoles" with coarse granular inclusions 

sl10wed microvilli '.vithour: Chlamydial organisms. These intracellular lumina would appear to conform to the feaLUres of 

"mucinous" vacuoles described by Spriggs el 01.
2
') Thus, Henry et al17 have demonstrated that some of the vacuoles 

examined were indeed mucinous, indicating that these vacuoles are not confined to neoplastic proliferations, However. 

the light microscopic appearance of the mucinous inclusions found by Henry ef al was nOl targetoid. The proven 

eXistence of intra-cellular lumina/mucinous inclusions by EM reveals that these are lhe thlck-walled coarsely granular 

type of lnc!usion reported by Shiin<l. 
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Although it was never properly proven, the suggcslion first made by Gupta et all and supported by Shiina,!. that targeloid 

inclusions may be mucin vacuoles, the notion has found widely acceptance (lS a faCL rhe assumplion that the targetoid 

vacuolar illclusions were mucinous inclusions was readily used to explain the failure to show Chlamydial antigen by [P 

or DFAT in (l proportion of cases. 2
.],'<1 Other workers have speculated [hat rhe vacuoles contained cellular; ncutrophl1 or 

bacterinl debrjs.17.42.~_' 

Reactive & degenerative Vacuoles 

Glipta e! al I also nmed that Chlan'lydial vacuoles may resemble those foulld in Pap smears showing "re<lctive, reparative 

or degenerarive changes." This idea was supported by other subsequent publications. 17.26.27.,l] Accordingly, during the 

present study, the vacuolar changes ascribed to Chlamydia had to be characterised and separated from similar non­

specific "reactive or degenerative" vacuoles. Criteria defining reactive, reparative or degenerative cbanges and cell .rlearh 

were taken from descriptions in standard cytology literatl.1re. in
/
er 

aila 22.27 Particularly useful features in separating 

reactive) repararive and degenerative changes were found in the nucleus of the cell (Table 5.7). Sornetirne very subtle 

differences in the <:1ppcaranccs of the vacuoles were critical in ascrtbing a cause of vncuolar change. The cytologic 

fealUres most useful in separating varJous vacuolar changes into different categories were defined (Ta.ble 5.9). 

The Chlamydial vacuo[c:s occurred almost exclusively in metaplastic cells so that confusion w~th mucinous vacuoles was 

not likely. Mixcd gmups of cells with both mucinous and metaplastic cells did occur but separation of IT"lUcinous 

cytoplasm from cells with well-dcftned rnucil10us vacuoles was easy. Misdiagnosis of inflammatory or degenerative 

vacuoles in metaplastic cells as Chlamydial vacuoles was a more likely possibility, Vacuolar changes in macrophages 

were less easily confused. Chlamydial vacuoles usually occurred singly in cells and showed well-defined enclosing 

memhralles. They were very vadable in size and contained characteristic inclusions. Frequently inflammawry vacuoles, 

defined in this study as containing neutrophils or neutrophil debris, were also seen in Cblarnydial infection. This 

association had been previously described. 1I [n contrast degenerative vacuoles were mOStly multipJe. variable in size, 

usually smaller, and did not contain inclusions. Apoploses were sornetirl:"les seen in smears showing degenerative 

changes. To avoid mistaking degenerative vacuoles fOI" Chlamydia I infection, criter.ia for recognjsi.ng cell death and 

apoptosis were strictly applied. The diagnosis of Ch lamydin infection was on Iy made if appropriate vacuoles were found 

in viable metaplastic cells. 

Tile reason for the variable appearances or Chlamydial "vacuoles remains conjectural. The different morphologies 

prob()bly reflect different phases in the life cycle of the Chlamydial organism. LO.'J.4
1
.61 Gupta l and Henry el al 17 

speculated lh3t some of the vacuolar changes might represent degenerative phenomena occurring during the course of a 

Chlamydial infection. This view may explain why EM or immunologic marker studies were not able to demonstrate 

Chlamydia-speciflc components in some vacuoles. This view seems sensible, and in particular may explain the frequent 

occurrence of inf1nmmatory vacuoles with neutrophils within them. It)s possjble that as part of the inflammatory 

response to the infection, neutmphils infiltrate Chlamydial vacuoles lhat have ruptured and released EB. 
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Another possible reason for some of the morphologic variants of vacuoles is artifactuaJ changes occurring during the 

smearing andlor the fixJtion process. Cells and tissues fixed for light microscopy represent an arrifactual snapshot. of 

cellular appearance in (I dynJmjc living process. Precipilation of proteins by alcohol during fixation of Pap S:l1cars 

prob(lbly (lIters to some extent the morphology of the inn'a-vacuolar components of Chlamydial inclusions. Similmly, 

cross-bnking of cellular proteins by formaldehyde in th~ fixation of tissue for histology could induce certain cellular 

artefacts. The influence of osmotic forces on mlra-ceJlul8r v8cuoles during the fixation process may also be inlporrant in 

considering tile variety of appearances seen. T:le morphologist examilling any fixed tissue or cellular preparation 

recognises artifactual changes as the "normal" microscopic features. Although possible in some circumstances, the 

i1licroscopist usuall) bas no "vay to eXnmjne ["he cell ill ils native state, Investigation of the possible role of fixmion 

8rtef8cr in causing or altering thc appearance of the vacuolar ch,mges seen i:1 metaplastic cells showing Chlarnydial 

infection may prove illuminating. 

These speculations aside, the inclusions were recognised 8S part ofa characteristic inflammatory process as seen in fixed 

tissues or cells, Since the variol1s types of inclusions always occurred together and in the same setting, it seemed 

dlogical to regard only one or other type as Chlall"lydi(ll in origin. Rather the inclusions were regarded as variants 

occurring in the same disease process. 

'iS4 THF POSSlGU: RELATIONSlIlP BETWEEN CIlALMY!)IAL lClf£CTlOl' A:'<D CERYICALC'AROr<OMA 

There are numerous reporls in the literature orat! association between Chlamydial infection and "i1bnormar' Pap smears, 

intra-epithelial neoplasia and invasive squamous carcinofll8. iJiI
C''' ,,fw G"·6~.~g<;i The rising incidence of cervical 

adenocarcinoma requires explanation,·11."1'] Variable 8lypia of endocervical mucinous cells was seen in Pap smears and 

micro-gl8ndular hyperplasia with atypia \\'3S found ill tissue sections during the study. Fibro-epithelial endocervical 

polyps frequently showed Chlamydial infection. The presence ofChl8tTlydi;-1I antigen in endocervical mucinous cells has 

been documented by IF and JP.i"IC'(Uiio t,tO,15 HoweveL (lny (lSSOci3tion between Chlamydial infection, gl(:lndul(lr atypia 

and carcinoma is entirely speculative at the present rirne. I f there is indeed an association betvveen Chlamydiae and 

carcinogenesis, accurate diagnosis of the infection in both Pap srnears and tissue sections could be of signij-)canl 

importance to patient care. Mccsi el 0/,7
5 have indicated th8t epithelial f'ltypii1 associated 'with C11arnydial infecrion is 

reversed by successful antibiottc therapy. 

Differ-ential diagnosis of Chlamydial epithelial th:ingcs find HPV/CJN 

Assessmem and sc:pJralion of Chlamydia I epitheJial changes from HPV effects and/or intra-epithelial neoplasia becarne a 

very import8rlt pilrt of the study. In the ChlamycE<i-inf'ecLed pOpL:lalion, there was a significantly higher ASCUS mte 

(53 'I 000) 1118n in the control group (15/1000) (P < 0.0005). As Ihe sl\ldy progressed, the rate of ASCUS diagnoses fell 

from 15],,1000 tn the firsl year to 48!IOOO over the last three years. This fall io the rate ofreporllng ASCUS in the 

Chlamydia-infec~<2d patients was statist~cally significant (p , 0.0005). l.t becanie clear as the study progressed that many 

cases resembling ASCUS could safely be ascrihed LO Ch.lamydial infection. The study showed that recognition of 
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ability to separate Chlamydial atypia from I1PV effect and CIN l. In Pap smears, the rates of CIN II and ell' III in the 

Chlamydial infected group and the control groups were not very dtfferent. 

There are numerous reports in the Jit.craturc of an 3<.;sociarion with "abnormal" Pap srnearsG3 and "dysplasia.,,6J.!Ay;,-?,j 

Although in the present study there was a notably higher rate of erN I} and a slightly h,igher incidence of CIN HI in the 

pmients wi1h Chlamydinl infection) these differences were n01 found to be statistically significant. Similar findings were 

reported by Mecsi e/ uC5 One possible explanation for the finding is that there is indeed no association between 

Chlamydial infection and elN. This conclusion has been reached in several publications."j6.70 It is possible that oHler 

workers~O.('].69 have over-called a prOfwrtion of CI;..J cases, not recognising that the atYris due to Chlamydia may 

resemhle intra-epithelial neoplasia. 

The differenr opinions expressed in the cytology literature63
,69,70,7

G
-7'1 may possibly be explained hy findings in the present 

study. This cytologic morphology study showed 1ha1 in respect of low-grade intra-epithelial neoplasla and I1PV 

infection, a learning process occurred as diagnostic criteria were refined. It seems possible that in the past, other workers 

may have confused Chlamydial atypia with low-grade intra-epithelial neoplasia, or put another way, thal the diagnostic 

criteria used for Cll" I differed, The reproducibility of cytologic diagnosis of HPV infection and Cf~ I is known to be 

less [han opUmaJ wtth high inter-observer and intra-ohserver variability.8o The Rethesda Syslem 25 for the classification 

of cervical intraepithelial neoplasia has set down criteria to address this prohlem. The Bethesda nomenclature was not 

used tn this work because it has not been accepted for histologic reporting and correlation of cytology reports and 

histology reports was necessary, Ilowever, the refIned and precise Rethesda criteria were lIsed in the present study, 

This may expJain the failure to corroborate an association bctween Chlamydia and CrN T (low-grade in1ra-epithelial 

neopJasia). Certainly, use of the Bethesda criteria was regarded as critical in reductng (he ASCUS rate and enabled clear 

separation of Chlamydia I atypia from CI:..J lin most cases. 

On the other iland, in respect of cn" lIJ (high-grade intraepithelial lesions), use of the Bethesda criteria may not entirely 

explain the discrepancy between the present study and the findings of many other workers. Reproducibility of CIN [JI 

diagnoses belwcen observers is known to be much better:'s.8o A possible explanation for rhe failure to demonstrate a 

significanr association between Chlamydial infection and CIN HI is that insuffJc,icnt numhers (45) of patients with CIN 

1fJ were studied. The control population iocluded 21 patients with CIN III (rate 1811000) and the Chlamydia-infected 

popUlation revealed 24 patients (rate 21/1000), The difference benveen these rates was not significant (p --- 0.6770) The 

nHe ofCIN If I in the present study was higher than 4.6/1000 that was reported in a prcvious study by Learmonth e! at" 

from Cnpe Town. The population screened and reponed in the Learmonth et 0/
61 study was an estahlished community 

th(lt had been regu[arly screened and was likely 10 show lO'Ner rates of Cl'1\ Ill. On the other hand, the rate of CIN III in 

the present study was lower rhan 20.2/10003sand 28/1 oooj) reported in two recent stlldies conducted in Johannesburg. 

The populmion screened in Johannesburg comprlsed of urbanised black women who had not been screened previous]y 

and were likely to have higher rates of ClN IlL The rOle in present study control group (18/1000) was intermediate 

betWeen these two disparate reports. 
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The above points not withstanding, evidence reported :1/ the literature for an association between FfrV infectionJCIN and 

Chlilrnydial infections appears to be sOLind and is well documented. For example, in a retrospective stlldy' conducted in 

Johannesburg, Harn~kf1r e/ a/
70 followed 54 patients with Chlamydia I infection for at least two years. In comparison with 

57 conu"oJs, these palients demonstrSlc.d a biopsy-proven accelermed progression to CIN HI. 11 should be noted that 

apparent rapjd progress of in(raepithelial neoplasia as gauged by repeating smerlrs may on occasion be due to improved 

representlviry ofrhe repeat smear. The question ofwhc:hcr or not Pap smears show an nssociation between ChlarTlydial 

infection and cervical intra-epithelial neoplFlsia remnins unanswered by this study. It appears (herefon.:, that this question 

should be further investigated, The matter would probably be better investigated if the s(3rting point of such a focused 

swdy \,-vcre to be collection ofnLlrnerous Pap smear cases of intra-eptthelial neoplasia or carcinoma. 

Contrary to the Pap smear study, the \vork lIsing r~ssue sections from hysterectomy specirnens, colposcopically (Erected 

b\opsics and LLETZ!cone biopsies resulted in all l:nequivoca: demonstration of iJll association betwecn Chlamydia! 

infection and HPV infection (p' 000(1), ClI\ I (p 0,0001) and Cl" jj (p" 00005) Tlle higher incidence ofCl:'j III 

with Chlamydial infeccion was not stalislically signiflcallt in colposcopically directed biopsies and LLETZicoDe biopsies 

(I' 00508) bCl it was in tile hysterectomy specimens (p' (1,0005), 

The larger sections of tissue taken from hysterectomy specimens may explain the better detection of Chlarnydi;::!1 

infection ill hysterectomies. Evidence of Chlamydirll infection was usually seen adjacent to the Cn\, and was neither 

recognised nor recogniS8blc within the focus ofCn\. Colposcopically biopsies wcrc much smaller specimens directed 

by skilled colposcopists at CIN lesions and were nol intended to sample bcnign squamous metilplastn in vih.ich 

Chlamydia \vas found. Thus it WlS possible {hal Chlamydial infection was misscd in some patients lIndergoing 

colposcopically directcd biopsy. On the other hand, LLETZJcone biopsics were larger spec)mcns and possibly morc 

likely to reveal an adjaccnt Chlamydia I infection. 

rhe morphologic features of HPV infection are seen Hcj?cenl to Cl\ III and cnnnot be recognised within the C[r-; !fI 

itself s: Early srudies using irnmunoperoxidase delection of HPV antigen werc nO[ able to demonstrate IIPV wilhin the 

C!,t\. Only WIth subsequent testlng usiflg PCR was detecr;on of integrated HPV 0'1\/\ wlthin CI'I\ III possible.D
. sz· 8": 

Tlis could also be the case with Clll31Tlydinl infect:oll. 

Cervical carcinogenesis by oncogenic strains of HPV has been well described. :I\l~r n;i~ 2,·U;1· 86 fntegration of HPV DNA 

sequences into the host cell genome results in disruption of rnechanisms controllinf.; the cell cycle. HoweveL there is 

evidence lhm HPV is not the sole ciJrc)nogen.S7 Vnrious candidaw co~c(lrcinogens have been pur forwmd including 

- II'd -r'f d'" k' "~'"'I I' \K'd <>c's I f reponema pa I lim, l J"lC IOmona .1, cIgarette SinO lng.~· r elpes SImp ex virus} an spermarozo<l. , evera 

publlcations7
{),7S-S0,91-'1) ~mplic8te Chlarnydia in [he genesis of cervicnl intraepithelial neoplasia and invasive squfl[nOUS 

carcinom<1 of the cervix on an epidemiologic basis. It is possible that Chlamydia may be 3 co-bctor wirh HPV in the 

developmenl of cerv!cal carcinolTlR. The presence of Chlamydia.1 DNA in cells adjacem 10 C1N III and cervical 

carcinorn<1 h(ls been demonstrated by Sch lott el. at'" in situ PCR in tissue sections. However, as yet <1 possible 

causal relationship between Chlamydial infection anc! the HPV-CI'I\~carcinoma sequence hilS not been established. 
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Although carcinogenesis due to bacterial infection is not a widely recognised phenomenon, a slrong association behveen 

Heli(:obacter pylori infection and gastric carcinoma .and lymphoma has been established.!)4.!)') The mechanism of 

carcinogenesis appears to be indirect9S
,!)!) and associated with chronic inf1ammation with prolDnged immunologic stimuli, 

cytotoxin production, secretion of high levels ofgastrin and gastric acid. There are some similarities and several obvious 

dissimilarities between the circumstances of H pylari-associated carcinogenesis and Chlamydial infection. Ho\vevcr, 

the H pylori nlOdel reveals that the influence of an organisnl on the environment of cells vulnerable to other 

cJrcinogenic rnechanisms may be profound. 

Mechanisms of carcinogenesis have been ascrihed to Mycoplasmafermemans and M. penetrans. IOO These organisms are 

close relat!ves of Chlamydiae (;lnd (;lre similar oblig(;lte inrrJcellu\ar bacterl(;l. These [xHiicul(;lr A1ycop/asmidae are capable 

of transforming C31J rnouse ernbryo cells by multistage progression. Increased expression of H-ros and c-m.yc rnRNA, 

and prominent chrornosornal alterations were associated with the malIgnant transformation of the C3H rnouse embryo 

cens. The transformed cells were able to form tumours m animals. Similar studies using Chlamydia could prove 

ilhlmlnatjng In the search for co-f(;lctors in cervical carcinogenesis. 

further rnorphology-b(;lsed study of Chlamydia infection occurring adjacent to CIN or cervical carcinoma might be 

augrnented by in situ DNA hybridizat.ion or in sill! PCR detection of Chlamydial DNA, Such a study could include a 

search for oncogene expressioll by use of PCR and or DNA hybridization techniques !ll mlcro-array. Integration of 

Chlamydial DNA in the host genol11e may be demonstrated. and could cause aHeration of regulatoJs of the cell cycJe. 

Alternatively, epigeneic Chlamydia-mediated control mechalllsms rnay influence the cell cycle, It has been established 

already that simil.8r to viruses, Chlamydia subvert cellular metabolism, resulting in expression of Chlarnydia-spedflc 

MOMP in the host cell membrane.') 

5.5.5 CORROllORH10N OF MORPHOLOGY 

A large number of publications have concluded that the morphologic diagnosis of Chlamydial infection on Pap smears is 

unreliable because of row sensitivity and specificity. iota ufi" J,7YJ-15,17,l&,2S,1'UD-4S These publications indicate poor 

correlation between Pap smear diagnosis and other corroboratory rests. frequently, culture of the organism has failed 10 

confirm the diagnosis in a significant number ofcases.)~·I'U4.4I,4]-45 Other ,"vorkers have used direct immunofluorescent 

(Df'AT)'I,i? 1~,42"45 or immuno-peroxidase staining for Chlamydial MOMP. JO Poor correlation of Pap smear dIagnosis 

and serology, usually using ELISA detection methods h(;ls also been reponed, ) 1,17 On the other hand, a few publications 

have indicated that findings in Papanicolaoll-stained have been corrohorated by culture sludies45 and by immuno­

peroxidase staining techniques,JS,44,61 

There is universsl belief amongst practitioners of cytopalhology in the process of confinnstion o[ cytology by biopsy, 

and thaI histology is a reliable gold slandard. Colposcopy was performed on patients showing C1N Hand CtN HI, and in 

those cases \vith associated Chlamydia infection, .some hiopsies did show the rnorphology of both processes, During the 
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study some colposcopists reponed that they could recognise immature squamous metaplElsia with intlarnrnation and 

separate these changes from irlt(a~eplthelial neoplasia. Ilowever, ir was not appropriate ro subjecr patients to colposcopic 

biopsy to confirnl Chlamydial infecrion alone. Histology could not be lIsed as a gold standard in follow-up of individual 

patienls showing Ch!amydial infection on a Pap srncar. 

The parallel sludy on histology spccirnens of the cervix subrnitted to the laboratory did show (he same morphologic 

changes seen in Pap srnears. The presence in tisslie specimens of a similar constellation of featllres was regarded as 

strong support for the cytologic criteda. However, it remained necessary to prove that this conslellation of changes 

found in both cytology and histology specimens was due to Chlamydia Irachomalls infection. 

Clearly it was necessnry to ex[!ose the diagnostic criteria for Pap smears developed in the morphologic study to 

corroboratory tesring. After consideration of the in-depth review of literature pertaining to the laboratory diagnosis of 

Chlamydial infection (vide supro). two corroboratory rnetllOds were selected as (he most appropriate corroboraEory rests. 

The recommendation of the CDC in the US was that two rnethods of DNA der.ection be used as a "cornbined gold 

standard." The two methods chosen were D1S11 and l'lR (see Chapter 6 "Corroboratory resrs') The D1SH and PCR 

testing was performed at rwo independenf reference laboratories Ihar agreed [0 [rain the (luthor in the use of these 

methods. 

