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Abstract 

Pauline Hall. of Anatomical Pathologi, Department of 

Clinical Laboratory Sciences, Faculty of Health Sciences, UCT. 

Tuberculosis is an important 
Africa with an annual In recent 

number of (including 
on the identification of acid/alcohol fast 

numbers of 
an exuberant granulomatous response, for these bacilli can 

The auramine rhodamine (AR) stain is a staining 
mycobacteria in cytological preparations (unprocessed 

successfully applied embedded sec:tlOrlS in the 
stain is used in cytology and of it 

"" .... 't'::. .. 'n when blue 

of develop a I based on 
mycobacteria in paraffin embedded tissue 

and to compare the of this 'new' in with two of the most widely stains for 
identification of tuberculosis in processed namely the (ZN) and 

auramine rhodamine (AR) stains, with specific to (I) the ease of interpretation, (ii) 
safety of the methods and (iii) cost of the methods and 

equipment. 

stain 
was modified 

component that 

.... nr' .... "" in mycotJac:terla 
its staining 

fluorescence was 

Comparison of the modified stain with the AR ZN stains showed the time 
to identify mycobacteria was significantly when using the two fluorescent 
than with ZN modified was the most difficult to 

abundant background but proved to to 
the three methods. It however the expensive with 

but likely to be the least with to 
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Chapter 1 Introduction 

1.1 A Brief Introduction to Tuberculosis 

is by the organism Mycobacterium 

within family 

types mycobacteria 

mammals. 

rrOI"\r!lTO~ such as 

group 

and the 

may subdivided 

Ax (3). 

Mycobacterium, which is single 

(1). There are many 

SOE~CIEIS from 

exist, 

and amphibians; the group disease the 

, .. " ...... "' ..... in a broad of mammals, but predominantly seen 

The Mycobacterium (M.tuberculosis) 

into 3 major types, A, and C; into 2 

caused by mycobacterial may divided 

tuberculosis, non-tuberculous other 

tuberculosis (MOTT's», leprosy. Tuberculosis pulmonary (limited to lungs) 

or (systemic), where it may involve other Arf"'I'!:In notably 

Iympho-reticular, norllTA_ and systems. It is vo ... .,"" ..... by 

Mycobacterium complex (M. M.bovis, M.africanum, and 

M.microti). Non-tuberculous mycobacteria are opportunistic pathogens occur 

with underlying or immunosuppression (including acquired immune 

deficiency sundrome (AIDS». M.avium complex (M.avium and 

are most common causes non-tuberculous mycobacterial diseases 

humans. ,on,,-,,,,,,, is of leprosy, an infection the skin, mucous 

nerves (4). 

3 
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The Current Global Picture 

Tuberculosis is currently an enormous global health problem. In the 2000, as the 

world looked out on the new millennium, it was estimated that one third of the 

population was with (5). The thought is staggering, but to put this in 

the World Health (WHO) estimated that in that there were 8.3 

million new cases and an estimated 1 million deaths due to 

The of the is """ririe" by predominantly in 

and South whilst, in contrast, tuberculosis case rates are 

low in 'developed' countries such as Western and North (8). 

1.1.1 'Developed' Countries 

In spite the AI pandemic, the last decade has seen a steady in the of 

tuberculosis cases in the majority of industrialised countries including western and central 

North and South America Middle (9). main reasons this are: 

improved living conditions, lack of poverty, good prevention programs access 

(supervised) treatment. 

It has stated that even in industrialised the majority of tuberculosis cases 

occur in foreign-born individuals and in marginalized populations, including the 

drug and people with HIV infection or AIDS (8). 

notable are countries belonging to the former Union, were 

there been economic of provision and breakdown TB 

control programs the fall of the Berlin wall in 1991. a marked 

in general standard of living rising unemployment 10). Tuberculosis 

4 
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poverty. 

the number of HIV/AIDS cases in all of 

advent highly active therapy 

hit by 

(11 ). 

had a 

pandemic 

on HIV positive It has been shown that patients receiving 

HAART are not as immunocompromised as their counterparts receiving 

Patients on HAART have proven to susceptible to 

\.lUlU.:>,,, {1 

advent of 

syndrome (IRIS) has 

exuberant response to 

1.1 'Developing' Countries 

a condition immune reconstitution inflammatory 

A significant number of IRIS cases are as a result an 

tuberculosis (1 7). 