5.6 CONCLLSIO:'<S 

The conclusions in [he rflorphologic study were: 

(1) Pap srnears and tIssue sectlons showed a recurring constellation of changes regarded as evidence of 

Chlamydial [nfectlon, These included 8. characteristic inflammatory picture, peculjar epithellal changes and 

intra-cellular v8cuoles containing three tY;Jes of inclusion. Cytologic criteria were refined to exclude possible 

non~speclt1c changes due [Q inflammation, degeneration, and concomitant infections including HPV infection 

w~th <:lad without Cl?\; 

(2) 01'48958 PilP swears, 1 141 (2.33{YO) showed features ofrhiam)Y/ia Irachornafis infection; 

(3) Arno.ng:l 682 specimens ofurerlne cerv:x, 257 (9.6 ~;(}) sho\-ved features of Chlamydia histology frachomatis 

lnfection; 

(4) An assocla!ion between Chlamydial infeclion and HPV infection with cervical intra-epithelial neopJasia was 

demonstrated, pil11icularly in the histology specimens; 

(5) fadure to recognise Chlamydia~associated changes may result in an increased incidence of reporling of 

ASCUS (;lad .low gr<:lde intraepithelial neoplasia wi1h <:l consequent impact on the heJlth care rnanagernem of 

pmients; 

(6) lf the association of Chlamydial infection with CrN reflects a causal relationship between Chlamydiae in 

cervical carcinogenesis, aCCUrJte diagnosis of the infection in both Pap sme8rs and tissue sections could be of 

significnn1 importance to p1'ltien{ care; 
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(7) Further research lo investigate and elucidate a causal role of the organism in carcinogenesis should be 

undertaken in the future; 

(8) It was necessary to obtain proofofthe presence ofChlamydiaJ organism.s in smears and sections showing this 

constellation of changes. ·Dle use of two di fferenl DNA detection methods as a combined gold standard was 

most likely 10 gain acceptance of the diagnostic crlterra by the scientiflc community. 
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6. CORROBORATORY TESTING 

6.1 AIM 

The aim was to corroborate the morphologic cri1erii'J for the diagnosis of Chlamydial infection developed during the first 

phase of the study (Chapter 5), The corroboratory tests were intended to show that these criteria could be confidently 

applied in every-day routine microscopy without the necessity to resort to elaborate and expensive testing. It v,}as 

necessary to establish a suitable corroboratory DNA test in the laboratory, and to test cases selected using the established 

criteria. In accordance with the CDC recommendations, the corroboratory testing would use an "expanded gold 

standard." The same specimens would be subsequently tested in an independent laboratory using a second DNA 

method. 

6,2 SELECTION OF THE GOLD STAI\DARD 

An in-depth review of literature concerning the laboratory diagnosis of Chlamydia I infection revealed that an "expanded 

gold standard" using two different DNA detection methods was the recommended i and preferred way to cOlToborate the 

morphologic criteria developed for Pap smears and tissue sections. The gold standard selected for the present s(udy was 

therefore a combination of DrSH and PCR. 

6,3 MATERIALS & METHODS 

Prior to the availability of DNA testing, it was necessary to use culture and EM techniques to confirm the morphologic 

diagnosis of Chlamydial infection in Pap smears and tissue sections. Use of these modalities was limited 10 a few 

specirnens and served 10 confirm that fur1her investigation and development of the DNA testing methods was justified. 

EM was used to confirm Chlamydial infection in positive control tissues that were subsequently used to establish and 

validate the DISH method. 

6.3.1 ClJL TlJRE OF Chlamydiae 

Several patients whose Pap smear results reported possible Chlamydial intection requested confirmatory testing. By 

arrangement with their physicians, cervical brushings from thirteen women were collected into J'vH® Chlamydial 

transport medlum 2 and frozen at -70°C within two hours of collection. Within four days, the specimens were packed in 

polystyrene contalners with dry ice and transported by air to Lancel Laboratories for culture in McCoy cells. Care was 

taken {O maintain the cold chain during rhe transport of these specimens. The cultures for Chlamydia were performed at 

Lancet Laboratories using their protocol (Appendix E). The cell cultures were stained using an immuno-fluorescent 

technique with anti-LPS antibody to detect the presence of Chi amy dial antigen,3 It is noted that the Lancet protocol did 

not include evaluation of the quality of the speclrnens by checking for the presence of mucinous and metaplastic cells, 

6.3.2 ELECTROI\ MICROSCOPY 

Tissues were processed for EM using standard procedures in the Electron Mlcroscopy Unit at the Departmenl of 

Anatomical Pathology, Cnivers~ty of Cape Town (Appendjx L). UltnHhin sections were examined using (In Hitachi 

5000 Electron Microscope. 
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6 . .1.2.1 PAP S~m.\RS 

During routine microscopy, Pap srnears showing Ii:lrg~ [hree-dimensional groups of metaplastic squarnous cells 

containing vacuolar inclusions were identiued. iVlDn) of these groups contained SO or moce cells (Figure G.I). eel:S for 

electron microscopy, palticularly cells arranged in large three-diniensional clumps, were lifted from P8P smears. Five 

cytology smear showing sllch clusters of metapbstic cells were selecled for E1Vl investigation by this method. The 

groups of cells were located by rnaking a circle around rhem on lhe back of the glass slides with a diamond pencil. The 

cover-slips were then soaked off the slides using xylol and the StTlCars were air drjed. A small bleb of DPX mounting 

rnedium "vas applied [0 each group of cells on the surface or the smear and allowed to dry. The dry DPX bleb W8S 

c<"1refutly scre.ped from the slide, lifting the clump or celLs from the smear. ·1 he clurnps of cells from each case were 

placed in sJn8JI tesl tubes and the DPX mounting mediurn dissolved in :\ylol. These celJ clusters were processed for EM. 

The remClining cells on t.he smears were left undislurbed by this procedure. The smears W8S re-mounted in DPX 8nd 

retain~d in rhe study archive. Tissue fr8gmenlS conlaining immAture metapl8stic squamous cells were sLiccessfully iifted 

from the fiVf~ Pap smears 8nd after processing and ultra-microtomy, examined USing the Hirac:,i electron microscope. 

6.3.2.2 TISSUE SECTIO:';!S 

HE sections were lIsed to identify nine: formalin-fixed hyslcreC!Omy specimens thm showed good preservation and 

changes regClrded as beingChlamydinl in origin. These specimens wcre uscd for EM. Small blocks of Lis sue suitable for 

FM were obtClined from the residual unprocessed hysterectomy specimen, Thc formalin-rixed tissue was taKen from the 

transition zone in the same quadrants of cervix as those shown to be ChlBmydia positive on light microscopy. This was 

possible because sections had been taken routinely from four quadrants of rhe cervix (lnd labeled according to the 

protocol described (vide supra :VTorphologic Study 5,-',2,1). 

Multiple Snlnll columnar b.locks of tissue approxim(ltel) 1 mill by lmm by J rnm were CUI undcr a dissecting microscope 

from the residual formalin-fixed [issue. The long [IX is of :hese small blocks was cut paraHei to the mucosal plane so that 

the affeclCd lransi1ionJI epithelial rneillbranc forrned one of the long surfaces of the block.. This served to aSSist 

orientation of rhe tissue during processing for elec1ron microscopy. TIie tissues were post fixed in buffered 4% 

~lu1eraldehyde and processed for routine electron rnicroscopy. 

Thick sections (sections appeared silver in refracted light on the water bath) were sectioned using a glass knife on a 

Reichert Ultra-Microtome. These were stained wil·h toluidine :)Iue and exarfllned by ligh[ microscopy to enable precise 

loca~isi;ltion of the metapl.as1ic epithelial cell layer and idemificatlon of intra-epithelial inclusions. The blocks were t.hen 

further trimmed and ultra-tbin secrions cut (sections appeared go;d in refl'acted lig:it) for transmission :l:licroscopy, 

6.3.3 TO SET LIP AND VALIDATE THE PROTOTYPE REMBRAI'\DT DISH KIT 

6 . .1.3.1 iNTRODI'CTION 

Lstnb])shin[', the DISH method for detection of(.'hlanl)/!..Iw/rachomatis W8S initially problematic. The method WnS set up 

lIsing the recommended protocol for the Rembrandl® OrSH k~t from K:'catech Laboratories in }\mslerdam (Appendix F). 
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Positive control slides supplied by Kreatech Laboralorit::s were used to validate the Rembrandt kit method. These control 

slides were preparmions of McCoy cells in which ('h/arnydia rrac/;omotis had been cultured ,-md identified by 

irnmunofluol"escem an[igen detection (Krealech Cal'1l1og11e CS375),·1 During the inili;;:Ji validmion of the kit, the 

prcSCrvcltlon of morphology of the positive McCoy cells preparations was noted to b~ sub-optinu:d. It became clem that 

variolls tests were necessary (0 refine the method to aci):eve optirnurn test conditions. There was considerable Joss of 

specimen because cells \·vashed ofr the surface of the glass slides. The loss of c.,;:lular mmeri<:ll seemed to occur during 

rhe wasbing step afrer pre-digestion with prolease.J Subs~quent[y, when Pap smears and !issue sections were stained 

using the same melhod, loss of specimen occurred ,mel preserv8t[on of morphology was poor. The loss of tissue was 

i1ssoclated with the protease digestion step and poor morphology appeared to be due to heat-induced artit~1cL5 

To resolve these problems, p<mels or tests were cOllCeived T:le tests were des!gned to confirm that loss of cells was due 

to the pre-digestion Slea and that poor rnorpho]ogy \vas in pari due 10 the errect.s of heat during the denaturing of DNA. 

The tcsts also aimed to investigate whether les'.) hi)rsh ~I"e-digestion and reduced hybridiz?tion temperature protocols 

would rrescrvc nlOrpilology, yet be sufficient to allow access of probe to target D1\'A.s Therefore, the test panels 

illcludcd Pap smears. lissuc sections and positive conrrol slide'.) (\1cCoy cell cultures). The (j~11l \vas to find optimum 

conditions for the preservation of cell rnorphology in the smears and sections whllst exposing the tissue to conditions 

sufficiently harsh to allow access of the probe to targe: DNA. !r became ckar that purchase of specialized equiprnent ro 

heat the glass slides to precisely 95"C was necessary if reliable DISH testing was to be performed in Cape Town. The 

refinements rnade to the protocol for cytology srnears developed during lhis validation study, are appended 

(Appendix Fi 

Vlhen thc new irnproved Rembrandt'l) DISH kil using ['he "universal linkage system" (ULSQ 
) became availDble it was 

decided to l:se this method fO improve rbe sensitivilY of the DISH method. Kreatech Laboratories had no Pap smears or 

~issue sections available for control purposes to validme the application of" ULS to their Chlamydia kit. However, the 

researcher identified suitable control tissue blocks ane: cOtlfirmed the presence of Chlamydi<'ll organisms in this tissue 

using EM. This tissue was sent to Kreatech to be v2did;:Hed for the DISH method. In return, for providing control tissue, 

Kreatech agreed that the researcher could [lerroI'm the fJlSH tes[ing of Pap smears and [issue sections in their Amsterdam 

laboratory. This obvimed the necess~ty for purchase of" expensivc equlpmcnt. Again. arising from rhis excrcise, Georg­

August-Lniversi(y in Goettingen extended an invitarion for the rese<lrcher to learn PCR techniques and to test all 

SpeCil1ienS in Germany, Serial sections frorn the ori?inal conn'ol blocks were taken to Georg-August University for 

independent testing using peR. The researcher personally [lcrformcd all of the tests done in AlJlsterdam and Goertingcn. 

6,3,3,2 PILOT SHiDlES TO ,[1' liP DISH TO DFW)~ST!'ATE CHUMYDIAL [)NA 

Funding for the pi lor study was limited and inlti(~lly, only two Rembrandt® DISH(l kits could be purchased from Kreatech 

for the validation of the method and n:nning hybridis3tlon tests for the pilot study. Each kit had s~lffjcient volumes of 

probe reagent to run 25 tests. Since the compositions of the other reagents used in the protocol were known and these 

reagents were ava:lable in the laboratory, tests Wllilout probe could be cOllducted in relatively llJ1-res~.ricted numbers. 
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Ho\vcvcr the volume ofChlarnydial probe reagent for rile validation and setting up oflhe method was restricted to a tot(ll 

of only 50 tests. The lWo kits were used in preliminary testing of Pap smears and tissue sections to validate, optimise 

and establish the DISH method. 

Positive & negative controls 

As J first step in cstabllshing the DISH method, positive control slides using McCoy tissue culture cells infected by 

Chlamydia II'CfChomalisJ
·
7 were used 10 validate the Rembrandt($i DISIl kits, Six slides With McCoy cells containing 

Chlamydial organisms and six slide with un-infected McCoy cells were stained according to the DISH protocol supplied 

by I(reatech (Appendix F). The Kreatech Chlamydia-specific probe ClILT-DIG-1 was compared with Krealech non­

Chlamydial probe PLD043. Initially, the protease pre-digestion was perfolllled using LS mg proteaselr"nl diluent for 30 

minutes. Subsequently, 0.1 mg protease/mi diluent W(lS used for 10 minutes. 

Rcnning lhe DISH protocol for Pap smears 

The poor rnorphology of smears after rhey had been stained using the DJSfl protocol was thoughl to be due to two 

factors: excessive protease digestion, and heat-induced artifact. Tests were conducted on 36 normal Pap smears drawn 

[rorn tbe archives of the practice. These smears were due to be discarded from the archives afret" the Sla(uI01)! retention 

period of three years. The ability to perform D1SH on archival material is well documented'> The t\VO problems were 

2Jddressed separ<lLely. 

Protease pre-digestion tests 

The usual means of preventing loss of cellular material during pre-digestion steps is the use of subbed slides. s Since the 

rap Slllears for Dt\A testing were obtained from a routine diagnostic service, it was not possible to use smears made on 

subbed slides. A series of tests was devised to confirm that the pre-digestion step was a cause for loss of tissue. 

Thereafter, it was necessary to establish a minimulll effective protease pre-digestion protocol. To achieve thcs\3 

objecrives, severnl modifications of the DISH protocol were applied to the normal smears (See Table 6.J). In protocol 

PI, the entire protocol was applied. Protocol P2 did not include the pre~digestjon step and protocols P3, P4, PS and P6 

used modified pre-digestion steps. In protocol P3, [he concentration of Pepsin used was reduced from 2.S mg/ntl to 1.0 

mgfml of diluent. [n protocol PS, the pepsin concentration was further reduced to 0.] mg/ml of diluent. The P4 protocol 

used the lower concentration of pepsin used in P3, and reduced the digestion time to to minutes frorn 30 minutes. In 

protocol P5, the reduced concentration of pepsin in P4 was only applied for 10 minutes (Table 6.1). In total 24 smears 

and two controls were tested, 

Hybridization temperatures 

To investigate the influence of heat on the morphology of smears) protocols P7, P8 and P9 subjected the sl'nearS to 

temperatures of 90°C, 95°C and 98°C respectively 011 n heating block for exactly J 80 seconds (Table 6.2). file P7,P8 

and P9 control protocols served w indicate whether 0:" not the changed hybridization temperatures affected the outcome 

of the DfSH. The preservation of morphology was graded either as acceptable for microscopic interpretation (+) or 
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unacceptable for microscopy (-) Alternatively it was recorded that a substantial part of the smear had tloated off the 

slide (#). The control slides were examined for successful hybridization (+) or negative for hybridization (-), for 

preservation of morphology as acceptable (+) or not acceptable (-) and for ability LO localize precisei) the hybridization 

product as suitable (+) or not suitable (-). In lhis panel of tests, 5i;" smears & three controls were rested. 

Table 6.1 
The panel of tests designed to optimise the pre-digestion step for Papanicolaou smears. Protocol PI applied the entire 
protocol. Protocol P2 did not include the pre-digestion step. Protocols PJ, P4, P5 and P6 used modified pre-digestion 
steps with lower concentrations of pepsin and reduced incubation times. P5 + Control and P6 + Control were run as 
controls using Chlamydia-infected McCoy cells 

Protocol I Number Pepsin rug/ml Volume of Time in Temperature °C 
smears O.OIN HCI reagent in )..11 minutes 

PI 4 2.5 350 30 37 
P2 4 00 350 30 37 
P3 4 1.0 350 30 37 
P4 4 1.0 350 10 37 
P5 4 01 350 30 37 
P5 + Comro) I 0.1 350 

, 

30 37 
P6 4 0.1 350 10 37 
P6 + Control I 0.1 350 I 10 37 

Table 6.2 
The panel of tests designed to demonstrate the effect of heat during (he s(ep to denature DNA in Papanicolaou Smears. 
ProlOcol P7, P8 and P9 subjected the smears to temperatures of 90°C, 95°C and 98°C respectively on a heating block for 
exactly 180 seconds. 

I Protocol Number Pre-digestion Time seconds Temperatu,·e °C 

P7 4 0.1 mg,lO min 180 90 
P7 + Control I 0.1 mg,IO min 180 90 
P8 4 0.1 mg.IO min 180 95 
P8 + ConlJol I O.lmo,IOmin 180 95 
P9 4 0.1 mg.IO min 180 98 
~ +Comfol I 0.1 mg.IO min 180 98 

Refining the DISH protocol for tissue sections 

Application of the DISH mcthod in tissue sections during the pilot study was difficult. First, there was considerable loss 

of specimen because sections floated off the surface of the glass slides during the washing step after pre-digestion with 

protease. Second, there was poor preservation of tissue morphology. The panicular value of the DISH method is that it 

should allow the precise 10caiisCltion of the hybridization product. It was therefore regarded as critical 10 achieve good 

preservation of morphology in the tissue sections so that the hybridizCltion product could indeed be precisely located. 
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In order to refine the D1SH protocol, panels of tests investigated the effect of changing the lhickness of sections, the type 

of subbing agent used on slides (Table 63) and the maximum temperature applied fot" the step to denature DNA (Table 

6.4). Four additional blocks of tissue were taken from four norma! uterine cervices and serial sections from each were 

tested, For comral purposes, use of Chlnmydia) cultures 111 McCoy cells, although not ideal, was the only option until 

tissue control blocks had been validated. The problems of the lifting sections and the poor morphologic detai.l were 

addressed as follows: 

Subbing for the protease pre-digestion 

Subbing of slides is a standard measure to prevent lifting of sections in DISH procedures. s The commerclally available 

subbed slides (Stat"Frost'~) used initially were not effective in this regard. Investigation revealed that StarFroste produced 

two (]ifferent coated slides using either poly lysine or organosilane us subbing agents. Kreatech suppljed organosilane­

coate{] slides. Tests 10 compare the performance oflhese different coated slides were conducted Crable 6.3). 

Thiclmess of tissue sections 

Aparr from the erticacy of the subbing agent, another factor that could hJve affected the adherence of sections to the 

slides was the thickness of the sections. Thinner sections exhibit better adherence, but since less tissue is present on the 

slide, the chnnccs of detecting and localising Chlamydial DNA within intra-cellular vacuoles were less in the thinner 

sections. On the other hand, the resolution offine cellular detail is not as good in thick sections. A compromise between 

rhin sections (5 ~un) and thick sec lions (l 0 pm) was necessary, The tests were designed to compare both the adherence 

and the morphologic OUfCome using sections cut at 5, 8 and J 0 !ltn (Table 6.3). A total of 96 sections were tested in this 

panel of tests, 

The influence of hybridization temperature 

Experience wlth Pap smears suggested that the poor morphology was also in part due to heat-induced artifact. A panel of 

tests investigated the effect of heat on morphology of sections and Llle efficaey of lhe DISH proloeol if hybridiza1ion was 

performed 3( 90, 95 and 98 iJc. Tissues from the four blocks of normal cervix were serially sectioned at thickness of 

5!lm, 8 ~lm and 10 pm and mounted on plaill glass slides (G) or the three different types of commercially available 

subbed slides. The subbed slides were designated as brands SA, SB and K. Brand SA slides were StarFrost with poly­

lysine, brand SB slides were StarFrost® with organosilane and brand K slides were from Kreatech® with organosilane. 

The sections or different thickness, on slides '.vith or without subbing agent were subsequently tJken through {he s(eps of 

the in situ bybrjdizmion process. To determine which if (lny of the steps in the process proved critical to section quality, 

rnodified protocols were used. In protocol PI the entire protocol was applied. Protocol P2 did not include the pre­

digestion step Crable 6.3). 

In protocols PIO, PI1 and PI2 (Table 6.4), the sections were mounted either on un-subbed slides (G) or on K-brand 

organosiirme-subbed slides and on a heating block for exactly 180 seconds were subjected to temperatures of 90°C, 95°C 
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and 98°C respectively. The preservation of morphology was graded as either acceptable for microscopic interpretation 

(:) or unacceptable for microscopy (--). If a substantial part of the smear or section had floated off the slide, this was 

recorded (#). 

Table 6.3 
The panel of tests designed to investigate the ability of subbing agents to resist the pre-digestion step on tissue sections 
cut at different thicknesses from four blocks of tissue. 

Protocol 
Subbing Agent 

No 
G - no agent SA - polylysine S8 - polylysine K - organos i 1 ane 

Sflm Sflm 10p01 5).lm 8flTll I Of lin SPIll Sflln 10flm Sflm SPill IOfl m 

PI 4 4 4 4 4 4 4 4 4 4 4 4 48 

P2 4 4 4 4 4 4 4 4 4 4 4 4 48 

TOTAL 8 8 8 8 8 8 8 8 8 8 8 8 96 

Table 6.4 
The panel of tests designed to demonstrate the effect of heat on section quality during the step to denature DNA using 
sections cut from four blocks of tissue. 

Protocol 
Subbing agent Pre-d igestion Time Temperature No 

Protocol secs °C 
G - no agent K -- organosilane 

SPill 8fll11 10pl11 5fll11 SPill 10pl11 

I) I 0 4 4 4 4 4 4 2.5 mg.JO min 180 90 24 

PlOT cont 0 I 2.5 mg,JO min 180 90 1 
, 

PI! 4 4 4 4 4 4 2.5 mg,JO min 180 95 24 

P II + cant 0 1 2.5 mg,JO min 180 95 I 

PI2 4 I 4 4 4 4 4 2.5 mg,JO min 180 98 24 

1'12 + coni 0 I 2.5 mg,JO min 180 98 I 

Total 12 12 12 12 15 12 - - - 75 

6.3.4 DISH USING THE IMPROVED ULS"" REMBRANDT KIT 

The improved Ultradig Kreatech Rembrandt DISH"( kitH
- 'O was used for the detection of Chlamydia lrachomalis in Pap 

smears and tissue sections. The Ultradig DlSH~ kit using DNA probe labelled with the new Universal Linkage System 

(ULS) was essentially the same kit as the prototype. Sensitivity of the method was enhanced by use of the ULS labeling 

system that allowed improved detection of hybridization product. The protocol for hybridization, the stringency 

conditions and the procedure to label the hybridization product were the same for the prototype and the ULS kits. The 

methodology developed during the experiments conducted to set up the DISH technique could therefore be applied to the 

new kit without modification. However, the use of Chlamydia-infected McCoy cells from tissue cultures for controls 

was regarded as inappropriate. Blocks of control tissue for control sections were required. 
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Figure 6.1. Cells arranged in large three­
dimensional clumps were lifted from five Pap 
smears for electron microscopy. Many of these 
groups contained 50 or more cel Is. Note the 
Chlamydial vacuolar inclusions (c). 

Figure 6.3. Kreatech probe CHLT-DlG-l® and 
Kreatech non-Chlamydial probe PLD043® were 
supplied in plastic dropper bottles that delivered a 
metered volume of 0.1 ml per drop. 

Figure 6.2. Controls for the PCR tests were 
McCoy cells shown to have Chlamydial inclusions 
by EM. 

Figure 6.4. Two sectors or "work areas" slightly 
larger than the size of a 18 x 18 mm cover slip 
were demarcated on each slide using a wax Pap 
Pen.® 
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6.3.5 CONTROLS FOR THE DISH ;VJETHOD 

6.3.5.1 POSITIVE CONTROLS FOR PAP SMEARS - C11LAMYDIA-INFECTE,D MCCOY CELLS 

Positive controls were necessary to demonstrate that the was and function to detect 

eh DNA. tissue culture cell ) were ied 

with both the prototype and the ULS DISH kits 

Kreatech Labs to infected the demonstration of LPS 

These cells had been shown 

immuno-fluorescence (Enzo 

very similar to smears, were as 

su itable for controls when smears. 

6.3.5.2 POSITIVE CONTROLS fOR TISSliE SECTJONS - ESTABLlSHI"iG A KJ'IOWN POSITlVf CASE 

The Kreatech Rembrandt kit 8-[0 method for the detection of 1f""'ltJlfl trachomalis 

labelled with the new Universal had not been validated in tissue sections No 

control tissue sections were available with the kit. As a first step to enable DTSH it was 

necessary to establ ish a 

be identified and validated 

After the collection of the 

was identified Lab No 7HOJ 

for control purposes the 

endocervical transition zone in the 

Un of 

conducted tests 

tissue control. Accord 

the presence of eh 

had been 

tissue blocks to be used as a 

DNA in the tissue. 

Jll a 

control had to 

tissue control block 

Permission was obtained from the the researcher to lise this tissue 

the main Seven blocks of tissue were taken from the 

and examined for eh inclusions FM the 

blocks from case 7H0139 were submitted to Kreatecb Laboratories. Kreatech 

idate the control tissue. th is va the controls 

lIsed were trachomatis-infected tissue culture cells 

reference peR 

irnmuno-fluorescence for 

Serial sections of7HOl39 were submitted for 

at the 

M cel shown 

DNA automatic sequencer 

peR. 

in controls for the peR tests INere 

The peR reaction 

to establish the of the 

6.3.5.3 CONTROL "1I0llSEKEEPING" PROBE lISING KREATECI-I HPV-DIG-1Q' 

A control 

conditions 

same system as the test. 

if tests were 

to stain its intended on 

was included with each batch of tests demonstrate that the ization and 

were The was required to make use of 

tbese controls used the same reagents used with the ell [[ 

controls were this could not be attributed to failed 

to demonstrate cond the was 

The selected was HPV-OIG- '"' The was available from 
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The Kreatech Rembrandt ki, 810 had not been validated for of to this work. 

one control 

therefore also served to establish the val 

EM and PCR was used to validate the test. The use of the PCR test 

of the Kreatech method. 

For each of the tissue blocks selected for DNA ten serial sections were cut at a thickness of 

To prevent cross contamination of DNA between cases, of these the 

the brush and the microtome blade were cleaned with chlorine bleach between 

with ethanol and dried with paper towels to remove residual chlorine and fr"orr,pn 

The instruments were also 

of wax-embedded tissue. 

process alone has been shown to In the blocks were faced and initial sections discarded. This 

be sufficient to prevent cross contamination of 18 

process, sections from each case were floated on <nF'nOl,rj distilled water in a new clean 

cross contamination between cases. These sections were mounted on subbed slides coated with 

The ten serial sections were used in a sequence for the Section numbers one and ten 

were mounted on a slide and were stained with H & E. In the purpose of these two 

sections was to demonstrate the presence of trachoma/is inclusions in the transitional 

on both sides of the of tissue to be tested for DNA. In the purpose was to 

demonstrate the absence of 

DNA. 

on both sides of the of tissue tested for 

Section numbers two to nine were for DNA and PCR Sections two and four and six and 

seven, and nine were into four on four slides. Each of sections was mounted on one slide. The 

sections were on the slide. This allowed use of different on each 

section without cross contamination of reagents the DISH One of sections sections 2 & 

was used for the DNA in situ purposes, The next sections 4 & 5) was available for repeat 

DISH if sections washed off the slide DNA or other technical difficulties were encountered. 

The next sections 5 & 7) wa~ used for PCR. The last sections 8 & 9) could be used for 

the PCR if necessary, J f not the spare serial sections (4 & 5 and 8 & 9) were in the archive as spare sets 

for future use. 

6.3.7 TO TEST THE MORPHOLOGIC CRITERIA IN PS & TISSUE SECTIONS WITH DISH 

Smears and sections evidence of infection were selected from the archives the criteria 

111 the Control smears and sections were 

selected the criteria for HPV/CrN inflammation and The kit 

made use of a DNA labelled with the novel for the detection of the DNA of the 

of trachomatis. 
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6.3.7.1 DISH ON CYTOLOGY SMEARS 

The test and control smears were divided into four batches and re-stained the in situ 

four consecutive five smears 

cases 

the features of 

on 

trachomatis infection 

were tested. Fourteen 

were included in the test 

four PS-HPV/CIN controls 

Three of the fourteen PS- showed no other while the eleven PS- showed evidence of other 

Four PS- showed three with CIN These cases were used for 

and included one each of PS PS-CIN I, PS-CIN II and PS-CIN III 

one per batch. Two of the PS- were smears of Candida sp. and two showed of 

Gardnerella sp. The three PS- included one smear features of one 

and one 

four test batches. There were four MC+ 

Trichomonas sp. These were 

one of each for each batch. In 

amongst the 

43 test and control smears 

were 90 separate evaluations. 

A Kreatech number was used to the smears. The status of the smears as PS--HPV 

or PS- CrN was concealed 

resu Its were recorded 

the stage and while examination and evaluation. The 

name and the Kreatech number. 

6.3.7.2 DISH ON TISSIE SECTIONS 

five as for infection 

The 

and 10 cases 

for Ch ial infection were selected for in Silli carried out on 

sections. Section numbers 2 & of 10 serial sections were used. 

The serial sections 4 & 5 were available for repeat necessitated technical 

excessive noise in the or failure of These sections were 

separate batches and stained the DISH on four consecutive 

sections were included in each batch. controls included were HPV 

cases The status of the cases as was concealed 

examination. The sections were identified name and a number on 

of tests conducted is shown below In all, 90 evaluations were 

6.3.7.3 

The 

DISH PROCEDURE 

used for the DISH ix F. ied with the kit were Kreatech 

serial 

to four 

control 

The 

CHLT-

DIG-I'" and Kreatech non-Ch HPV-DIG- was used demonstrate HPV 

DNA in PS-HPV and TS-HPV. Kreatech differentiation agent BCOOI3,1iil 12 % formamide and 0.0 

saline citrate buffer was used to set the conditions in the post wash. A of these 

reagents and solutions were in bottles that delivered a metered volume ofO. I ml per 
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drop. Other working solutions were prepared and stored In bulk and were pipetted using Eppendor~ micropipettes. 

Variations of technique were necessary for PS and TS. 

Table 6.5 
The tests performed on 25 Pap smears positive for Chlamydia on LM (f'S+) using CI-ILT-DIG-I® to demonstrate Chlamydial plasmid 

DNA using the Kreatech Rembrandt® DISH kit. Pap smears negative for Chlamydia on LM (PS-) were probed with CHL T-DIG-I.® 

PLDO~3® and HPV-DIG-I® Positive contmls included were Chlamydia-infected McCoy cells (MC+) probed with CHLT-DIG-I,® 

f'LD043® and Hf'V-DIG-I.® Housekeeping controls were Pap smears showing Hf'V effect on LM probed with Hf'V-DIG-I® and CHLT­

DIG-I.® 

Run Sample CHLT-DIGI PLD043 HPV-DJGJ Differentiation Detection Total No. 

BCOOJ) a-DIG-AP of Tests 
No. of slides No. of slides No. of slides 

No. of tests No. of tests 

MC· I I I 3 3 3 

rs . PS C 2 2 0 4 4 ~ 

rs+ 6 4 2 12 12 12 
I 

rS--I;rv I 0 I 2 2 2 

MC+ I I I 3 3 3 

rs G. PST 2 2 0 4 4 4 

2 PS+ 6 4 2 12 12 12 

rs-clN II I 0 I 2 2 2 

MC+ J I J 3 3 3 

rs-. rs C.PS-H 3 3 0 6 6 6 

3 rs+ 6 4 2 12 12 12 

rS-CIN I I 0 I 2 2 2 

MC+ I 1 J 3 3 3 

I pS-.rS-G. rS-N 3 3 0 6 6 6 

rs+ 7 4 3 14 14 14 
4 

rS-CIN III I 0 I 2 2 2 

Total 43 30 17 90 90 90 

Step la: Preparation of Pap smears 

The slides were soaked in xylol to remove the cover slips. To duplicate treatment conditions, t.he McCoy cell cultures 

(Me:) were dehydrated through graded alcohols and soaked in xylol. The xylol residue was removed from all of the 

sl ides in two washes of absolute alcohol and slides were air-dried in an oven at 60°C. 
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Table 6.6 

The tests performed on 25 histology cases positive for Chlamydia on light microscopy (TS+) to demonstrate Chlamydial 
DNA using the Kreatech Rembrandt® DISH kit. Controls included a known positive case (C+) probed with CHL T-OIG-I. 

PLD04J ~nd HPV-DI0-1, histology cases negative for Chlamydia on light microscopy (TS-) probed with CHLT-DIG-I, PLD04J, 

and histology cases showing HPV effect without evidence of Chlamydial infection (TS-HPV) on light microscopy probed 
with HPV-DIG-I and PLD04J 

Run Sample CHLT-DIGI PLD043 HPV-DIGI Differentiation Detection Total 

ncoo 13 ~-DIG-AP 

No. slides No. slides No. slides No. tests No. tests No. tests 

C+ I I I J J J 

TS- 2 2 0 4 4 4 
I 

TS + 6 6 0 12 12 12 

TS HPV I 0 I 2 2 2 

C+ I I I 3 J J 

TS- 2 2 0 4 4 4 
2 

TS+ 6 6 0 12 12 12 

TS-HPV I 0 I 2 2 2 

CI- I J J J J J 

TS- J J 0 6 6 6 

3 
TS+ 6 6 0 12 12 J2 

TS HPV I 0 1 2 2 2 

C! I 1 I J J J 

TS· J J 0 6 6 6 
4 

TS+ 7 7 0 14 14 14 

TS· HPV 1 0 I 2 2 2 

Total 43 39 8 90 90 90 

Two sectors or "work areas" slightly larger than the size of a 18 x 18 mm cover slip were demarcated on each slide using 

a wax Pap Pen,E) (Figure 6.4). The work areas were placed as far apart as possible on the slide. The Pap Pen dispensed a 

hydrophobic wax line that served to contain small volumes of reagent solutions flooded onto the work area surface of the 

smear. This technique allowed economic use of small volumes of reagents. The method also allowed the two work areas 

on the same slide to be exposed to different probe reagents during the hybridization step of the procedure without 

contaminating one another. For the PS+ and PS , one area was a test area to be probed for Chlamydial DNA using 

CHLT-DIG-1 1
". The other sector was a negative control area probed with non-Chlamydia I probe PLD043"'·. The Pap 
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smear HPY slides were stained in one sector with Kreatech 

I b: of Tissue Sections 

Two serial sections were mounted side side on one subbed 

CHL T-DIG-I '" and the other for with the 

HPY-DIG-I(ii) and the other with 

one for 

These sections were 

with 

as so that separate treatments could be without contamination and other reagents 

between the sections. The sections were incubated at 60GC for 2 hours to ensure best 

adherence to the slides. Sections were de-waxed in two of fresh soaked in 100 

% ethanol for five minutes and air-dried in an oven at 60°C for 30 minutes. wax ines 

were drawn around the section to del ineate a square work area 18rnm the size of a 

small cover-sl I f the section was than , an of the section was selected the 

area, that of the transitional zone and ectocervix was included in the work area. The 

serial H & E sections were used to of the section that had to be included in the work areas. 

As for the continuolls linear of material around the work area formed a that allowed use 

of small volumes of to be llsed on the TS. The two areas on the same slide could be to 

different reagents of the without cross-contamination of one work area reagent from 

another The work area over the TS most distant from the frosted end of the slide was a test area to be with 

CHLT-OIG-l for the other a control area with 

2: of smears and Tissue Sections 

The smears and sections were In distilled water. On the the test and control areas were flooded with a 

solution of acid and cells were for 10 minutes at on a 

slide warmer. The slide warmer had a cover made of perspex so that a cloud of moisture formed over the smears and 

moisture loss was minimised When necessary, if of the reagent the warm had been 

additional after five minutes. The TS underwent a harsher pre-treatment 

than the PS. The solution contained 2.5 mg per m O. I N loric acid and was ied for 

30 minutes. The test and control areas were flooded with 350 III of the solution and incubated on the 

slide warmer at 37°C for 30 minutes. When necessary, additional 

minutes. After the step, the PS and TS slides were 

minute and air-dried. 

3: Denaturation and of smears and tissue sections 

Two of solution CHL T-DIG-l"" were onto cover sl 

TS, MC+ and TSC i- slides. 

was up action of the solution. The 

and the were 

sometimes every five 

three washes for one 

over the test areas 

the inverted slides onto the the 

were so that the area 
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Figure 6.5. The FisherCgl slide warmer had a 
perspex cover so that a pale cloud (c) of moisture 
formed over the smears and moisture loss was 
minimised. If evaporation of the pepsin (P) during 
the warming had been marked, additional reagent 
was applied after five minutes. 

Figure 6.7. The slides with PS or TS were placed 
on a heating block for precisely tlu"ee minutes at 
exactly 95°C to denature the target DNA. The 
Fisher® heating block could maintain a stable 
temperature. The number of slides per run was 
limited to 14 (here 13 were in place). 

Figure 6.6. Two drops of the probe solution CHL T­
DIG-I® were dropped onto 18 x 18 mm cover slips. 
The slips were placed over the appropriate test area 
on the slide. The slides were inverted and used to 
pick up the slips using surface tension. 

Figure 6.8. The temperature of the Fisher® 

heating block was monitored with a Reuger® 
surface thermometer. The sensor of the 
thermometer was placed on a glass slide (s) to 
obtain an accurate indication of the temperature 
attained by the slides being heated. 
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of the test section 

HPV-DIG-l(ii) were 

fiooded with the solution and covered the two of solution 

over the test area of the PS- HPV and TS-HPV slides, On control area 

solution was covered in the same way with The cover served to prevent out 

exposure of tbe slide to the h temperatures necessary the step to denature target DNA, The slides with PS or 

TS were 

This 

on three minutes at 

maintain a stable temperature 

The temperature sensor the thermometer was on a 

attained heated ( 

4: 

i\ fter slides were removed from the block, were 

95°C to denature the target DNA 

was monitored with a surface thermometer 

slide to obtain an accurate indication of the temperature 

incubated at 37°C for 20 minutes allow 

with target DNA, To the slides moisturised th is process, the sl ides were 

in a Iy covered tray Tissue paper soaked in distilled water was under the 

were the cover were removed the slides in 

TBS buffer o minutes, A the cover off the slide once were 

in the buffer it was necessary to mechanically remove some needle, The slides were washed in three 

ofTBS buffer for one minute each, 

conditions 

conditions were to ensure that fie Ch LT-DIG-J and HPV/HPV-DIG-I 

were retained in the smears and sections, of the differentiation reagent 

BCOO I were to each work area, The fferentiation wash used 2 % formam ide and SSC 

and was ied for 5 minutes at the 

additional ditTerentiation reagent was ied when/if necessary the process, slides were washed 

three times for one minute in TBS buffeL 

6: The detection 

The detection system used alkaline biotin and n itro-tetrazol ium 

blue Two or three of component in the detection system were 

ied Kreatech were incubated for 30 minutes at 37°C on the block, Slides 

were soaked in TBS buffer three times for one III and then soaked in de-ionized water for one minute, Two or three 

ofNBT/BC1P substrate were and the slides were incubated for 

15 III inutes in the dark 

substrate solution 

air-dried, 

with a lid of the l(reatech moisture at 37°C 011 the block, The excess 

off the slides and were washed in de-ionized water, tiJree times for one minute each and 
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7: 

Smears and sections were mounted heated to 95°C on the block, The 18 x 18 mm cover 

sl were block and two of was on the cover sl The ides were 

warmed to 60°C and up the hot cover 51 means of the surface tension in the of 

molten The slides were momentarily on the hot surface while the cover were 

one over each demarcated work area on the ide, The mounted slides were allowed to cool undisturbed, This 

of the cover and to 95°C bubbles from in the 

medium, 

A 

to and 

and time measurements were 

six hours, The number of slides 

com of ten or twelve 51 This was dictated 

once the techn was 

at a time was limited a maximum of 14 runs 

block 

each slide had to 

that each s ide was on the 

upon and removed from the 

the space available on 

block individual It was necessary to ensure 

commenced when the block the slide for correct time, 

first slide was on the block/warmer and the time taken to the slides on the surface was 

regulated to an interval 2 seconds per slide, The first slide was removed after the exact time required had and 

the sl had to be removed from the surface in the same order as had been at intervals 

of 2 seconds, 

the researcher's the slides were held at frosted end and onto the warmer, label To avoid 

end with the labeled area initially off the 

to the hot surface, Slides were 

block, The demarcated test and control areas were 

sh if ted to the centre of the block, The reverse process 

was used when the slides were removed, At all times the demarcated work areas were to the hot surface for the 

full duration of the time This to ensure accurate control of the times that were 

to r!" .. ,'t".,c,t" and took some 

separate tests were conducted on PS and a further 90 on TS. These tests included and 

criteria 

tests to be 

controls and 

The tests were examined and mt,prr,rPlrprl blind and resu Its 

[(reatech additional DISII kits for use at their 

or to the 

evaluated, To enable 180 

in Amsterdam. No attempt was 

made the management and staff at Kreatech to influence the outcome of the tests there, 

6.3.8 PCR TO TEST THE MORPHOLOGIC CRITERIA IN TISSUE SECTIONS AND TO FURTHER 

VALIDATE THE KREATECH DISH PROCEDURE. 

The PCR was conducted the researcher in the 

serial sections 6 & 7 of the and 

DISH in Amsterdam were 

repeat 

to semi-nested PCR. I f necessary the 

at the in 

cases that had been to 

serial sections 8 & 9 were available for 
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The paired serial section numbers 6 and 7 of the 25 TS+ and the 10 TS- cases were subjected to PCR. The cases were 

tested in batches of between 7 and 9 cases. During testing, the cases were identified by their accession numbers only. 

All cases showing no Chlamydial amplification product in the first amplification cycle were subjected to the second 

cycle. I nail, 6 I PCR reactions were performed on test specimens and with controls, a total of 81 PCR reactions were 

conducted in ten days. The configuration of the tests performed is shown below (Table 6.7). 

Table 6.7 
PCR runs were conducted over ten days with between 7 and 9 reactions performed per run. A total of 101 reactions were 
performed. The second PCR sequence using the Sense 2 primer was conducted on 26 of the specimens that did not show 
reaction product after the first cycle. These 26 specimens included 16 TST and lOTS. Positive and blank (aqua bi dest) 
controls were also subjected to the PCR reaction. 

Run Controls Specimens Primer No of Tests 
+ - Sense I Sense 2 

I I I 6 X 8 
2 1 I 6 X 8 
3 1 I 6 X 8 
4 1 1 6 X 8 
5 I 1 6 X 8 
6 I 1 5 X 7 

Sub-total 6 6 35 47 
7 I 1 6 X 8 
8 I I 6 X 8 
9 J I 7 X 9 
10 1 I 7 X 9 

Total 10 10 61 81 

The Pap smears were not tested by PCR because material available for testing on any single patient was limited to one 

smear. Once the smear had been used for DISH, linle or no material remained that was un-exposed to the Chlamydia1 

probe. One possible solution was to re-use the probed cells by scraping them from the smear and extracting DNA for 

PCR. However, the DISH probe was directed at the cryptic Chlamydial plasmid and the sequence of the target DNA was 

regarded by Kreatech as a copyrighted trade secret. Re-use of the cells exposed the experiment to the risk of 

amplification of probe sequences and possible false positive results. Re-use of cells from PS would leave no reserve 

material for repeated DNA extraction if necessary for technical reasons. Further, the record of the DISH testing would be 

lost. Another alternative was to select different PS for PCR testing, but such an experimental design would negate the 

concept put forward by Black I of using an "expanded" gold standard on the same specimen. 