'Developing' countries have borne the brunt of both the TB and HIV/AIDS pandemics. In 

Africa the cases (6), 

the HIV and poor public health infrastructure. Thirty-one of all new 

cases in ults (aged 15-49 in Africa are attributable to HIV infection and co-

infection rates in 8 African In South 

estimated 

Unlike 

were 2 million (6). 

million HIV-positive adults worldwide are in sub-Saharan 

HIV 

million of the 

(18). 

through 

sex sharing when using drugs, 

transmission in developing world is primarily through heterosexual sex. The WHO 

estimates that of cases worldwide are transmitted heterosexual through 

or by 1 

(1 19) 

5 
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It is clear that of tuberculosis in Africa is closely linked the control of HIV and 

AIDS (8, 21), and attaining control two has topic of 

solution obviously lies in the giving to the developing world that which 

world improved living conditions, lack of good 

prevention programs, access to adequate (supervised) treatment of both diseases 

form of directly observed (DOT) and highly active anti-retroviral treatment 

(HAART), as well as changing the of the All this to be 

achieved in countries with large populations, poor infrastructure few 

resources (18). 

astutely that only is the of tuberculosis on the Davies et al. 

globally, but is to continue on upward trend over the decade. three 

reasons for this. Firstly, tuberculosis is prevalent in those areas which are currently 

experiencing highest population growth, in particular, Central Africa South 

these same areas are a increase in HIV infection Thirdly, 

as AIDS economically population, we are likely see 

an increase in poverty in regions. overcrowding and poor living conditions 

favour spread tuberculosis - disease risk will be compounded (22). In July 1996, 

it was by WHO that Africa had approximately 350 cases 

tuberculosis 100,000 population, the in the world 24). 

1.2 Detection Methods for Identifying Mycobacteria (including M. tuberculosis) 

The diagnosis of tuberculosis on the identification of 

taken an infected patient. Various methods are used to 

three broad categories: microscopy and 

6 

mycobacterium in 

this 

methods (9, 25-27). 

fall 
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culture the incubation material from the in an 

medium followed by a 

available from solid 

automated radiometric, and non-radiometric 

(more so than 

identification. Various 

to 

methods are 

techniques 

(27, 28). Culture is highly 

It however, a requires a 

significant amount of time as mycobacteria are slow-growing difficult to culture. to 

are required for a definitive 29). 

use of liquid media turn-around but 

10 14 (30). High-performance liquid chromatography is a technique in 

within a few hours ). A major which can 

that sensitivity 

organism is 

performed determine which 

(or to (30). 

The identification technique, microscopy, takes many forms but can be divided into 

performed on fresh preparations in form imprints and cut 

",,.,..,-,,,on tissue, or performed on tissue that been fixed in a 

fixative medium and "'V'.n."_.'" in a support medium allowing sec:tlorls 

are routinely in microbiology and cytology laboratories for 

mycobacteria are usually sputum bronchial 

brushings, or preparations. specimens are either air-dried or 

with an alcohol fixative (e.g. Cytofix). are the widely used for 

identification mycobacteria as they a rapid diagnosis (an answer can be 

given in a of minutes), are Vv!;;;;;;:I;;:I, require very little equipment are 

The is although they good specificity, 

is low. Studies shown that only up 50% of pulmonary and 

7 
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extrapulmonary tuberculosis cases are on smear preparations, using the 

(ZN) Various have been in an 

sensitivity, the only stains have found their in 

routine are 

O/Kuper fluorochrome stains) (25, 

In Pathology laboratories the majority of specimens are received in a 

such as are then taken through a 

ultimately thin ... ""' .... n to be 

and examination. The is the haematoxylin and eosin stain 

(H&E). are not identifiable on sections, therefore. when ..... UI'V.;;> • .;;> is 

special stains are applied, most widely used 

44). of formalin fixed/wax embedded 

the ZN stain 

tissue specimens are: 

are not as infectious as 

specificity with certain 

preparations as the formalin is bactericidal. 