It was the morphologic criteria that were being tested. Since the morphologic criteria for Pap smears and tissue sections 

were the same, it was decided that PCR testing of tissue sections alone was sufficient. Corroboratory testing in tissue 

sections would serve both to validate the DISH method and constitute the second component of the "expanded" gold 

standard. If there was significant concordance of the peR and DISH results in tissue sections, there could be no reason to 

suggest that a similar concordance would not be obtained if Pap smears were also subjected to PCR. 
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6.3.8.1 EXTI{ACTION OF DNA FROM TISSUE SECTIONS 

Introduction 

The extraction of DNA from the tissue sections was the most critica I 

initial 

in the PCR va lidalion process. The 

PCR test can be as as the DNA extract obtained. in the PCR un-mounted tissue 

sections were used to prepare DNA extracts. sections were put into test tubes with 5 ml to extract 

the wax. The tubes were incubated at 55°C in a hot water bath with a for continuous 

was removed from the with two washes of alcohol the vortex mixer. The tissue was 

in a sterile tissue The process was and a clean 

for each 

The tissue to be to PCR were to as un-stained wax sections 

slides was mounted on clean of the tissue for DNA extraction from sections mounted on 

also and to be more method 20 The extraction took 30 minutes instead of 

incubation The sections were from the slides with a clean blade and did not require 

I: Removal of 

To remove the 

wax 

wax, the slide the serial tissue sections num bers 6 & 7 from the 25 TSf and 10 TS- were 

in 

was removed 

racks. The sections were in 3 of clean for 10 minutes each. The xylol 

three times for 10 minutes in absolute ethanol. The sections were air-dried in an oven at 60° C 

for I minutes. The were to ensure that all of the and all of the were removed 

since both are known inhibitors of the PCR reaction P
.
J9 

The xylol-free tissue was 

new steri blade was used for each 

further 

DNA 

Ie 

isation. The DNA 

both 

from the surface of the slides 

to prevent cross-contamination between 

for the tissue extraction process. The 

extracted from the tissue 

sterile 

to was mixed with 180 pi A TL buffer 

with the kit The mixture was 

blade. A 

were 

tissue did not 

for the 

and lof 

a vortex m then the Protease ]( 

incubated at 56 for 90 minutes in a water bath with a for continuous If of 

the tissue was not obtained after 90 m incubation was continued until no of tissue remained. 

3: DNA extraction 

After of the the tube was at 1200 rpm for one minute to fluid that had condensed on the lid 

of the tube down into the The next step was to the tissue in 200 rtl AL 

III the vortex mixer for 15 seconds unti the solution was 

pulsed 

at th is 

unti the the 111 ixture was incubated 70 in a water bath with a for continuous 
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dissolved. Absolute ethanol 200 ~d was added to the tissue and mixed vortex for 15 

The tube was at 1200 rpm for one minute to remove condensate from the id of the tube. a white 

formed at this all of the was in the next 

The mixture was transferred a m and sterile to contain wool fibres 

and in a 2 ml collection tube. To avoid contamination of the care was taken the transfer and at 

all times in the process that the rim of the column was not wetted the The cap on the 

column was closed and the column within the collection tube at 8 000 rpm for one minute. In the conditions 

AL buffer and tissue DNA remained adherent to the wool. The collection tube the 

buffer fluid and alcohol was discarded and the 

collection tube. 

column the DNA extract was transferred to a clean 2ml 

4: the DNA 

The column was carefully 

extracted DNA still adherent to the 

be wetted. To remove the 

rpm for three minutes. After 

and 500 ml of Q buffer A WI I was added m 

wool. Once more to avoid contam the rim of the 

the closed column in the clean collection tube was 

VUIU',LLIC to wash the 

column could not 

at 14000 

the column was transferred to a clean collection tube and the collection 

tube the AWl buffer was discarded. The cap of the column was carefully and a second 

wash buffer A was added m contam ination of the rim of the 

column. The cap was closed and the column and collection tube were at 14000 rpm for three minutes. The 

collection tube contain buffer A W2 was discarded. The column was 111 a clean collection tube and 

at 14000 rpm for a further minute. residual A W2 buffer was discarded. 

the DNA 

The was in a 2ml collection 200 ~tI of eluent buffer AE21 added and the loaded 

column incubated at room temperature for 5 minutes. The column was at 8 000 rpm for one minute and 

the tluid the DNA retained. The column was eluted the same way for a second time a further 200 ~d 

of buffer A in to a second 2ml collection tube. The two eluates were com bined and stored at -20°C. 

6.3.8.2 THE peR PROTOCOL 

The peR method in use at the was a sem i-nested three 

selected for a DNA sequence in the common to Irachomatis The "sem i-

nested' method was used to the of the test. When necessary, a second peR was 

on the a second for a shorter sequence 

within the confines of the first sequence. in the circumstances where a second ification is 

larion of peR from the first peR theoretically increases the chance of contamination. If a result was 

obtained on the first ification the second peR was not necessary. At the time of this 
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tbe specimens were identified by their laboratory accession numbers only. The result of the previous DISH testing was 

not revealed until the outcome of the PCR had been detennined and recorded. 

Primers 

The Chlamydial prUner sequences were selected from the Chlamydial cryptic plasmid pCT.23 The flfst open reading 

frame (ORF I) codes for a dnaB-like protein "pCTTI" present in serotypes A-D Chlamydiae.",23 This bacterial plasmid 

is a constant part of the bacterial genome and is higbly preserved with less than 1% nucleotide substitution." On only 

three occa,ions have Chlamydiae without this plasmid been isolated. 23 Use of PCR primers for this plasmid confidently 

predicts detection of the fu II spectrum of Chlamydia Irachomalis species." 

Cblamydial plasmid pCTTI sequence 

A portion of the publisbed DNA ORFI sequence" coding for the dnaB like protein by the cryptic Chlamydial plasmid 

"pCTT I" is shown below: 

Chlamydial plasmid ORFl pCTT1" 
1 cctatccgca aaatgtcctg attagtgaaa taatcaggtt gttaacagga tagcacgctc 

61 ggtatttttt tatataaaca tgaaaactcg ttccgaaata gaaaatcgca tgcaagatat 
121 cgagtatgcg t tgttaggta aagctctgat atttgaagac tctactgagt atattctgag 
181 gcagcttgct aattatgagt ttaagtgttc ccatcataaa aacatattca tagtatttaa 
241 atacttaaaa gacaatggat tacctataac tgtagactcg gcttgggaag agcttttgca 
301 gcgtcgtatc aaagatatgg acaaatcgta tctcgggtta atgttgcatg atgctttatc 
361 aaatgacaag cttagatccg tttctcatac ggttttcctc gatgatttga gcgtgtgtag 
421 cgctgaagaa aatttgagca atttcatttt ccgctcgttt aatgagtaca atgaaaatcc 
481 attgcgtaga tctccgtttc tattgcttga gcgtataaag gga agsctt!l ata!lt!lctat 
541 a$loaaagact ttt t ctattc !lca!lc!lcta!l a!l!lc cggtct atttatgata tattctcaca 
601 gtcagaaatt ggagtgctgg c t cgtataaa aaaaagacga gcagcgttct c t g,a g a atca 
661 aaattctttc tttqatqcct t cccaacagg atacaaggat attqat gata ~aggagttat 
721 cttagctaaa ggtaatttcg tgattatagc agctaggcca tctataggga aaacagcttt 
7Bl agctatagac atggcgataa atcttgcggt tactcaacag cgtagagttg gtttcctatc 
841 tctagaaatg agcgcaggtc aaattgttga gcggattgt t gctaatttaa caggaatatc 
901 tggtgaaaaa ttacaaagag gggatctctc taaagaagaa ttattccgag tggaagaagc 
961 tggagaaaca gttagagaat cacattttta tatctgcagt gatagtcagt ataagcttaa 

1021 tttaatcgcg aatcagatcc ggttgctgag aaaagaagat cgagtagacg taatatttat 
1081 cgattacttg cagttgatca actcatcggt tggagaaaat cgtcaaaatg aaatagcaga 
1141 tatatctaga accttaagag gtttagcctc agagctaaac attcctatag tttgtttatc 
1201 ccaactatct agaaaagttg aggatagagc aaataaagtt ccatgctttc agatttgcga 
1261 gacagcggtc aaatagagca agacgcagat gtgatttgt 

The sequence of the sense I primer was 5' - aggcttgataqt:qctatagc-3', and the sequence of the anti-sense primer 

was 5' - ttatcatcaatatccttgtatcc- 3'. The sequence of the second (semi-nested) sense 2 primer was 5'­

ctattcgcagcgctagagg- 3'. The flfst prUner combination yielded a 188 base pair (BP) reaction product and the 

semi-nested primer combination resulted in a 157 BP product." The primers we,e commercially manufactured by MWG 

Biotech, Munich, Germany. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

153 

The sites on the genome that were selected for the primers are highlighted in colour. The sense I primer is shown in red, 

the anti-sense primer region in pink, and the sense 2 primer in blue. The sequence shown in purple is identical to the 

sequence (figure 6.1 I) of the arnplicon sequenced from the agarose gel to verify the specificity of the PCR procedure 

(vide infra 6.3.8.3). 

The sequence underlined is the 188 BP amplicon produced in the flIst amplification procedure. By convention, the 

sequence of the anti-sense primer is written 5' to 3' and is the sequence of the complementary strand. Thus, the 

sequence highlighted in pink below from the plasmid sequence is in the reverse order and is the complimentary sequence 

of bases to those of the primer itself. The primer sequence is reflected in black, and is read from right to left (5' to 3'): 

The master mix 

5' qq atacaaqqat attqatqata a 3' 
3' cc tatgttccta taactactat t 5' 

The PCR master mix was made with reagents supplied by Perkin-Elmer" and Pharmacia." The mix included: 

PCR buffer: MgCI,2.75ruM, 500mM KCI, 100mM Tris-HCI, at pH 8.3, 

(Perkin-Elmer) 

dNTPs: IOflM of each (Pharmacia) 

Taq DNA polymerase: 1.5 units (Perkin-Elmer) 

Primer sense: 40 pM 

Primer anti-sense: 40 pM 

DNA extract: 

H20 bi distilled (HPLC): 

Total volume: 

Controls 

5.0 fll 

4.0 fll 

0.3 )11 

0.4 )Jl 

0.4 fll 

10.0 )11 

30.0 fll 

50.0 )JI 

The positive controls used DNA extracted from Chlamydia cultured in McCoy cells. The presence of Chlamydia in the 

McCoy cells had been confirmed by EM (Figure 16.2). Negative controls were mixed with twice-distilled water 

replacing the DNA extract. A "housekeeping" or genomic control, was not used. The housekeeping control most widely 

used is for human p-globin. The stability of the bacterial plasmid DNA differs from the stability of eukaryotic human 

chromosomal DNA because the plasmid DNA is super-coiled. A positive PCR result for human p-globin or any other 

human DNA sequence would not establish that the PCR conditions had been appropriate for super-coiled plasmid DNA. 

Amplification sequence 

The chain reaction was conducted using a Perkin Elmer thennal-cycler (DNA Thermal Cycler 480). following an initial 

denaturing step at 95' C for 7 minutes, DNA was amplified 40 times in an amplification series consisting of a 45 second 

melting step at 95' C, an anrealing step at 55' C for 30 seconds and a synthesis step at 72' C for 60 seconds. The PCR 

was completed with an extension step at 72' C for 240 seconds. The PCR product was demonstrated by electrophoresis 
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Figure 6.9. Slides were incubated for 120 minutes at 
370 C to allow probe to hybridize with target DNA. 
The slides were placed in a Kreatech covered tray 
with tissue paper soaked in d isti lied water placed 
under the slides to keep the slides moisturised 
during incubation. 

Figure 6.10. After hybridization, the cover slips 
were removed by soaking the slides in TBS buffer 
for 10 minutes. Once slides were placed in the 
buffer solution, the cover slips frequently dropped 
off unaided. It was sometimes necessary to 
mechanically remove the slips using a needle. 

I~......--=---..,;;;;;a~a;;..t.;;....;:;.c-=a a a a t t c t t t c t t t gat gee t tee c a a c a g g 

GAG AA T CAA AA TT C T T T C T T T GA T GC C T T C CCAAC A G 
110 120 130 

Figure 6.11. The sequence shown in purple above is taken from the portion of the published DNA ORf I 
sequence22 coding for the dnaB like protein by the cryptic Chlamydial plasmid "pCTTI." Below is the print out 
of the sequence of the amplicon determined by the DNA Analyser (Model AB1310, Applied Biosystems). The 
published sequence is identical to the sequence of the amp/icon taken from the agarose gel. The specificity of the 
PCR procedure was verified. 
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induced by ethidiwn bromide in tbe gel and consequently bound to the DNA fragments. The purified PCR product of 

interest could be identified by comparison of its molecular weight with tbe migration ladder of DNA fragments of known 

molecular weight. 

6.3.8.3 V ALIDA TION OF TIlE PCR METHOD 

The method was initially set up using positive control Chlamydial DNA extracted from Chlamydial cultures in McCoy 

cells. The presence of Chlamydiae in the McCoy ceUs was verified by demonstrating the organism using EM (Figure 

6.2). The extract was diluted I: 100000 and subjected to 40 cycles ofPCR. The expected 188 BP product was detected 

by electrophoresis in agarose gel using etltidiurn bromide-induced fluorescence in UV light. Subsequently, a piece of 

agarose containing the purified PCR product was excised from the gel and placed in a clean Eppendorfreaction tube. The 

product was subjected to DNA sequencing (DNA Analyser Model ABI3lO, Applied Biosystems). The sequence of the 

PCR reaction product was con fumed to have the target sequence. A portion of the print-{)ut from the sequencer shown 

previously (Figure 6.11) was identical to the anticipated sequence. The segment of the sequenced amplicon in Figure 

6.11 lies between BP 100 and BP 130 of the amplicon, and reads: 

" t gagaat oa aaattc tttc tttg a t gcc t t cccalO.ca gg." 

The same sequence is highlighted in purple in the DNA sequence for the cryptic Cblamydial plasmid pCTTI (vide supra 

6.3.8.2): 

c tq&gaatca aaattctttc tttqBtgcct tcccaacagg ~ 

The DNA extract derived from the McCoy culture was used as a positive control in each of the PCR runs conducted 

during the testing of the specimens to corroborate the DISH results. 

6.3.8.4 PROCEDURES & TECHNIQUES IN THE PCR LABORATORY 

Since the PCR technique hugely amplifies the number of DNA copies, contamination of specimen by even one copy of 

exogenous DNA can cause a false positive result. Contamination of the peR laboratory environment with vast numbers 

of copies of amplified DNA can be a serious problem. To address these issues, the principles of good laboratory practice 

in PCR were applied." 

Separate work areas 

Four separate work areas were used with procedures performed in each work area precisely prescribed. Progression of 

the test material from one room to the next room was strictly controlled. The tests batches were taken through the steps of 

the PCR procedure in complete compliance with tbe prescribed sequence. Once a step in the procedure was commenced 

or had been completed, reaction tubes or their contents were never taken back to a room used for steps earlier in the 

sequence. The equipment and consumable sU!Jplies necessary for the procedures occurring in each room were kept in that 

room. 
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Room I 

DNA extraction from 

material from one 

occurred in room one, 

to another. The 

care was taken to prevent cross contamination DNA-

thermal 

never 

was also np,ctr.nnpri in this room, The closed 

in this room, 

reaction tubes themml were 

Room 2 

of the master mix was 111 room two, from and and 

no solutions were ever introduced two, In this room of the master 

mix were into the reaction mixed with water and the reaction tubes closed, Since a semi-nested 

was in use, reaction tubes for a second round of were at the same time, A third 

01 was used and the master mix for the second sequence was stored in 

room one at -20oe unti 1 

Room 3 

DNA was added to the reaction tubes in room three, Several were used to reduce the of DNA 

contamination in this room Once the batch of reaction tubes had been for 

and were returned to work room one to be 

Room 4 

of DNA 

to UV I to induce fl uorescence and nh,"IIf'lor"", 

of the agarose 

documentation of the outcome of the 

exposure of the 

were 

in room four. Reaction tubes 

four, 

and hand 

attention was 

accurate, 

and 

were used, The cotton 

air was 

wide end, The selected 

secure 

the from the 

numbers of DNA were ever in room 

in each work-room, from the for 

were used to prevent cross contamination between 

Autoclaved DNA-free with cotton 

material from the into the 

up from their sterile container pette into the 

the bottom of the the pette to ensure a 

was established before the 

the built-in mechanical 

chlorine bleach thaI denatured any residual DNA in the 

was removed from the container. Once used, 

The ps were discarded into containers 

were never touched or handled in any olher 

way, 
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reaction tubes 

When reaction care was taken to prevent aerosolisation of any the under-surface lid. 

sll1ce micro-volumes were Joss of a from the reaction tube could alter the 

of the reaction. Tubes could be handled d III the different work-rooms. The functions of DNA 

extraction from were carried out in room one. To prevent contamination of and 

DNA extracts, reaction tubes on the in room one. 

n room where the master mix was the contents of all reaction tubes was intended to be the same. One 

cou Id be L1sed to into all of the tubes. It was not necessary to open one reaction tube at a 

time. The reaction tubes were in the rack. To add a the tube was lifted from the rack in the left hand and 

to eye level for accurate The was with the hand. Once 

the tube was in the rack. As each was added a space in the rack between the Drc)cesse:d tubes 

tube revealed more and the 

content than an 

tube served to avoid confusion. 

tube. 

careful examination of a Drc)cess(':d 

In room where different DNA solutions were added to reaction tubes and where cross contamination could occur, 

only one tube at a time. While the tube was held between thumb and middle the 

left of the I id on the side away from the index The of the index was used to 

flip the id lip care to prevent aerosol formation. The hand held and controlled the Once 

pr<)Ce:SSi~a, the tube was closed firm and returned to the rack to the next confusion between 

and tubes was a space the rack between the tubes and 

of the volume of content in the reaction tubes. 

Con tam ination of DNA WOll the control function that reaction tube. These 

were contamination of either control tubes or test tubes with DNA from the 

control would result in false tests and negate the function of the control. The control 

was therefore last. The test after the control and before the 

control. This 0,,'<;'''0'' served to avoid contamination of control with test and any other tubes with 

known 

to 

necessary to prevent 

reaction tube contain Iy control were 

of the containers so that DNA was not present on the lid of the reaction tube. This was 

DNA solution from aerosolised when the tubes were 

[n room each tube was a new steri Ie After the addition DNA the reaction tubes the 

DNA/master-mix combination m was stirred with the m before the was closed. After the 

addition of DNA to each reaction a of mineral I was used cover the surface of the reaction mix. The 

of oi I served to prevent accumu lation of steam and condensate on the id of the reaction cup the thermal 

The oi was on to the top of the reaction mix a Care was taken to ensure that the 
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Figure 6.12. Electron micrograph of cells lifted from Pap smears showed poor preservation 
of cellular morphology. Cell membranes and organelles were identifiable but detail was not 
crisp. A possible Chlamydial vacuole (C) was identified but the content of the vacuole was 
degenerate. Although possibly Chlamydia!, structures within the vacuoles could not be 
identified as Chlamydia! with any degree of confidence. 

Figure 6.13. EM examination of ultra-thin sections from tissue blocks showed better 
preservation than that seen in cells lifted from Papanicolaou smears. The close relationship 
between the cell nucleus (N) with the Chlamydia! vacuole (C) was similar to that shown in 
Swanson et al3s (Figures 3 & 4). Note the amorphous condensation lying centrally in the 
vacuole, similar to that seen in Figure 2 in the publication by Swanson et af. 
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m did not touch the rim of the reaction tube this process. After the addition of oil , the 

reaction tubes were to ensure of the oil over the aqueous 

After thermal in room one, the reaction tubes were in room fOUL An the reaction mixture was 

a new for each The al was careful chambers the 

agarose Care was taken to contamination of the ge environment The reaction tube was closed and the 

remam mix stored at for one month. Fluorescent bands in the were and the 

immed to record the resu It When necessary, a contain the PCR 

could be cut from the and to DNA Careful issection techn was necessary to only 

remove the fluorescent band of interest. The excised was clean 

reaction tube. The of interest could be identified ladder of DNA 

known molecular 

retained after 

To prevent contamination of the lab PCR were not 

had been made. The vvere discarded into waste marked 

for incineration a medical waste hand of workers to the effects of eth idium brom ide 

was also a consideration. 

Protective 

the entire process latex were worn. new of was used in each work room to 

prevent contamination of the controls and DNA from the A different Jab coat worn 

in each room and lab coats were not transferred from room room. The reaction tubes the mixes were carried 

from room to room in a clean rack. Care was taken to prevent contamination of the rack at all steps in the process. If a 

I were to occur, the was to decontaminate the room with bleach and alcohol solution. 

A Iternative non-contaminated rooms in the would be the affected work room Care to avoid 

contamination of or the researcher's hands with ethidium bromide was necessary as the reagent is 

6.4 RESULTS 

6.4.1 CULTURE OF CHLAMYDIAE 

A total of II 327 smears was received in the 1993. 74 cases 

as features of infection tmchomatis. Th irteen of these 74 women (17.6 

to corroborate the d Iture \-vas offered to these Seven 

were identified 

further 

obtained a culture and six a The small numbers of tests 

I statistical ana of this result However, this small group of the correlation cultures done 

because a smear was simi jf not better than the results achieved other workers. 
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Figure 6.14. The inclusions within the vacuoles were identifiable as Chlamydial with 
reticulate (r), and elemental (e) bodies identified, similar to those seen in Figure 2 of 
Swanson et al. 35 

Figure 6.15. The tissue control block 7H 0\39 showed Chlamydial elemental (e), 
intermediate (i) and reticulate (r) bodies. 
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6.4.2 

6.4.2.1 

FINDINGS USING ELECTRON MICROSCOPY 

PAP SMEARS 

Minute tissue 

and after 

contain 

and ultra-m 

immature squamous cells were successfu li fted from five smears 

of cellu lar 

The 

the 

exam ined under the electron The 

was poor. Cell membranes and les were identifiable but detail was not 

Ch vacuoles within the cells were identified but the content of the vacuoles was 

structures within the vacuoles were Ch ial in nature, it was not to 

with any of confidence, 

6.4.2.2 TISSUE SECTIONS 

EM examination of ultra-thin tissue sections from Iline tissue blocks showed better than the material 

obtained from pap smears 6.1 Confident identi fication of within vacuoles was 

in seven of the nine cases examined, The close between the eel nucleus with the Ch vacuole was 

sim i lar to that shown in 3 and 4 Swanson et 

6.1 The inclusions within the vacuoles were identifiable as 

elemental bodies identified 6,14,6, similar to those seen in Swanson el ae' 

SETTING UP AND ESTABLlSHlNG THE DISH METHOD 

POSITIVE & NEGATIVE CONTROLS lISING INFECTED MCCOY CELLS 

with reticu intermediate and 

6.4.3 

6.4.3.1 

The control slides with cel infected with trachomalis stained Iy when 

with the Kreatech 

P and the revised 

CHI-T-DIG-I. Positive results were obtained both the in itial "r,."t""A 

was obtained with the reduced concentration of I) 

and the reduced incubation time (10 for the 6,16 When the was 

non-Ch the known cell cultures did not stain ( 6,16 

6.4.3.2 ESTABLlSHrNG POSITIVE CONTROL TISSl'E FOR DISH 

The tissue taken from 7HOJ shown to contain Ch RB EM at the Un of 

Town 

within 

6, I at Kreatech Laboratories showed stain of vacuolar inclusions 

culture cells infected squamous 6, I the validation of 71-101 

with trachomalis were used for the control. At 

sections of block 7HO 39 was demonstrated to contain Ch 

DNA extracted from serial 

PCR, The control for this 

reaction was a DNA extract derived from eh cells shown to contain inclusions 

EM the PCR reaction derived from 71-10139 was automatically a DNA 

sequencer and shown to be with the sequence. Serial sections taken from block 71-10139 were used 

as a control for the DISH reaction, 
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Figure 6.16 A. McCoy cells infected with 
Chlamydia trachomatis used for positive control 
Cells stained positively when probed with the 
Kreatech Chlamydia-specific probe CHLT-DIG-I. 
The background was clean and devoid of noise 
signal. 

Figure 6.17. Tissue from hysterectomy specimen 
7HO 139 showed positive staining of vacuolar 
inclusions within metaplastic squamous epithelium. 
The background was clean and devoid of noise 
signal. 

Figure 6.16 B. McCoy cells infected with 
Chlamydia trachomatis used as positive control. 
Cells did not stained positively when probed with 
the Kreatech non-Chlamydial probe PLD043. 

Figure 6.18. The technical quality of all tissue 
sections evaluated by the DISH method was 
acceptable. Where lifting of sections occurred, 
this was generally minimal and usually partial. 
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6.4.4 

6.4.4.1 

159 

orSH TESTS 

TECHNICAL EVALUATION OF PS AND TS QllALITY 

The technical aspects of sections and smears subjected to the DISH staining process were assessed. Sections and smears 

were assessed for loss of tissue and for back ground staining (signal noise). The severity of the loss of cell groups in PS 

and tissue in TS was recorded and graded as absent, mild (+), moderate (++) or severe (+++) (Tables 6.8 & 6.9). 

Comparison of the background signal in the negative test area probed with PLD043 or HPV-DIG I with the signal in the 

test area probed with CHLT-DIG-l made it possible to assess background staining. The test areas generally showed very 

little background staining. When present, background staining was easy to identify and generally, it was possible to 

separate background from true positive staining. The background staining was graded as mild (+), moderate (++) or 

severe (-jl+) (Tables 6.8 &6. 9). 

Pap smears 

There was some Joss of cellu lar material from most (i f not all) of the Pap smear slides, but th is was not excessive (Table 

6.8). The loss of cellular material was obvious because cell groups of interest had been identified on the reverse side of 

the smear by scoring the glass with a diamond pencil. However, in all cases, sufficient cellular material remained for a 

proper interpretation of the DISH outcome. One PS- showed background staining that interfered with interpretation and 

was regarded as a possible false positive (vide infra). Unlike working with the tissue sections, when working with Pap 

smears, no spare material was available for repeated DISH testing when technical difficulties arose. Fortunately, 

technical difficulties did not necessitate rejection of any PS cases subjected to DISH. 

Table 6.8 
Twenty five PS+ and 10 PS- were subjected to DISH. 19 PS+ and 7 PS- showed mild loss of cellular material, 4 PS+ and 2 PS· 

showed moderate loss of cells while 2 PS+ and 1 ps showed severe loss of cells. The Control smears (MC+, PS-HPV) 

showed sim i lar rates of less ceJJ Joss. Background stain ing was mild in the majority of cases, but severe background 
stain ing was problematic in 1 PS··. The outcome of DISH staining in all smears was interpretable. 

Technical Quality of Smears 
Morphology of Smear Number of Tests 

Cell loss Background staining 

+ ++ +++ + ++ +++ 

PS + 25 19 I 4 2 19 3 1 

MC+ 4 1 2 1 4 0 0 

PS- 10 7 2 1 5 3 2 

PS- with other orgHllisms 7 5 1 1 4 2 1 

PS- salis other organisms 3 2 1 0 1 1 1 * 

PS-HPY/CIN 4 3 I 0 4 0 0 

PS+ PS- PLD043 30 23 5 2 21 7 3 

PS +, MC + HPY-DIGI 13 7 4 2 9 3 1 
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Tissue sections 

The technical quality of sections in all TS cases evaluated by the DISH method was acceptable (Table 6.9). Where 

lifting of sections occurred, this was generally minimal and usually partial (Figure 6.18). Only one case showed lifting of 

sections severe enough to interfere with interpretation. Spare tissue sections were available and the paired serial sections 4 

& 5 were used to successfully repeat the in situ hybridization. Two TS- and one TS I showed marked backg.round noise. 

However, the background signal intelfered with interpretation of staining in only one TS-. This section showed some 

granular deposits that were difficult to interpret in both the negative control and the test areas. Serial sections 4 & 5 from 

this TS . case were subjected to repeat hybridization (vide infra). 

Table 6.9 
Twenty five TS+ and 10 TS- were subjected to DISH. There was no lifting of the sections in 14 TS+ and 8 TS- while 6 TS+ 

and I TS- showed mild loss of cellular material. 4 TS+ and I TS- showed moderate lifting of sections. Severe lifting of 
sections occurred in one of the TS+ (marked *) and a serial section was stained. The Control smears (C+, TS-HPV) showed 
essentially s im ilar occasional tendency of sections to I i ft. One TS-- (marked * *) showed marked background stain ing that 
interfered with interpretation and a serial section was stained (marked **). 

Technical Quality of Sections 
Vlorphology of Smear Number of Tests 

Lifting of section Background staining 

- + ++ +++ - + ++ +++ 

TS + 25 14 6 4 1* 8 10 6 I 

C+ 4 2 I I 0 I 3 0 0 

TS- 10 8 I 1 0 3 2 3 2** 

TS-HPV 4 3 I 0 0 2 1 I 0 

TS + repeat' I I I 

TS- repeat*' 2 2 I J 

TS+ T5- PLD043 39 15 8 5 2 6 22 2 0 

6.4.4.2 CONTROLS 

Negative control area in PS- & PS+ 

In Pap smears, assessment of the background staining ill the negative test area was very useful. This assessment made it 

possible to clearly separate the staining of elemental bodies in the mucus streaks from non-specific background staining. 

In all but one of the cases tested, the demarcated negative control area on each test slide that had not been exposed to 

CHL T-D1G-I"; probe (negative control area) did not stain with alkaline phosphatase. The case was a PS+ in which the 

negative control area had been probed with HPY -DIG J. Intra-nuclear and cytoplasm ic signals were present, compatible 

with HPY infection. 

Three PS+ and two PS· cases showed heavy background staining in the negative control area. In one of these PS - cases, 

the background signal had an impact on the interpretation of the DISH test as positive. Again, moderate background 
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Figure 6.19A. One of the PS- cases showed 
moderate background noise signal. Fine dark 
granular deposits resembled the staining of EB 
were found in extra-cellular mucin streaks. 

Figure 6.19B One PS- cases showed marked 
background noise signal. Coarse dark granular 
deposits resembled the staining of EB were found 
in extra-cellular mucin streaks. 

Figure 6.20. Chlamydial DNA-staining within vacuoles (v) in the cytoplasm (c) of metaplastic squamous 
cells. The background was clean and devoid of noise signal and inflammatory cells (i) were not stained. 
Twenty three of the 25 PS+ (92%) showed Chlamydial DNA-staining within vacuoles in the metaplastic 
squamous cells. 
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was present in the control area of three PS· and in one, this may have influenced the of the 

DISH. 

control PS­

Two PS- cases were tp",nrp,pri as Cil DNA in the test area with CHL T-DIG- the 

and One of these PS- cases showed marked nOise 

in the other, was moderate. Fine dark were found in extra-cellular mucin streaks in 

the test area of these smears. These granular resembled the of EB seen in PS+ cases 6.1 

6.1 Cell was not stained in either of these cases, and there were no intra-cellular inclusions. The 

control test areas of these slides were for in one was marked 

and moderate in the other. While these could have been as artifactual and part of the 

it was not to exclude the presence of a few 

infection. Since one smear was available for each 

Tn the calculations for the of the DISH 

PS- selections A 

showed that could be associated with 

case in these two TS- cases were also 

control TS-

case, repeat stain to 

these cases were 

of false 

granu lar it was not 

ial 

was not 

false 

say thnt the 

One of the TS-sections showed in the luminal mucus of the endocervical in the test area. There 

wns severe contra 1 and the test area sections. There was no of 

mucinous cell nor were there intra-cellular inclusions in the squamous The 

reflected the EB. However, these granules were as artifactual and 

part the Since it was to use serial DISH tests were on spare 

sections 4 & 5. The repeat showed m Id and the test area was 

Ch DNA. In the final outcome, all TS- were corroborated to be DISH 

Positive controls 

Positive control cu Itures and the 

when with CHL T-DIG 

granu lar and was the characteristic dark 

control tissue sections were 

with HPV-DlG I did not generate 

colour associated with the A 

6.1 I). 

a-DI 

serial 

for 

in all cases 

was 

NBT/BCIP 

substrate 6.16,6.1 The 

was noted and 

was clean and devoid of noise 

ns ml or severe 

in most cnses. The presence of non-

6.8 & 

contl-ols 

The controls showed features HPV infection with or without ClN. A of the smears and 

tissue sections stained with HPV-DlG-J showed nuclear and ic confirm the criteria 
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Figure 6.21. Abundant stalnmg was seen in the 
cytoplasm of metaplastic squamous epithelial cells. 

Figure 6.23. Fine granular staining was noted in 
endocervical mucus threads. 

Figure 6.22. Cuboidal mucinous epithelial cells 
showed marked cytoplasmic staining, in some 
cases masking cellular detail to some extent. 

Figure 6.24. ChJamydiaJ DNA was also found 
adherent to the surface of squamous cells, 
indicating the presence of numerous Chlamydial 
EB. 
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used to make the diagnosis of HPY infection. This result also confirmed that hybridization conditions had been 

successfully met during each of the DISH runs. The positive control MC+ Pap smears and the C f- tissue sections from 

7HO 139 did not stain for HPY. These latter results con firmed the specificity of the HPY and the Ch lamydia I probes. 

6.4.4.3 RESULTS 11\ PAP SMEARS 

Results using the in situ hybridization technique are shown below (Table 6.10). Known positive controls (MC+) were 

used with each batch of test slides and stained appropriately on each occasion (Figure 6.16A). Twenty three of the 25 

PS+ (92%) showed Chlamydial DNA-staining within vacuoles in the metaplastic squamous cells (Figure 6.20). 

Abundant staining was also seen in the cytoplasm of metaplastic squamous (Figure 6.21) and cuboidal mucinous 

epithelial cells (figure 6.22). Fine granular staining was noted in endocervical mucus threads (Figure 6.23). Chlamydia] 

DNA was also found adherent to the surface of squamous cells (Figure 6.24). These extra-cellular signals were regarded 

as showing Chlamydia! EB. 

Table 6.1 0 
Twenty three of 25 PS+ showed the presence of Chlamydial DNA (92%). Nine of 10 PS- (90%) did not show Chlamydial 
DNA When PS were combined with 14 PS-HPV/CIN as a group, 93% were negative for Chlamydial DNA. The correlation 
between morphologic diagnosis and DISH result was statistically significant to high degree (p <0.001). 

Morphology of Number Chlamydia Chlamydia HPV Significance 
Smear of Tests Positive Negative Positive () 

PS+ 25 2J 2 I of9 p < 0.0005 

MC+ 4 4 0 0 

PS- 10 ?2 8 0 p = 0.0255 

PS- salis other orgallisms 3 ?I 2 N/A 

PS- with other orgallisms 7 0 7 N/A 

PS-HPV/CIN 4 0 4 4 

PS- with PS-HPV/C1N 14 ?2 12 4 P < 0.001 

PS+ PS- PLD043 30 0 30 N/A P < 0.0001 

One of the two PS+ that did not show Chlamydial DNA did show signal in the negative control area probed with HPY­

DIG I. The negative control area in the second PS+ without signal for Chlamydial DNA had been probed with PLD043 

probe and showed no signal. 

The eleven PS -with other infectious organisms present showed no signal for Chlamydial DNA (Table 6.10). The CHL T­

DIG-I probe did not cross react with the PS- cases showing HPY (4 cases), Candida sp. (2 cases), GardnereLla sp. (2 

cases), Herpes simplex virus (I case), Neisseria sp. (I case) or Trichomonas sp (I case). Of the four PS- cases that 

showed no evidence of other infectious organisms, three showed no signal. One showed some positive staining in mucus 

streaks (Figure 6.19). This staining did not appear to represent a cross reaction with DNA from another organism since in 
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Figure 6.25. Tissue sections showed staining of Chlamydial DNA within vacuoles in the metaplastic squamous 
cells. 

Figure 6.26. Strong stalnJng was found in the cytoplasm of cuboidal mucinous epithelial cells lining 
endocervical glands. The background was clean. Insert: some cells showed scanty cytoplasmic staining (j) and 
staining ofEB in surface mucus (m) is present. 
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neither case, were other organisms identified. No other staining was found in these smears. No cells showed cytoplasmic 

positivity. This contrasted with the usual staining pattern found in PS+. The PS+ Smears selected using the morphologic 

criteria for Chlamydial infection showed abundant cytoplasmic positivity in both mucinous cells and metaplastic cells. 

The few granules in the muCus streaks of this PS . smear could have represented Chlamydia] EB but equally, may have 

been arti factua L 

The presence of Chlamydial DNA confirmcd in 23 of the 25 PS+ cases (92 %) selected by LM was a statistically 

significant outcome wirh a p value of'- 0.0005 (Table 6.10). However, the DlSH method yielded one possible positive 

case amongst the negative controls. In this case, scanty DISH-positive material resembling EB was found within mucus 

streaks. Twelve of the 14 PS- cases (10 PS- and 4 PS HPV,'CIN) showed no signal for Chlamydial DNA. Simple 

statistical analysis of this outcome was statistically significant (p < 0.0005) (Table 6.10). 

6.4.4.4 RESULTS IN TISStE SECTIONS 

The outcome of DISH staining for Chlamydial DNA in tissue sections is shown below Cfable 6.11). The positive control 

sections (7HO 139) used with each batch of tests Slilined appropriately on each occasion. Twenty three of the 25 TS' 

(92%) showed staining of Chlamydia I DNA within vacuoles in the metaplastic squamous cells (Figure 6.25) and staining 

was also seen in the cytopJasm of these cells. Strong staining was found in the cytoplasm of cuboidal mucinolls epithelial 

cells lining endocervical glands (Figure 6.26). 

Table 6.11 
Twenly three of 25 TS+ showed the presence of Chlamydia] DNA (92%) The correlation belween morphologic diagnosis 
and DISH result was statistically significant to a high degree (p < 0.005). Thirleen (93%) of 1'1 T5 cases (TS- with TS· HPV), 
were negative for Chlamydia] DNA Nine of 10 TS- (Slooj,)) did not show Chlamydia] DNA, When staining was repeated on 
the two TS- cases with marked background staining, reduction in background occurred but one of the 10 TS- (10%) 
remained as Chlamydia positive.* 

Morphology of Section Number of Chlamydia Chlamydia HPV Significance 
Tests Positive Negative Positive (5 

TS+ 25 r _J I 2 N/A p< 0.0005 

C+ (mOI39) 4 4 0 N/A 

TS- 10 I rc-slilincd* 9 N/A P ~ 0.024 

TS- one C::Ise repe::lted 10 0 10 N/A P < 0.000 I 

TS-HPV 4 N/A 4 4 

TS- with TS-HPV 14 ? I 13 4 P < 0.0005 

TS+ PLD043 25 0 25 N/A P < 0.0005 

TS- PLD043 14 0 10 4 P < 0.0005 

Background "noise signal" was mild in the majority orcases. All of the negative control sections (probed with PLD043) 

showed a relatively clean background (Table 6.9). Comparison of the background staining in the negative conrrol section 
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Figure 6.27. Abundant granular staining of EB is 
present in endocervical mucus (m) adherent to the 
surface of cells lining endocervical glands. Note 
the scanty intracellular staining present in some 
mucinous cells (t). 

Figure 6.29. One case showed scanty granular 
positive staining in mucus (m) present in glandular 
lumina. The metaplastic and endocervical 
coluI1U1ar mucinous cells (ec) did not show 
inclusions or cytoplasmic stalO1Og. Heavy 
background staining was present. 

Figure 6.28. There was prominent staiOlOg of 
endocervical glands and their luminal content in 
test sections (Figure 6.26) but this was absent in 
all of the probed with PLD043 and TS- control 
sections probed with CHLT-DIG-I. 

- - ---
s c N N + - + 

S = Standard l88bp ~ 
C = McCoy Culture positive control 
N = Negative Control (x 2) 
- = Negative result 
+ = Positive result 

+ 

Figure 6.30. The when stained with ethidium bromide the 
DNA amplicons showed fluorescence induced by UV light. 
The electrophoresis result of the amplification product in 
agarose gel was recorded photog.raphically using polar using 
Polaroid® images. 
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with the test section was very useful In of the mucin within the 

lumina of endocervical and of endocervical very There was 

of numbers of endocervical and their luminal content in test sections but this was 

absent in al of the PLD043 and TS- control sections The of extra-cellular mucin was 

as to be due to the presence of EB. 

Two of the I TS- 1884 & 6H 3001 cases showed marked that made 

difficult. One showed scanty in mucus present in 

The cells and columnar mucinous cells 

test section on this slide was clean Whether or not these were arti factual was 

but the presence of some infection could not be excluded, 

The usual TS+ pattern was clear in mucinous cells, Contrasted with usual 

TS+ in this TS- case was very different. Since this case was one of two TS- (5 H J 884 & 6H 

3001 that both cases were re-tested on serial sections 4 & 5, The repeat test 

showed reduced in both cases, the in the luminal mucus in serial section 2 of 

5H 1884 were also present in serial section 4, This as forCh DNA. 

On the other in 6H 3001 B, the there was in the luminal mucus in 

serial sections 4, It was concluded that 5H 1884 TS- (I should be as a false ve 

of showed that the ficance of these results was of a The p 

value for the TS+ results was < 0,0005, For the controls, of ten TS-- cases combined with 

TS- HPV cases showed a value < 0,0005 6, J 

SPECIFICITY AND SENSITIVITY OF DISH 6.4.4.5 

The of the tests was calculated to the formula: 

The 

Specificity = 

No raise negative x 100 
No true positives 

of the tests was calculated 

No false positives x 100 
No negatIves 

For the purposes of the 

as the "true 

the DISH method when 

the formula: 

of the DISH the was 

the control results as true, the 

to smears was 92,0 % and the was 85,8 % 

The results of the two PS­

both showed marked 

controls that showed scanty, were incl uded even 

as seen in PS+ was not present. and the full of 
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Table 6.12 
For the purposes of calculating the sensitivity and specificity of DISH when Pap smears were tested by the method. the 
morphologic prediction was regarded as the I\trlle positive)' or ';true negative" result. The number offalse negative results 
was 2 in 25 and the number offalse positive results was I in 14. 