(such as the method) high 

blocks and can indefinitely. 

It Multiple, near identical sections can cut from a wax block 

It Multiple can be to 

can for molecular studies 47). 

The disadvantages are: 

cutting and staining usually take a minimum six hours. 

It The sensitivity low and the process searching mycobacteria is laborious and 

consuming (29, 46). 

8 
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are as an 

they are only 

submitted for (usually as part of a study). 

some 

when fresh 

take the form of 

is 

sections and smear or imprint preparations. Smear and imprint preparations are identical 

to those used in cytology. sections (histologic cut from snap frozen tissue) 

the advantage allowing for a rapid diagnosis, but use is dissuaded 

of diagnostic as is a 

"r""-7<'on sections for 

laboratories. 

which is a 

of TB bacilli is 

The use of 

to experimental 

third group of identification prClceSSE~S to be elaborated is 

are becoming more in the identification of 

caused take 

(28, 48). Numerous 

identifying mycobacteria in both 

d settings (37, 49-57). peR in 

restriction enzyme 

proven the worth of 

processed tissue in experimental 

has been applied widely 

techniques. 

and 

in 

routine 

been 

effective in identifying 

sections (33,47, 

in fresh tissue, air-dried smears and 

genomic mutations that can 

as 

is currently being aimed 

drug resistance and (28, 31, 57, 63, 64).Molecular methods 

are very however false positives are a significant problem, 

contamination, particularly in laboratories with a high number 

cases. drops markedly when ClUI,JII<:;'U non-respiratory 

9 
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50). techniques require personnel and equipment thus limiting 

use research or laboratories 27). 

Taking account the of that done in 

methods the identification of TB, DNA chip-based hybridization will 

be available in the near (58). 

Novel diagnostic in recent include 

interferon tests (48). Mycobacteriophage use a technique 

whereby clinical are incubated in a solution containing a 

phage (virus). A viricidal is then eliminate This 

ensures that only the that have mycobacteria present in the sample will 

survive. The is then onto a dish evenly with a 'lawn' of 

laboratory grown, rapidly proliferating mycobacteria. This is then incubated for L .... ·-.... U 

hours. If mycobacteria were in then the will 

kill mycobacterial 'lawn' resulting in a patchy appearance growth on the petri 

dish (65). 

interferon is an in vitro test the circulating mononuclear 

purified protein derivatives of M. tuberculosis (48), This test distinguish 

infection and is of little use in a population with a high incidence 

tuberculosis. 

individuals. 

test also work satisfactorily in immunocompromised 

Antibody although promiSing. have performed well in clinical trials 

nrn',,<.>n to be little use. 

10 
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Many infectious require the application 

examination with conventional light or 

special stains to make them visible on 

microscopy (66). A number of stains 

have been for the identification Mycobacterium and are 

u'ovu • .,"' ..... u below: 

1 ZiehpNeelsen (ZN) 

In 1 a professor bacteriology from 

for the identification mycobacteria that 

Germany, Franz 

use of the 

described a 

tubercle 

to retain 

fuchsin as a detergent 

acid alcohol. 

the red basic fuchsin 

charged groups within bacilli. The mycolic (amongst other 

components) present a n!:lrrlo.r the elution of the by strong acid 

or decolourise the a blue counter 

bind to 

wall 

as 

This was published in a handbook of staining methods the following by 

Friedrich Karl Adolf Neelsen, a pathologist (68). past century 

been widely used stain for the of 

44). in 

is highly specific is easy to perform and interpret 

proven reliable and reproducible results (38). It is a stain and can 

performed in a rudimentary laboratory. 

the are: it use highly toxic 

phenol second Iy has a low 33,70). 