- ----
DISH Result Morphologic 

True Positive 
DISH Positive 23 

DISH Negative I 2 
Total 25 

'--

SellsitivilY '-' 1- No fals.e negative x 100 
No (rue positives 

1- 2 x. 100 
25 

1- 0080,100 

'" 92.0 % 

Morphologic Total 
True Negative I 

2 24 
12 15 (14) 
14 39 (38) 

Sret:ificilY 1- No false positives x 100 
No [rlle negtltives 

1-2x100 
14 

1-0142,[00 

= 85.8 % 

Similarly. the DISH method used on tissue sections showed a sensitivity of92.0 % & a specificity of92.9 % (Table 6.13) 

6.4.4.6 SPEC1FIC1TV AND SENS1T1V1TV OF MORPHOLOG1C CR1TERtA AS CONFIRMED BY DISH 

Using DISH as the "gold standard" for the purposes of analysis, the sensitivity and specificity of morphologic criteria as 

corroborated by the DISH method could be calculated. When the DISH results were regarded as the "true positive" or 

"true negative," the morphologic criteria when applied to Pap smears showed a sensitivity of 92.0 % and a specificity of 

85.7 % (Table 614). 

Table 6.13 
For the purposes of calculating the sensitivity and specificity of the DISH method applied to tissue sections, the 
morphologic prediction was regarded as the "true positive" or "true negative" result. The number of false negative results 
was 2 in 25 and the number of false positive results was I in 14. 

DISH Result Morphologic 
True Positive 

DISH Positive 23 
DISH Negative 2 
Total 25 

Sensitivity = 1- No fals.e negative x 100 
No true positives 

1-2xlOO 
25 

1 - 0080, 100 

= 92.0 % 

Morphologic Total 
True Negative 

I 24 
3 II 
14 39 

Specificity = 1- No false positives x 100 
No true negmives 

1- J x 100 
14 

I - 0.07 I x 100 

= 92.9 % 
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Table 6.14 

The sensitivity and specificity of the morphologic criteria, when applied to Pap smears, was calculated using the DISH 

method as the gold standard for "true positive" or "true negative" results. The number of false negative results was I in 24 

and the number offalse positive results was 2 in 15. 

Morphologic Result DISH 
True Positive 

Morphologic Positive 23 
Morphologic Negative 2 
Total 25 

Sensilivity = I - No false negalive x 100 
No Irlle positives 

1- 2 x 100 
25 

1-0.08x 100 

= 92.0 % 

DISH Total 
True Negative 

2 25 
12 14 
14 39 

Speci Ii city = I - No false positives x 100 
No Irue negatives 

I - 2 x 100 
14 

1- 0.143 x 100 

= 85.7 % 

Similarly, the morphologic criteria when applied in tissue sections showed a sensitivity of95.8 % and a specificity of 86.7 

% (Table 6.15). 

Table 6.15 
When calculating the sensitivity and specificity of the morphologic criteria applied to tissue sections, the DISH result was 
regarded as the "true positive" or "true negative" result. The number offalse negative results was 0 in 27 and the number 
of false positive results was 2 in 14. 

Morphologic Resu It 

Morphologic Positive 
Morphologic Negative 
Total 

Sensilivity = I - No false negative x 100 
No Irue positives 

I - I x 100 
24 

1- 0.042 x 100 

= 95.8 % 

6.4.5 PCR CORROBORATION 

DISH DISH Total 
True Positive True Negative 

23 2 25 
I 13 14 

24 15 39 

Specificity = 1- No false positives x 100 
No Irue negatives 

1·- 2 x 100 
15 

1-0.133xI00 

= 86.7 % 

The amplification product when stained with ethidium bromide showed fluorescence induced by UV light (Figure 6.30). 

The result of the electrophoresis in agarose gel was recorded photographically using polar using Polaroid images. 

Sequencing of the amplification product confirmed the DNA to be Chlamydial (Figure 6.11). Of the 25 cases regarded as 

showing morphologic features of Chlamydial infection, 22 cases were confirmed by PCR (p < 0.0005). A single cycle 

PCR sequence was sufficient to detect 9 of the 25 TS:. The second amplification sequence using the semi-nested sense 2 



Univ
ers

ity
 of

Cap
e Tow

n

167 

primer was performed on the remaining 16 TS+ and 13 more cases were confirmed, Three of the TS+ could not be 

confirmed to contain Chlamydial DNA by PCR. All of the TS- were subjected to the two amplification cycles. Eight of 

the 10 TS- were negative for Chlamydial DNA after both PCR cycles. Two of the TS- tested positive by PCR, one after 

the ~rst cycle and one after the second cycle. The outcome of the PCR is shown below (Table 6.16). The positive control 

Me;- specimens were all confirmed positive in () singJe cycle peR sequence using either the sense I or the sense 2 

primers. The negative controls (water blanks) were all negative. 

Table 6.16 
The peR con~rrned 22 of25 TS+ cases to contain Chlamydial DNA (p < 0.005). Eight of the 10 TS- were con~rmed negative 
for Chlamydial DNA by PCR (p = 0.0255). Positive control MC+ all produced a positive result in one cycle, 6 runs with the 
sense J primer and 4 runs with the sense 2 primer*. 

Morphology No of I No positive for Chlamydia No negative for I Significance 
of Specimen Specimens 

I" cycle (Sense I) 2",1 cycle (Sense 2) 
Chlamydia 
(Sense [ & 2) 

TS+ 25 9 13 3 I < 0.0005 
TS- to 1 I 8 < 0.0255 
MC+ 10 6 4* 0 I < 0000 I 
Blank 10 0 a 10 I < 0000 I 
Total 55 13 18 22 I 

Vfhen morphology was accepted as the true result, the peR method had a sensitivity 88% and a specificity of90% (Table 

6.17). 

Table 6.17 
For the purposes of calculating the sensitivity and specificity of the peR method, the morphologic prediction was 
regarded as the "true positive" or "true negative" result. The number of false negative results was 3 in 25 and the number 
of false positive results was 1 in 10. 

PCR Result Morphologic 
True Positive 

PCR Positive 22 
peR Negative 3 
Totat 25 

SemilivilY I - No false negative x 100 
No [rue positives 

1-3),,100 
25 

1-0,12xI00 

- 88 % 

Morphologic Total 
True Negative 

2 23 
8 12 I 
10 35 

SpeCillcilY == I - No false positives .-.: 100 
No true negatives 

1-2x100 
TO 

I - 0.2 x 10D 

= 80 ':>Jo 

Testing the morphologic criteria where the peR results were accepted as true, the sensitivity of the criteria was found to 

be 96% and the speci~city was 73% (Table 6.18). 
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Table 6.18 
When calculating the sensitivity and specificity of the morphologic criteria, the peR results was regarded as the "tme 
positive" Or ({true negative» results. The number of false negative results was 3 in 25 and the number of false positive 
results was I in 10. 

Morphologic Result PCR I True Positive 
Morphology Positive 
Morphology Negative 

Total 

Sellsi(iviry - I - No fAlse negative x 100 
No true positives 

I - I x 100 
24 

J - 0.042 x 100 

= %.8% 

22 
2 
24 

PCR Total 
True Negative 

3 2S 
8 10 
II 35 

Speci!lcily = I - No false positives x 100 
No true negatives 

1- J x 100 
II 

1 - 0.273 x 100 

co 72.7 % 

6.4.6 THE EXPANDED GOLD STANDARD (DlSH & peR TOGETHER) 

The CDC has recommended use of two DNA detection methods to set a gold standard in the evaluation of testing for 

Chlamydjal infection. l In determining [he sensitivity and specifLcity ofa detection method, identification of true positive 

and true negative cases using two DNA detection tJlethods can be achieved in either of two ways (own observation). 

Firstly, an "expanded" gold standard can accept corroboration by anyone of the two DNA tests. Alternatively a 

"combined" gold standard can require that both DNA tests corroborate the result. Using an "expanded" gold standard 

would improve the sensitivity of the gold standard since it is likely that the two DNA methods together would detect more 

cases than either test alone. On the other hand, the strict requirement for concordant results in the "combined" 

corroboration would improve the specificity of the gold standard. Both methods of determining true positive and true 

negative cases were applied (vide infra). 

The results of corroboratory DNA testing of the cases selecred on morphologic grounds as either Chlamydia positive 

(TS+) or negative (TS-) are shown below (Table 6.19). To enable comparison of the results of the two corroboratory 

tests in any single case, the results were tabulated showing the practice laboratory accession number of each case. The 

unique Krearech numbers on [he DISH results were matched with the names of [he patients. The DISH results could then 

be re-assigned the blinded practice laboratory accession number of the specimen. The DISH results could then be 

matched with the peR results, identified by the practice accession number. 

TS + cases 

Concordance of the morphology, DISH and PCR was obtained in 21 of the 2S cases. Of the 2S TS+ cases selected by 

light microscopy, 24 tested positive by at least one of the two DNA techniques. DISH detected Chlamydia I DNA in 23 of 

the 2S (92 %) TS+ cases selected using the morphologic criteria (Tables 6.9 & 6.19). PCR confirmed the presence of 

Chlamydial DNA in 22 of25 TS+ cases regarded as positive by LM (88 %) (Tables 6.16 & 6.19). Thirteen of the 

positive cases required two cycles of PCR (positive [2]) using semi·nested primers to deteci the Chlamydial DNA. Two 
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of the three cases (SH 1016 C and 6H 1844 C) were shown to be positive by DISH and could therefore regarded as PCR 

discordant. One case (3H 3170 B) was negative by both DNA test methods and was regarded as a discordant 

morphology, false positive. 

Table 6.19 
The results of corroboratory DNA testing of the 25 TS+ and 10 TS- cases are shown for each case, identified by accession 
number. Thlrteen of the positive cases required two cycles of PCR (positive [2]) using semi-nested primers to detect the 
Chlamydial DNA. Twenty one TS+ were confmned by both DNA test methods. Another 3 TS+ were confurned by at least 
one other DNA test. Only one TS+ was discordant with both of the DNA tests. Eight of the TS- were corroborated by both of 
the DNA test methods. Another TS-was corroborated by DISH only. Only one TS- tested positive by both methods. Nine of 
ten T5- and 24 Of25 TS+ were corroborated by one or other DNA method. 

Sample by Light DISH PCR Conclusion 
Accession No Microscopy [ I] or [2] cycles 

3H 2616 Positive Positive Positive [2] Concordant 
3H 2943 D Positive Positive Positive [J] Concordant 
3H 2944 C Positive Negative Positive III Discordant DISH 

3H 2974 Positive Positive Positive [2] Concordant 
3H 3160 A Positive Positive Positive [2] Concordant 
3H3161B Negative Negative Negative [2] Concordant 
3H 3170 B Positive Ne2ative Ne2ative 121 Discordant MorJ!hology 
3H3177D Positive Positive Positive [2] Concordant 
3H 4198 C Positive Positive Positive [I] Concordant 
4H 2302 C Negative Negative Negative [2] Concordant 
4H 2308 D Negative Negative Negative [2] Concordant 
4H 2649 Negative Negative Negative [2] Concordant 
4H 2988 A Positive Positive Positive [2] Concordant 
4H 3515 A Positive Positive Positive [1 ] Concordant 
4H 3861 B Positive Positive Positive [2] Concordant 
4H 3862 A Positive Positive Positive [1 ] Concordant 
4H 4228 A Positive Positive Positive [2] Concordant 
5H 0860 C Ne2ative Negative Positive III Discordant pe R 

5HI015 A Positive Positive Positive [I] Concordant 
SH 1016 C Positive Positive Negative 121 Discordant pe R 

SH 1884 Negative Positive Positive I J I Discordant Morpholo2Y 
5H 4897 Positive Positive Positive [2] Concordant 
5H 5177 C Negative Negative Negative [2] Concordant 
5H 6200 D Positive Positive Positive [2] Concordant 
5H 6407 C Negative Negative Negative [2] Concordant 
5H 7164 A Positive Positive Positive [2] Concordant 
5H 7935 C Positive Positive Positive [2] Concordant 
6H 1637 Negative Negative Negative [2] Concordant 
6H 1844 C Positive Positive Negative 121 DiscordantPCR 
6Hl551B Positive Positive Positive [1] Concordant 
6H 2976 A Positive Positive Positive [2] Concordant 
6H 3001 B Negative Negative Negative [2] Concordant 
6H 4469 D Positive Positive Positive [1] Concordant 
6H 5003 Positive Positive Positive [2] Concordant 
6H 7377A Positive Positive Positive [1 ] Concordant 
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TS- cases 

eight of the ten TS- cases selected by LM were confirmed negative by both DNA techniques. Nine of the ten TS- cases 

were negative by DISH. The other case (SH 1884) showed scanty signal in extra-cellular mucus, arguably extra-cellular 

EB, and was deemed positive. This case was subsequently shown to be positive by peR also (Table 6.19). When the 

combined gold standard of peR and DISH were applied to TS- case SH 1884, the discordant morphoJogy was regarded 

as a false negative. Nine of the TS- cases negative by light microscopy tested negative by at least one of the two DNA 

techniques. One DISH result, two morphologic results and three peR results were discordant with respect to the other 

modalities. 

6.4.6.1 SPECIFICITY AND SENSITIVITY OF THE "JORPHOLOGIC CRITERIA 

The strict (more specific) combined gold standard 

The results obtained are summarised below (Table 6.20). To calculate the sensitivity and specificity of the morphologic 

diagnosis against the "combined" gold standard, the concordant DNA tests were regarded as "true" and non-concordant 

tests were excluded from the calculation. The sensitivity of the morphologic criteria measured against the exclusive 

expanded gold standard was 9S.S % and the specificity of the criteria was 88.9 %. 

Table 6.20 
The sensitivity and specificity of the morphologic criteria was calculated by comparison of the morphologic diagnosis 
with the "true diagnosis" derived from concordant DNA results. The number of false negative results was I in 22 and the 
number offalse positive results was I in 9. 

Morphologic Concordant DNA 
Result True Positive 

Morphology + 21 
Morphology - I 
Total 22 

Sensitivity ~ I - No false negative x 100 
No true positives 

I - I x 100 
22 

1-- 0.045 x 100 

~ 95.5% 

Concordant DNA Discordant Discordant 
True Negative DISH 

I I 
8 0 
9 I 

Specilicity = 1- No hllse positives x 100 
No true negatives 

I - I x 100 
9 

I-O.IJ I x 100 

= 88.9 % 

PCR 

2 
I 
3 

The more sensitive "expanded" gold standard 

Total 

25 
10 
35 

Similar, slightly higher figures for the sensitivity (96.0%) and specificity (90.0%) of the morphologic criteria were 

obtained if corroboration by anyone of the DNA methods was accepted as "true" (Table 6.2 I). 
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Table 6.21 
In this model, a corroboratory PCR resu lt &Ior DISH result was regarded as the " true positive" or "true negative" outcome 
when calculating the sensitivity and specificity of the morphologic criteria. False results were those corroborated by 
neither method. The number offalse negative results was I in 25 and the number offalse positive results was I in 10. 

Morphologic Result peR &1 or DISH peR sdor DISH Total 
True Positive 

Morphology Positive 
Morphology Negative 

i Total 

St:J1s iti vity = I - No raise negative x 100 
No trtle positives 

1- I x 100 
25 

1- 0.040 x 100 

= 96.0% 

24 
J 

25 

True Negative 
1 25 
9 10 
10 35 

Specificity = 1- No fnlse positives x 100 
No trllc negMives 

I - I x 100 
10 

I . 0.100 x 100 

90.0% 

6.4.6.2 SPECIFICITY AND SENSITIVITY OF THE DISH KIT 

The specificity and sensitivity of the Kreatech Rembrandt Ultradig DISH® kit was calculated usmg concordant 

morphology and PCR results as a "combined" gold standard (Table 6.22). The DISH kit showed a sensitivity of 99.6% 

and a specificity of J 00 %. 

Table 6.22 
In th is model, a concordant morphology and PCR resu It was regarded as the "true positive" or "true negative" outcome 
when calculating the sensitivity and specificity of the DISH kit. The number of false negative results was I in 23 and the 
number offalse positive results was 0 in 8. 

DISH Result Morphology & peR Morphology & peR 
True Positive True Negative 

DISH Positive 22 0 
DISH Negative I 8 
Total 23 8 

Sensiti vi ty = I - No raise nega tive x 100 
No true positives 

Spcci licity = I - No false positives x 100 
No trlle negatives 

6.4.6.3 

I - I x 100 
23 

I - 0.0044x 100 

= 99.6% 

SPEC) nCITY AND SENSITIVITY or THE peR 

I - OxiOO 
"8 

I - 0.000 x 100 

100.0 % 

Total 

22 
9 

31 

Similarly, the specificity and sensitivity of the peR test could be calculated using concordant morphology and DISH 

results as a "combined" gold standard (Table 6.23). The PCR showed a sensitiv ity of95.5% and a specificity of90 %. 
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Table 6.23 

[n this modeJ, a concordant morpbology and OISH result was regarded as the "true positive" or "true negative" outcome 
when calculating the sensitivity and specificity of the peR. The number of false negative results was 1 in 22 and the 
number of false positive results was) in 9. 

PCR Result Morphology & DISH 
True Positive 

PCR Positive 21 
PCR Negative J 

Tot.1 22 

Se(lsi[)yily 1 - No raise (Ieomive x 100 
No true positives 

J -. ) x 100 
22 

I -0,045 x 100 

= 95.5% 

6.5 DISCUSSION 

6.5.1 AIM OF THE STUDY 

Morphology & DISH Tolal 
True Negative 

I 22 
8 10 
9 :iZ----

SpeciriciLy = 1 No false posluves x 100 
No (rue negatives 

1-0.111:\100 

88.9 % 

The morphologic criteria for the diagnosis of Chlamydial infection developed during the study (Chapter 5) can be 

confidently applied in every-day routine microscopy. Using the rigorous "combined" gold standard recommended by the 

CDC,I the morphologic criteria were shown [0 be highly specific (95.5%). The more sensitive "expanded" gold standard 

showed a similar result (96.0%). The corroboratory testing showed that careful use of these criteria in either tissue 

sections or Pap smears can be a reliable means of diagnosing Chlamydial infection in the uterine cervix. The study 

showed that discovery of a Chlamydial infection in either o(lhese types of specimen can and should be reponed to the 

physician and the patient with confidence. 

The purpose of the study was nol to investigate tbe sensitivity of the Pap smear screening method. Pap smears or 

colposcopically directed cervical biopsies are not a sensitive screening method to detect Chlamydial infection in the 

general population.i"'~r "lia 23 During the last two years of the study 22 045 Pap smears were screened and I 141 eases 

showed evidence of Chlamydia I infection (vide supra 5.4.1.1). The rate of detection was approximately 3.1%. The 

reported incidence of the infection in women in the USA is 3%? Since there is no way to know the true incidence of 

Chlamydial infection in the population that was being screened, it is nO{ possible to asses further the sensitivity of the Pap 

smear screening method for the detection of Chlamydia I infection. Tbe sensitivity calculations as applied 10 the testing of 

the criteria do not indicate a high sensitivity of the screening method per se. 

6.5.2 COMPARISON WITH OTHER STUDIES 

The high specificity of the morphologic criteria derived in this study far exceeds the apparent specificity of criteria used 

by other workers. 28 
... )I,J6.51 However, this study is the only one where strictly defined criteria have been and tested by the 

extremely sensitive DNA methods that have recently become available. Previously, corroboratory testing has been 
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restricted to culture)I)!!':? or serologic methods. 48
.
s.: Culture has been shown to be fraught with pitfalls resulting in low 

senSitlvity_:;S.J9A~.~5 Similarly, studies comparing Pap smear diagnoses with serologic detection mcthods 31 .1(1, '18-32 have also 

been limited by the relatively low sensitivities of these methods.L~0.~} These methods are no longer recommended by the 

CDC as appropriate gold standards. i Use of these relntively insensitive gold stnndards may have resulted in calculation of 

erroneously low specificity figures. 

Failure of workers and opin ion makers In the cytopathology discipline to recognise the lim itaiions of these corrobora[ory 

tests has resulted in lhe widely held notion lhal morphologic di8gnosis of Chlamydia 1 infection is not rell8ble. 3'i 

One of the rnain differences between the criteria presently proposed and criteria used by many workers invesligating the 

reJiilbility of the criteria is the ernphasis on finding Chlamydial inclusions in the appropriate cellular setting. In the 

present srudy, Chlamydial infectIon was associated with a characteristic inOammatory process and cellular changes, 

parr[cularly in metaplastic squamous cells. Thcse changes were frequently the clue thal led to a successful search of 

Chlamydial inclusions. However, these changes alone were not accepted as diagnostic, and inclusions were regarded as 

an essential component of a constellation of changes. Further, strict adherence to the criteria defining the morphology of 

the inclusions, and differenti8tion of them from LJ1flarmnatory or degenerative inclusions was necessary. Features useful 

in separating nonspecific inflammatory or degenerative vacuolar changes were derived frorn the literature and carefully 

applied. Attention to these delails required only a ['ew minutes when examining a Pap smear or cervical biopsy, and 

enilbled a reliable and confident morphologic diagnosis of Chlamydia I infec(ion. 

6.5.3 THE ROLE OF CULTURE L~ THE PRESENT STLOY 

Seven of only 13 (54%) cases that were tested were corroborated by culture. \\!hen the pitfi~lIs and shortcomings of the 

culture procedure were discussed with the submitting physicians, further testing was discontinued. The cost of th.ese tests 

and the low sensitivity were important considerations in Ihis decision. However, the majority of these physicians were 

reassured by the cullure results. The consensus of opinion was that cases showing morphologic features of Chlamydia 

trachoma/is infection should be reported as suggestive of a possible infection. One gynaecologist however, insisted that 

the changes should not be repolted jf found in smears frorT"! his patients. Accordingly, another pathologist in [he practice 

was asked to examine smears from his patients. The possible consequence of not reporting suspicion of a potentially 

significant infection was an important consideration in this decislorL This llluSlrates the need to resolve the dichotomy of 

opinlon regarding the morphologic diagnosis of Chin my dial infection 

6.5.4 TilE ROLE Of EM IN TilE rRESE.~T STUDY 

The use of EM to confirm the presence of Chlamydial organisms was not successfully used w corroborate infection in 

Pap smears because preservatton of cellular detail after methanol fixation was found to be inadequate. The method was 

particularly useful in sefecttng the positive tissue control to be used for DISH resting of tissLie sections. However, many 

tissue specimens were small biopsy fragments and the entire specimen was processed for routine histology. No reserve 

tissue was available for EM. Recovery of [issue from paraffin blocks for EM is possible but is time consuming and 
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preservation of morphology is usually not optimunl (personal observation). The EM method, nlrhough fairly specific jf 

preservatlor: is good, is not sensitive and was not app:-oprinte for corroboratory studies. 

6.5.5 Sf,Lf,( "liON OF TilE CORROIJORA.TOI1.Y 1LS1S rOI1 THE COivlfHNEO COLD S1.\NDARD 

One of the aims of thls corroJoratory study was to scI. up a reliable and supersensitive, highly specific nNA lcst for 

Chlamydial f):';A in tissue specimens. DISH is ilighly s[1ccific because it combines locatio)] of the signal with 

characteristic morphologic features.; Development ofa new signaling system ({JLS) using a platinulTl linking Jllolecule in 

the l(rea1ech Rembrandt (11(rad ig 01 SH 1
(t kit h(:ls improved the sensilivity of DISH ten-foldY-I' This met.hod was selected 

for its high specificity and sensitivity ro be one of the tests in a combined DNA gold srandard. It proved to be an 

excellent .o;\A test. 

It :Jecame clear that it \),,'as not possible 10 eSlablish the D]SH method in the Cape Town laboratory becallse of a lack of 

funding for the ~urchase of Kreatech DISH kits and suitable equlpm'¢nt. Tl'¢ most important item of ~quipmenr necessary 

W[lS il he<1ting plme that was large enough to conduct at least J 5 teStS rH;) time. The plate h(1d to be capable of m8intaining 

p:'ecise tem;Jerarures with sufficiem stored energy to I"ilpidly heat the glass slides without droppi.ng its temper8l:ure, This 

problem was solved when Krealech suggested th(lr the investigntor should conduct the D]SH testing in Amsterdam, In 

8>\change for use of their ti:leiEties, Kreatech Laboratories gulned vnlidation of their untried C'hlamydi,lI rest and obtained 

(1 positive tissue control. The investigator did perso)1(llly, illl of the work done at Kreatecll for rliis st.udy. The 

man[lgement and sraffrlt Kre<1tech Laboratories did not e,xert i!ny pressure nor attempl in ?lnyway to influence 1he outcome 

of Ihe study, 

Use of laboratory equipment, consumable reagcnls and the UHradig DISf{ kits at KrcaLech Laboratories.> proved 

invaluable to the success of the DISH ksting. Although the melhod was nOl established in Cape Town, some alterations 

to the protocol for D1SH staining of P?lP Smears \vere derived in the initial battery of les~s performed in Cape Town. 

These tests also served to idr:ntify the subbed slides best suited to the DISH protocol in rissue sections ane :0 oprimise [he 

thickness of sections used. 

Tile second DNA test selected for the combined gold s~andard was conventional PCR. The PCR method is \videly 

(lccepted Hi the literatme as both spedfic and sensil'ivc "il<'..,'/;" 1,7)U6.17.)] ?ltld is no longer rek~(lrded as ;om experiment(lJ tool 

un y. The method is used widely in routine diagnostic testing. The opporlunity 10 conduct the PCR tests in a well 

established reference laboratory circumvented lhe necessity of establishing and verifying the method in Cape Town. The 

merhodology cHid technique 'vas well est<lblished (jnd o~erational in the Goettingen laboratory. The Clbility to sequence 

the end product of the PCR and prove the specificity of the reaction"}']O WnS a particularly elegam refinement that made 

the tesl eXlremely valuable. 

The limited (1mounl of cellul?lr material in the Pa~ smear specimens led to the decision th(lt peR would not be (lttempted 

on Pap smear material. This limitation 1,.Vas not regJfded as a signifiGHlt limitation of the study The morpholog\c critcria 
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in smears and tissue sections were similar. The criteria as in tissue sections were 

the second test in the combined standard. The PCR also served to validate the DISH If there was 

concordance between the outcome DISH and PCR in tissue there was no reason to argue that 

the DISH results in smears were less valid than those in tissue sections. 

6.5.6 INTERPRETATION OFTHE DNA TEST RESULTS 

The PCR and DISH were conducted in two different laboratories. The DISH was evaluated and the 

results recorded before the second round of PCR tests was The DISH resu Its were recorded name 

and a Kreatech number. The accession number was used to 

when the PCR tests were The outcome of the DISH was blinded until al PCR tests were and 

There was very concordance of the results. The results were in accord in all three modalities in 29 of tests (p 

The 

confidence (p < 

criteria were successfully corroborated the DNA test methods with a level of 

The two DNA methods showed concordant results in 3 of 35 tests. This was as 

val idation of the Kreatech Rembrandt kit. This kit had not been verified for the detection of 

The results of the DISH method in smears could be <IN'pn'Prl as reliable. 

There was discordance in 6 of 35 TS- and four TS+. Two of the TS- and one 

showed discordance between a,lj combined DNA 

appearance. 

that these were 

incorrect based on 

controls for D1SH and peR 

One PS- showed marked that interfered with There was 

of extra-cellular in mucus streaks. one TS- with marked 

in the luminal mucin without other DNA. The of 

area with CHLT-DIG- was assessed of the control area 

HPV-DIG\. Two TS- controls 1844 and 6H 3001 showed marked 

about the nature 

showed 

in the test 

with either PLD043 or 

noise. 

The of of target from fie was 

Wilkinson 5 This author suggests that the 

unlabelled nucleic acid identical to the 

can be solved inclusion of a control in which a ten-fold excess of 

the The unlabelled nucleic acid 

competes with the 

This 

for 

does not find favour with some workers 54 

over the entirc tissue section is usually due 

that some tissues seem to be more than others and stated that use of a different 

but not the 

of the Wilkinson noted 

sequence or the 
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cases 

recommended 

alleviated the 

or 

Scott 

conditions may resolve the 

a from a different 

affected the 

at Kreatech 

revealed that the 

to an extent 

Serial sections 4 & 5 from these two cases were 

He indicated that certain sequences 

of the target gene may be necessary. Since the two TS-

such 

this was not an 

could be artifactuaL The 

repeat 

step of 

of interest 

control section 

the tests 

5H 884 was shown to be 

Ch in serial section 

with PCR showed 

and in serial section 4 

884 and resol ved this 

these 

Case 5H 1884 was shown to be a 

in the mucus streaks f the PS- smear false the smear case, the few 

could have been artifactual but could have EB. The latter was 

of the two TS- cases hel to achieve the clarification of the The was reduced in the 

second run but the apparent was still present in one of them in the second run. This TS-

was 

Positive controls DISH 

Identification of a 

as a false 

control for the DISH method 

the Kreatech Laboratories and PCR at the reference 

reference was val idated when the reaction 

DNA sequence. The untested 

6. I 

the use of corroboration DISH at 

The PCR method used in the 

criteria were chal for the first time when it became 

necessary to fi nd a 

criteria. 

tissue control for DISH. This exercise to be a one case of the 

of endocervical mucinous cells in DISH 

It was noted in the literature review that of or to tissue due to 

groups on mucins can cause groups can be with non-immune serum 

serum al bumin or foetal calf to prevent this due to 

groups present in the tissue section can be blocked 56 Use of either may have 

served to demonstrate or reduce of cases. However, the cases 

with non-Ch PLD043 did not show of that was not 

an issue. 
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of discordant results 

Failure of PCR conducted on formalin-fixed tissue to detect the target DNA can be due to 

extraction DNA from the or due to inhibition of the chain reaction traces of or wax in the 

DNA extract. The In conducts PCR on tissue daily and the standard 

to deal with these It was evident that these of the 

tested DNA was found PCR in 22 of 25 

did not arise in the 

two TS+ cases o 16C and 6H 1844 

that showed 

PCR false 

DISH were 6.1 These cases could have been 

extraction of DNA or the presence of residues. 

In the of the caused the m'Jmllm·np and HPV was This 

to cause more of a in smears. Criteria to separate the two were To validate the criteria 

from HPV the for DISH of smears included TS+ for 

HPV. The control areas in seven of the PS+ were with HPV -DIG I rather than 

the PLD043. Since confusion between and HPV effect seemed a lesser 

the for DISH in TS+ did not include this refinement. One PS+ that did not 

show DISH in the test area showed in the control area with HPV-DIGI. It 

seemed that the in this smear were due to HPV not 

The results the association between and HPV infection and also the 

the two. This observation may 

was discordant with both DISH and PCR. It is 

the occurrence of one TS-'- in which the 

also due to HPV not In retrospect, the DISH 

with HPV-DIGI. Serial sections of this case all of the 

HPV DNA in the future. 

While three PCR test resul.ts were discordant with the other two 

that seen in this TS+ case were 

for tissue sections should have included TS+ 

are stored in the archive and could be for 

one DISH test was discordant with 

and PCR. This suggests that of the two DISH is the more robust. Two of the three 

discordant PCR results were PCR that occurred in DISII confirmed TS+. It is that extraction of DNA in 

these two was residues remained in the DNA extract. 

6.5.7 FUTURE STI'DIES 

of mucin 

The strong of mucinous cells not obvious incl usions cou Id have been as 

the 

sections with non-immune 

conducted in the future. 

controls did not indicate this. False 

and/or sodium An 

can be eliminated 

with this matter should be 
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The relationship between ASCUS/CIN and 

A in smears tissue sections 

is 

cases 

This would compare cases 

HPV on the same smear or section 

may lead to criteria to assist in 

such cases would to a 

infection 

association of ASCUS and CIN with infection 

with 

and 

due to HPV and 

or ASCUS with 

Simultaneous 

causal association between 

of 

infection and HPV/CfN/cervical 

carcinoma. Some answers about the role of In and 

may be 

archive and are avai lable for 

The un-used the spare serial sections & 5 and 8 & 9) have been 

future use. 

in the 

6.6 CONCLUSION 

The criteria were corroborated in tissue sections a and sensitive exclusive 

standard. r n these the criteria showed a of 96% and of 90%. The Kreatech 

DfSH method was validated PCR at an institution. Once DISH results in smears 

were as sufficient to corroborate the 

Jt was concluded that it is to Irachomalis infection in smears and in tissue sections 

cervix uleri with a of confidence 100%. The can be made 

when the characteristic intracellular inclusions are present in squamous cells 

and reactive cellular 

6.7 

The 

STATEMENT 

for 

borne in mind when 

considerable. For this reason, a 

of the infection. It may be 

exceeds 95% but that ;>""'y",lh,w 

transm itted disease should be 

infection. The consequences of such a are 

infection should be 

to include a statement in the report that the of the 

may be one or more molecular DNA detection 

methods on a suitable for the intended test. 
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Trecan 

skill, 

7. 

ish from a Germanic root 
this to COmmlll1lCate, 

to a about a 

the many teachers who have shared their and wisdom with me. most of them 
have first and most of my teachers were my parents Aidan and Valerie. One of the 
numerous lessons my late father me was from poem If, and [ try still "to retain the common 
touch." mother continues to expect the ethical and moral standards from all of her children. 

There were many teachers my school career, some of whom were successful. maternal great uncle and 
school headmaster Geoff Lineham was one of those memorable few. Brett was another mentor and 
teacher whose lessons find daily me that with perseverance J could 
even in the attend matters also. From 

learned a sense of self to respect my wei 
all of my teachers was bson who somehow me some mathematics and 

she think, to all aspects of an issue 

Professor Robert Burns moulded medical education. He me much about the scientific 
research method and in of Scottish I I have not him this 
time. He was my greatest mentor, friend and and I miss him even The Professor Michael Gelfand 

wise the minute detail of clinical medicine. in my daily 
and [ continue to hand them down to my students. peers at me mLlch about 

life. me establish sound work and awoke a love for music in me. I learned more medicine 
and Icolm than from any other person. In return him to drive a car. 

my service as a iVledical Officer in the Rhodesian I learned many 
the most all: to comfort the bereaved and to deal with loss. 

lessons. One of those was 
dearest friends were killed 

in their because I had to. 

Genevieve Learmonth a love in me for cells and the Professor 
me in the of and he warned me to beware of over 

enthusiasm. showed me how to cut sections, to stain them and to understand the 
The technical skills I learned from her contributed this Malcolm Emms 
sections and He was also my coach when ran my rst marathon. 
revealed the secrets successful DNA in stlu He gave me the reagents for this 
work in his Amsterdam His and assistance without bias 

chain reaction and showed me the way forward. 
me an inestimable amount about the scienti fie communication. 

lowed me the latitude to do 

me to cut ultra-thin 
Hendri k Houthoff 

One col 
introduced another allowed me to teach him about I received clerical 

Medical Laboratories in the final this thesis, Janet was my 
me 

meditation, to remain calm 
solace for 

balance between work and 

dimension in BriCln me transcendental 
and to be at peace. He me to find 

Sam van I friend. 
supports me without and tries to teach me 

and has reinforced all I know abollt love. 

It with great respect that 1 remember Dirk for many years the Professor at the of 
Town. He believed in me when even I doubted. 
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Appendix A: Geographic location of hospitals and clinics, drainage areas for the study. 
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APPENDIX A 

location of and clinics, 

Atlantis: 
Westfleur Medical Westfleur Circle. 

Bellville: 

Brackenfell: 
Boulevard Medical Jeanette Street; 

Town: 
Park 

Constantia: 

Durbanville: 
Durbanville Private 

Fish Hoek: 
False Avenue; 

Gatesville: 
Gatesville Medical Hazel 

areas for the 

Goodwood: 

Mitchell's Plein: 

Voortrekker Road; 
Marious Gerber 

Mitchell's Plein Medical 

Paarl: 
Paarl 

Panorama: 
Panorama 

Pinelands: 
Vincent Pallotti Alexandra Road; 

Stellenbosch: 
Stellenbosch Cur Safraan & Rokewood 

Worcester: 
Durban 

Broad Road Medical Broad 
Darrol Brodie Street. 
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APPENDIX B 

mucinous cells did not occur and 
necessary. Graded alcohols were used to 
distortion of cells is thus minimised. 

The 

alcohol was avoided. 
contamination 

II 

was 
differential extraction of 

and 

appearance of tbe 

checks and pn.>nr;"rI on the 

or when was 
water was used for 

of rotation of less contaminated 
if discoloured or if water 

Slides were stained in racks, rpr""<>,prl in the rinses to remove excessive stain for The 
on a wad of paper 

was monitored 
were taken. 

between stains and rinses to reduce contamination of reagents. The 
and steps to maintain nuclear detail and 

Method: 
I Slides were 
2 
3 Slides were rinsed in water; 
4 Slides were blued in Lithium ",~,·h()n"I·,. 

5 
6 
7 
8 
9 
o 

II 
12 
13 
14 

Solutions and stains: 
Solutions were per or volume per volume as percentages. The of 

used in the EA-65 and OG-6 stains was based on the total content on the label of certified 
The to the percentage TDe. For if the IDe of 

OG-6 was 12.5 g were dissolved in 100 ml water. 

2 
3 
4 
5 
6 

stain was used in this method. Differential extraction Hel was not 
was reduced from 8 min. to 6 min. and over of the 

SOo was dissolved in water, made up to 1 000 ml water, to the 
The solution was removed from the heat and 2.5 g added as a agent; 
The solution was stirred until it became 
The flask was cooled in a water 
The solution was filtered and stored in dark bottle. Shelf life was months to years. 

Eosin-Alcohol 65: 
EA65 is a counter stain In 1942 and modified in 
1954 and 1960.[;8 The stain contains Green SF Yellow Bismarck Brown # 21 

acid in 95% ethanol. stock solutions A and 8 are and used to make the alcoholic 
stock solutions F and G for the of EA-65 solution. and E not mentioned are variations 
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used in modified EA-65 used for situations fi 
is this stain endocervical mucins k. 

The stock sol utions were as follows: 

I Solution A: 2% aqueous TOe 
2 Solution B: J 0% aqueous TOe Bismarck Brown 
3 Solution F: 1 % alcoholic Green: 50 ml solution A in 950 ml 95% 
4 Solution G: 0.5% alcoholic TOe Bismarck Brown: 5 ml solution B in 95 ml 95% 
5 Solution H: 0.5% Eosin Y # Eosin I 000 ml 95% ethanol. 

The EA-65 stain (I 

I 225 ml Solution F; 
2 100 ml Solution 
3 6 g 
4 450 ml solution 
5 225 ml 95% ethanol. 

was nrp'n~rpt1 as follows: 

counter stain that contains 
as below: 

I 
2 
3 

50 ml 10 % aqueous TOe G # I 
950 m195% 
0.15g acid. 

Graded alcohols: 
Graded alcohols were as 

Desired Volume of Volume or 

concentration (%) water (ml) 95 % ethanol (ml) 

50 474 526 

70 263 737 

90 52 948 

Lithium Carbonate: 

G 6 

Lithium carbonate was used as a solution. A stock solution was nrf'nlllrf'rl 

water. The solution consisted of 30 of stock solution in I 000 ml water. 

# J 

If Eosin Y # 

95% ethanol and 

1.5 g in 100 ml 
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APPENDIX C 

and Eosin stain 
is extracted from 

lV 

hot water, The 
is converted to the active satin hematein oxidation. This may 

of about four months and achieves a stable stain. 
mercuric chloride. These 

are poor. Hematein is anionic and has a poor for tissue 
but stains acidic tissue in the presence of mordant. iron or tungsten salts and 
occasional lead salts are effective mordants. The stain and mordant form a The cationic salt confers a net 

to the and allows the to bind to the anionic nuclei acids. It is usual to combine the 
mordant with the 

mordant and confers a is 
sections are over stained then differentiated in weak acid alcohol to reduce excessive is 
converted to a blue-black colour in weak alkali. Scott's water, a weak bicarbonate 

Eosin is an effective counterstain ins. This stains different cell types and 
different types of connective tissue various shades of red Eosin is a xanthene obtainable as Eosin 
Yellow Eosin # or Eosin B Eosin Y is soluble in water or alcohol and 

used in a 0.5% or I % solution in distilled water. Some differentiation of the stain results 
step in water. The addition of red to eosin, B is favoured to 
differentiation. 

Method 
1 De-wax sections in three washes of 
2 sections alcohols (I 
3 Stain in for 5 minutes 
4 Wash in 

6 Wash in water 
7 Blue in Scott's Water for I minute 
8 Wash in water for 2 minutes 
9 Counterstain with Eosin for I minute 
10 Wash in water for 30 seconds 
II alcohols 
12 
13 Mount 

Solutions and stains 
Solutions were per 

to water 

or volume per volume as percentages. 

The stain oxidized with sodium iodate and aluminium 
nrp'n",rf'ri as foll.Ows: 

1. Dissolve Jg, alum and sodium iodate d in 1000 ml distilled water, wann 
and stir, or leave over 
2. Add I g citric acid and 30 g to mixture and boil for 5 
3. Cool filter and use Store in a dark bottle and re-filter before use. 

Eosin 
Eosin Y O. J % in distilled water was used without the addition of Phloxine. 
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APPENDIX D 

Aldan blue Schiff stain for mucins 
The aldan are cationic molecules with very molecular 
electrostatic bonds with tissue that contain either 
able to combine with nucleic acid because of the 
structure of nucleic acids. Alcian blue stains acid mudns with 
permanent. Neutral mucins do not stain with alcian blue unless nrc'_!r'p~IIPri 

exposure to acid and acid. Alcian blue is 

combine with basic 
magenta. 

reaction is an indicator for the presence 
C-C bonds oxidation to form 

The formed react with 
magenta 

The alcian form 
The molecule is not 

and the coiled 
and the reaction is 

acid or esterified 
used to stain acid mucins. 

and 

In combination Alcian blue and PAS stain both acid and neutral mucins. Acid and neutral mucins are 
this method and the stain is convenient to stain all mucins 

Method 

2 
3 

De-wax sections in three washes of 
sections alcohols (I 

Stain in Alcian blue for 5 minutes 
4 Wash in water then in distilled water 
5 Stain in I % aqueous acid for 5 minutes 
6 Rinse well in distilled water 
7 Stain in Schifrs reagent for 15 minutes 
8 Wash in water for 5 to 10 minutes 
9 stain nuclei with for minute 

to 

10 Differentiate in I % acid alcohol about I or 2 seconds if necessary 
II Wash in water 
12 Blue in Scott's Water for I minute 
13 Wash in water for 30 seconds 
14 Rinse in 100% alcohol 
15 
16 Mount 

Solutions and stains 
Solutions were nrf'n"ff'rI 

Alcian Blue 
Dissolve Ig alcian blue in 100 ml 3% 

Periodic acid solution 
Dissolve I g acid in 200 ml water. 

Schiff's 
I 200 ml distilled water to 

fuchsin in the hot water 

or volume per volume 

Acetic acid. 

remove from the heat and 

2 Cool the solution to add 2 g and mix 
3 Cool to room temperature and add 2ml concentrated HCI 

water 

as percentages. 

dissolve I gofbasic 

4 Add of acti vated mix and stand in the dark at room temperature 
5 # I Whatman filler paper to a clear or solution 
6 Store in a dark container at 4°C 
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APPENDLX E 

Culture Protocol 

Culture medium: 
10% Minimal essential medium 
II 450 ml 10% 
II 50 mt foetal calfserum 
II LOml L Glutamine 
II 500 ~un Penicillin 
10 500 J.ID1 
II 500 J.Ull 

Maintenance medium: 
2% EMEM with r::BSS and 25% J.ID1 

Cell Culture Line: 
cells. 

lnoculation Proced ure: 
Use shell vial and make a 
II Make J/40 dilution of cell line 

VI 

with EBSS and 25% iJ.m 

Buffer 

75 em flask of cells. 
II lml of 1/40 dilution into a shell vial trac bottle 
II Incubate over in 5% incubator at 37°C 

Buffer 

II Pour off medium from add 40ml 10% EMEM and I ml test culture in transport medium. 
II at 4000 rpm for 60 minutes. 
10 Incubate for 2 hours in 5% at 37°C to allow culture to 
II Pour off test transport add Iml maintenance medium. 
II Incubate in 5% at 37°C for 48 hours. 

Controls: 
Run known and controls. 

Culture: 
Blind passage culture for 48 read if initial culture inconclusive. 

Detection method: 
cells in a 5ml tube at 2000 rpm for 0 minutes 

II in I ml Hanks balanced salt solution 
II and repeat 5 times to remove all serum from cultured cells 

II pour off most of the supernatant, mix culture cell sediment 
II 50mm cell sediment onto cell line slide and air 
II Fix sl ide in acetone for 15 air 
II Stain slide immuno-fluorescent ,PS & MOMP method 
II Put 50 J.!m stain onto fixed slide. 
II Incubate in moisture chamber at 37°C in 5% CO 2 for 30 minutes 
II Wash in PBS, air 
II Examine for intra-cellular fluorescent UV 

may 
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APPENDIX F 

DNA in situ Protocol for 

PRETREATMENT of PARAFFIN SECTIONS 

• de-wax in fresh 
• soak in 100% ethanol and 

PRETREATMENT of CYTOLOGY SMEARS 

• soak-off in fresh at 60°C 
• soak in 100% ethanol and 

PROTEOL YTIC TREA TMENT 

• incubate tissue sections with 350 IJI 

• discard excess 
• 

0.01 N 

smears with 350 IJI 
0.01 N 

work solution 
ethanol and 

HYBRIDIZA TION of PROBE 

vii 

Smears 

nl:::lm~fnl~~_nrnriP solution per 

• denature 

slides in TBS buffer 

WASHING 

• differentiation rp:::l,nPlnr to each ",n,:>('ilmpn 

• wash slides in TBS buffer 

DETECTION AND STAINING 

• to each 

• soak slides in TBS buffer 
• soak slides in deionized water 
• 2-3 of NBT/BCIP substrate to each ",n,..,..ilmp,n 

warmer, in the 
• off excess substrate solution and wash slides in deionized water 
• mount sections in for evaluation 

INCUBA TlON TIME 

2x10min. 
5 min. 

5 min. 

30 min. at 3rC 

5-10 min. at 3rC 

3 x 1 min. 

3 min. on 95°C 

2 hrs. at 3rC 

10 min. 

15 min. on 3rC 

3 x 1 min. 

30 min. at 3rC 

3 x 1 min. 
1 min. 
15 min. at 3rC 

3 x 1 min. 
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APPENDIX G 

Cblamydia Culture Results (Lancet Laboratories, Johannesburg) 

Patient Lab No Cyto Lab No Date Age Race Physician Result 

CH CH8344 4C 7339; 4C8163 26/08/94 28 W JD Positive 

E1vD CH2831 4C7744 29/08/94 57 W AJJB Negative' 

CM C1815 4C8486 02/09/94 36 C AJJB Positive 

MB CJ3420 4C9638 12/09/94 28 W A1JB Negative 

LA CJ5080 4C9938; 4C 11237 16/09/94 25 W KC Positive 

CB CJ8020 4C967 I 27/09094 32 W RC Negative 

MM CK5449 4C9745 20/10/94 41 C AJJB Negative 

LdT CK5448 4C9619 20/1 0/94 45 W A.lJB Negative 

ML CLI584 4CI0388 04111/94 56 C AJJB Positive 

EJ I CI.2133 4C9893 07/11/94 35 W SS Positive 

LB CL2776 4C 10795 09/1 1/94 47 C AKL Positive 

CM CL3154 4CI0791 10/11/94 31 W KC Positive 

YvZ CPI680 5CI00I 06/02/95 44 W OS Positive 

• Patient had been treated for 3 days with iv Reverin (tetracycline) for pelvic sepsis, commencing 7 days 
prior to culture specimen taken. 

I No cases cultured 14 

No positive cultures 8 57% 

No negative cultures 6 43% 
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APPENDIX H 

Extraction of DNA from Tissue Sections for peR ( www.qiagen.com ) 

QIAamp DNA Mini Kifl 

For isolation of genomic, mitochondrial, bacterial, parasite, or viral DNA 

• Rapid isolation of high-quality, read'l-to-use DNA 

• No organic extraction or alcohol precipitation 

• Consistent, high yields 

• Complete removal of contaminants and inhibitors for reliable downstream applications 

Format: 

Sample sources: 

Sample size: 

Hands-on preparation 
time (after lysis): 

Typical yield: 

Elution volume: 

Mini spin columns 

Muscle, liver, heart, brain, bone marrow, and other tissues; 
swabs (buccal, eye, nasal, pharyngeal, and others), CSF, blood, 
body fluids, washed cells from urine 

Up to 50 mg ti ssue or up to 200 ~I fluid 

20 minutes 

See table "Yields with the OIAamD DNA Mini Kit" 

50-200 ~I 

The QIAamp DNA Mini Kit is ideal for purification of DNA from most 

commonly used human tissue samples, such as muscle, liver, heart, 
and brain. 

QIAcnp Spin Collmll ProceciJre 

Principle 
OIAamp Kits simplify isolation of nucleic acids from a wide variety of 

clinical samples with fast spin-column or 96-well-plate procedures. No 
phenol-chloroform extraction is required. Nucleic acids bind specifically 
to the QIAamp silica-gel membrane while contaminants pass through. 
PCR inhibitors such as divalent cations and proteins are completely 
removed in two efficient wash steps, leaving pure nucleic acid to be 

eluted in either water or a buffer provided with the kit. QIAamp 
technology yields genomic, mitochondrial, and bacterial DNA, total 
cellular RNA, and viral nucleic acids from many sample sources ready 
to use in PCR and blotting procedures. 

No mechanical homogenization is necessary as the tissues are lysed 
enzymatically, and the convenient spin-column procedure means that 
hands-on preparation time is only 20 minutes. Samples can be 
processed using either a microcentrifuge or, if blood or other body 
fluids are being processed, using the IA ac 2 or Q!Avac 65 vacuum 
manifold. In addition, the rigorous lysis procedure employed makes the 

QIAamp DNA Mini Kit ideal for purification of genomic DNA from 
bacteria or paraSites. 

in microfuges on vacuun manifolds 

/ 

13 
I 

1 
~ 

1 Wash 

Elvie 

Purv DNA or RNA 

I 
Vacuum 
+ 

~ 
• Vacuum .. 

T 

4j 
PuRl DNA or RNA 
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Procedure 
Optimized buffers lyse samples, stabilize nucleic acids, and enhance selective nucleic acid 
adsorption to the QIAamp membrane. Alcohol is added and Iysates loaded onto the QIAamp spin 
column or 96-well plate. Wash buffers are used to remove impurities and pure, ready-to-use 
DNA or RNA is then eluted in water or low-salt buffer. The entire process requires only 20 
minutes of handling time for mini spin-column formats (lysis times differ according to the 
sample source). Processing time using high-throughput QIAamp 96 Kits is as little as 1 minute 
per sample. 

Vacuum processing 
With the QIAamp DNA Blood Mini Kit, the QIAamp DNA Mini Kit, and the QIAamp Viral RNA Mini 
Kit, blood and other body fluids can be processed by vacuum instead of centrifugation, for 
greater speed and convenience in nucleic acid purification. QIAamp mini spin columns are 
accommodated on the OIAvac 24 manifold using VacValves and VacConnectors, provided in the 
OIAamp Vac Accessory Set . VacValves should be used if sample flow rates differ significantly, in 
order to ensure consistent vacuum. Disposable VacConnectors are used to avoid any cross­
contamination. Use of VacConnectors also al lows these QIAamp spin procedures to be 
performed on OIAvac 65 with OIAvac Luer Adapters . 

Table "Yie s . teD A Mjni Kit " shows typical DNA yields obtained from various 

tissue-sample types using the QIAamp DNA Mini Kit. QIAamp sample preparation technology is 
fully licensed, allowing QIAamp purified nucleic acids to be used in any molecular assay or other 
downstream application without risk of patent infringement.* 

Yields with the QIAamp DNA Mini Kit 

Total nucleic 
Sample acids (119) * 

Blood (200 IJI) 4-12 

Buffy coat (200 IJI) 25-50 

Cells (107) 40-60 

liver (25 mg) 60-115 

Brain (25 mg) 35-60 

Lung (25 mg) 25-45 

Heart (25 mg) 15-40 

Kidney (25 mg) 40-85 

Spleen (10 mg) 25-45 

* Nucleic acids obtained without RNase treatment 
t Nucleic acids obtained with RNase treatment 

Yield 

DNA 
(119) t 

4-12 

25-50 

30-40 

10-30 

15-30 

5-10 

5-10 

15-30 

5-30 



Univ
ers

ity
 of

Cap
e Tow

n

xi 

Downstream applications 
DNA purified using the QIAamp DNA Mini Kit is sized up to 50 kb (see figure "Purified Genomic 

DNA up to 50 kb " ). DNA of this length denatures completely and has the highest amplification 

efficiency. QIAamp Kits are intended for general-purpose use in a number of diagnostic 

applications, * including: 

• Viral research 

• Bacterial research 

• Fungal research 

• Cancer research 

• Human genetic testing research 

• Paternity testing 

• Forensic analysis 

Purified Genomic DNA up to 50 kb 

- 48.5 kb 

Size distribution of DNA prepared with QIAamp 
Kits from the indicated sources (3 P9 per lane). 

* QIAamp Kits are intended as general-purpose devices. No claim or representation is intended 

for their use to identify any specific organism or for clinical use (diagnostic, prognostic, 

therapeutic, or blood banking). It is the user's responsibility to validate the performance of 
QIAamp Kits for any particular use, since the performance characteristics of these kits have not 
been validated for any specific organism. 
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APPENDIX I 

made d held d the XX 
International 

Abstract: 

lnt J 

BK 
of trachomatis in smears of the uterine cervix." 

1 
IDENTIFICA TlON BY DNA in situ HYBRIDIZATION 

OF trachomatis 
IN PAPANICOLAOU SMEARS OF THE UTERINE CERVIX 

South Africa 

but most women harbour sub-
Criteria for the 

sensitive nor cost­
effective and the sensitivities of direct immuno-fluorescence and ELISA assays are not 

correlation between and these methods is poor and has resulted in 
doubt about the of and electron 
studies have confirmed 
trachoma/is infection. 

This reports the results of in situ DNA 
commercially available kit Labs, 
demonstrated in both controls and test smears. 
characteristic vacuolar intra-cellular inclusions were 

confi dent can be 

of C. 

a 
was 

Elemental Bodies and Reticulate Bodies in 

trachoma/is infections 
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APPENDIX J 

Abstract of the presentation made during the XIV International Congress of the International Academy of 
Cytology in Amsterdam, The Netherlands in 2001. 

Abstract: 
Knight B, Janssen P, Schaapvcld R & Houthoff H. 
"Morphologic critcria for the diagnosis of Chlamydia trachoma/is infection corroborated by DNA in situ 
hybridization using the new Universal Linkage System (ULS~." 
Acta Cytol 2001,45: lSI (Suppl). 

347 

DNA IN SITU HYBRIDIZATION FOR CHLAMYDIA TRACHOMATIS USING 
THE NEW UNIVERSAL LINKAGE SYSTEM 
Bryan Knight I; Patrick Janssen 2; Roel Schaapveld 2. 

1. Anatomical pathology, University of Cape Town, South Africa; 
2. Kreatech Diagnostics, Amsterdam, the Netherlands. 

Objective: In the light of recent advances in DAN technology, corroboration of cytoJogic criteria for the 
diagnosis of Chlamydia trachomatis infection using DNA testing as a gold standard seemed appropriate. 
Method: A new method for labelling DNA probes, known as the Universal Linkage System (ULS') was 
used to demonstrate Chlamydial DNA in Papanicolaou smears. This non-enzymatic system uses a platinum 
derivative as an intermediary between the nucleic acid probe and the non-isotopic marker, digoxigenin. 
Signal was obtained using alkaline--phosphataseINBTIBCIP. Twenty five Papanicolaou smears showing 
morphologic features suggcstive of Chlamydia trachoma/is infection and ten smears that did not show these 
changes were tested. Smears were randomly assigned to four separate batches stained on four consecUlive 
days and screened blind. 
Results: Twenty three of 2S positive smears showed Chlamydia] DNA-staining within vacuoles in the 
metaplastic squamous cells. Staining was also seen in the cytoplasm of both metaplastic squamous and 
cuboidal mucinous epithelial cells. Fine granular staining of the elementary particles present in 
endocervical mucous threads was abundant. One of the 10 smears that was negative for Chlamydial 
inclusions showed some positive staining in mucous streaks and several metaplastic cells. In all of the 35 
cases tested, a demarcated area on each slide that had nOl been exposed to probe (negative control) did not 
stain. Known positive controls with each batch of slides and stained appropriately. 
Conclusion: DNA in situ hyhridization confirms that rei iable morphologic diagnosis of C. trachomatis can 
be made using Pap smears. 

Seminar XIII: Molecular Biology in Cytology: May 30: 1400 - 16.00: Oral presentation: 12 min. 
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APPENDIX K 

Abstract of the presentation made during the meeting of the American Society of Clinical Pathology held in 
Washington, DC 2002. 

Abstract: 
Knight BK, Janssen P, Schaapveld R & Schlott T. 

';Histologic diagnosis of Chlamydia trachomatis infection in the uterine cervix confirmed by two DNA 
techniques." 
Am J Clin Pathol. 2002,118: 339 -340. 

68 

HISTOLOGIC DIAGNOSIS OF CHLAMYDIA TRACHOMATfS INFECTION IN THE UTERINE 
CERVIX CONFlRMED BY TWO DNA TECHNIQUES. 
Bryan Knight, 'M Med Path (Anatl. FlAC; Patrick Janssen, 'BSc; Roel Schaapveld,' PhD; and Thilo 
Schlott, ) PhD. 

I. University of Cape Town~ Cape Town, South Africa; 
2. Kreatech Diagnostics, Amsterdam, The Netherlands; 
3 Georg-August University, Goettingen, Germany. 

Chlamydia trachoma/is infccts 3% of females in the United States and causes 40% of cases at sexually 
transmitted disease clinics. Sub-clinical in most women, infection is associated with menstrual irregularities, 
pelvic pain, infertility, risk of ectopic pregnancy, cervical intraepithelial neoplasi~ and possibly cervical 
carcinoma. Chlamydiae are unique bacteria taking two forms: elemental bodies (ESs) and reticulate bodies 
(RBs). EBs are metabolically inactive; RBs are reproductive within intraepithelial vacuoles. Variable in size, 
Chlamydial vacuoles contain eosinophilic or basophilic inclusions visible by microscopy in smears of 
exfoliated cells. Diagnosis of inclusions on Papanicolaou (Pap) smears was advocated years ago but is not 
described in the histology literature. 
We histologically examined 2,682 surgical specimens, including hysterectomies, cervical biopsies, 
polypectomies, cone biopsies and hot loop resections. Features for the recognition of Chlamydial infection in 
sections were anticipated by extrapolation of the Pap smear morphologic features. Serial sections from 20 
positive and 7 negative cases were tested for Chlamydia] DNA by in situ hybridization (DISH) and 
polymerase chain reaction (PCR). 
Chlamydial infection witb inclusions was found in 257 cases. These showed inflammation, usually 
lymphocytic with plasma cells, and sometimes neutrophils or lymphoid follicles. All showed immature 
squamous metaplasia with "reactive" nuclear changes. Intracellular Chlamydial vacuoles ranged from I IJ.m 
to 15 ).lID in size and were found in metaplastic cells. Chlamydial vacuoles showed intravacuolar inclusions 
of four types: "targetoid eosinophilic," "targetoid basophilic," "nebular" with numerous coccoid bodies, or 
"festooned" with large irregular inclusions. Using DISH, Chlamydial DNA was localized within vacuolar 
inelusions in 95% of cases (100 % specificity, 78 % senSitivity). Using PCR, Chlamydial DNA was detected 
in 80% of cases (89% specificity and 83'% sensitivity). Confirmation by both methods was possible in 75% 
of cases. 
Two independent molecular techniques confirmed histOlogic diagnoses of Chlamydia I inclusions. 
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APPENDlX L 

of tissues for Electron 
and of tissue and reagents done under fume operator 

labelled and steps recorded on 

smears 
Procedure 
I Locate cells of interest and mark tbe back of the slide a diamond 
2 Soak sl ides in off unassisted 
3 Wash in two 
4 
5 
6 
7 
8 
9 
10 
II 
12 
\3 
15 
6 
7 

18 
9 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

Post-fix with 2% osmium tetroxide 
Wash in buffer solution 

alcohols 
of acetone 

Cover the slide with a mixture 
slide to drain resin 

Cover the slide with a mixture of 
slide to drain resin 

Cover the slide with two 

to water 

for 1 hour 

oxide I: I for 15 minutes 

oxide 3: I for 15 minutes 

resin for 15 minutes each 
Fill an to the brim with in a rack 
Place the slide face down with demarcated cells on the surface of the tilled resin 
Allow the in an incubator at 70°C 

Place 
Wash 

Place 
Wash 

slide should with ease 
care not to cut the cells away while the block 

acetate solution on a sheet of dental wax 
of acetate, stain for 2 minutes 
water 

stain for 2 minutes 
water 

on paper, store section in clean 
Examine ultra-thin section in electron cells of interest. 

of tissue blocks 
Procedure 

I 
2 
3 
4 
5 
6 
7 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Fix block of tissue 2 x 2 x 4 mm in 2.5% for 2 - 4 hours at 4°C 
Wash in buffer solution over 
Store tissue in buffer solution at 4°C 
Wash in distilled water 
Post-fix with 2% osmium tetroxide 
Wash in distilled water 

for J hour at room temperature 

Stain in 0.5% acetate in 80% acetone 
Wash in 90% acetone for J 5 minutes 
Wash in 100%acetone for 30 minutes 

resin/acetone I: I for 90 minutes 
repeat once 

incubate at 70°C over 
Run cold tap water over should 
Trim the cut several semi-thin sections, slide in a 

at 60°C until evaporates 
1% Toluidine Blue onto sections 

Continue to heat until rim at the of 
wash with distilled water, blot 

Examine to locate tissue cells of interest 

of water 
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21 Trim the 
EM 
Place a 
Place 
Wash 

cut ultra-thin sections a lift from water onto side of copper 

on 
Place a 
Place 

acetate solution on a sheet of dental wax 
of acetate, stain for 2 minutes 
water 

stain for 2 minutes 

22 
23 
24 
25 
26 
27 
28 
29 
30 

Wash water 
on paper, store section in clean 

Examine ultra-thin section in electron 

stains and reagents 

2.5% 
Stock solution of25% at 4°C 

cells of interest. 

100 ml stock made up to 000 ml with 

buffer solution 
Solution A: prepare 0.2M 
Solution B: prepare 0.2M 
Mix 280 ml solution A and 720 ml solution B, mix 

Osmium tetroxide 

in 1000 ml distilled water, 
in 1000 ml distilled water, 

to 7.2, at 4°C 

buffer solution at 

Solution A: prepare stock veronal acetate buffer: mix 1 sodium barbitol with sodium acetate in 
500 ml distilled water 

Solution B: stock osmium tetroxide mix I g OsO. with 50 ml distilled water 
Solution C: 0.1 N HCI: add 8.6 ml HCI to 1000 ml distilled water 
Palades mix 12.5 ml solution A, 3 L25 ml solution B, 12.5 ml solution C & 6.25 ml distilled water, 

at 4°C 

resin 
Add the bottle resin and the vial of accelerator in to the bottle of 

Lead Nitrate 

acetate in u 
acetate in an 

Store Lead Nitrate at 4°C 
I ml lead nitrate in an 

water, store in a dark bottle at 4°C 
at 5000 rpm for 15 minutes 

at 5000 rpm for 15 minutes 

mix store at -20°C 

to use. 

to use. 