11 
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method little over The in 

1 and (EZ) 

In 1 Ellis and Zabrowarny modified fuchsin stain Journal 

Clinical Pathology (69). This method excluded the highly toxic substance phenol. In 

in 

a basic fuchsin solution is in combination with a lipidophilic agent (such as 

High 

mycolic acids 

to overcome the by the 

mycobacterial wall. 

are identical those of stain in results 

mycobacteria against a light blue background. 

stain proved specific mycobacteria, studies yet to be done to 

A CO(V'Ii""I is that lipidophilic is more 

expensive than phenol, making stain marginally more expensive the ZN. 

1 Stains 

auramine rhodamine fluorochrome was first rio<:'''' ... , .... ,ori in 1960 by 

May (71). then, it has found its niche in examination of sputum smears (34-36, 

38-45, 72). It proven to 

(40,41, but a 

more sensitive for detecting mycobacteria than 

that low 

ZN stain 

to an 

increased number of false positive tests 42, 43, 72). It for this reason that the 

WHO recommends that cases labelled as positive for mycobacteria on an AR stain 

have with a (73). 

12 
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rhodamine method applied paraffin 

in the (74). 

The method in this may be found Appendix 

1 Papanicolaou (Pap) 

";or.l"'no Nicholas as the modern cytology, described a stain 

use in smears in 1 which was subsequently modified by 1954 

and in 1960 In collaboration Dr. Herbert Traut from department 

and Gynaecology at ........... ,...." Medical in New York City, this 

technique a for of genital 

conclusions were published in 1 the famous monograph, 

by the Smear (77). This diagnostic procedure was named the and 

has support acclaim as a screening method detection 

pre-malignant and malignant the cervix and lower female tract. 

In 1 Kupper et al the induction of in mycobacteria, in I'\lT' .... ln'~\I 

smears stained the Pap (78). A study by Wright performed 

University of Witwatersrand confirmed finding (79). No have 

why induces in mycobacteria same 

of seen in 

The is three namely: haematoxylin (which 

(composed the yellow dye that orange 

nuclei blue), 

phosphotungstic 

acid) and red-pink cytoplasmic stain the 

highlights lightly stains the cytoplasm, allowing 

13 
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single overlapping to be (75, 80, ). Two forms of haematoxylin are 

commonly (as originally by himself} and 

'OG' is for the 'G' is yellow and '-6' 

the concentration phosphotungstic acid. 

forms of EA have been , namely 36, EA 65. 

is the given to combination eosin V, light 

brown V phosphotungstic acid, while the numerical values 

is not an 

yellowish, 

different 

proportions these Eosin is derived from the Greek for dawn and a 

that cytoplasm, nucleoli, cilia red blood for yellow. Light 

cytoplasmic counterstain and 'SF' is for 

meaning dye. brown a yellow-brown counterstain has 

of little additional benefit to the Pap It and has the added problem 

of phosphotungstic acid precipitate thereby shortening the of 

It is for reasons that it increasingly being left of Pap stains (80,82). 

The methods used in this study may be found in Appendix 

1 Other Stains 

Other stains been developed for identifying mycobacteria include: 

.. Kinyoun (45, 83, 84) 

• stain 

• Silver-methenamine (36) 

• fluorescent Acridine Orange stain (39,86). 

The only one of 

the Acridine 

has found widespread ac(:epl[a in routine ...."".',., ... work 

stain is used as a substitute for AR stain. 

14 
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1.2.6 Immunohistochemical and Immunofluorescent Methods 

A number of monoclonal and polyclonal antibodies to antigens expressed on the cell wall 

of mycobacteria have been developed and are commercially available. Some react with 

several mycobacterial species, whilst others are species specific (e.g. NCL-MTSS and 

NCL-MT available from Novocastra Laboratories Ltd.). These stains have been applied to 

fresh smears, frozen sections and processed tissue sections with both avidin-biotin and 

fluorophore labels, but with limited success. They have not been widely used in the 

diagnosis of mycobacterial infections (48). 

1.3 The Cost of Investigations 

There is marked disparity in the funds available for health care in developed and 

developing countries and yet, as highlighted in section 1.3.2, the brunt of both the TS and 

HIV/AIDS pandemics are borne by the developing world. The diagnosis of tuberculosis 

rests on the identification of mycobacteria in samples taken from infected individuals. 

Culture is the most sensitive and specific method for achieving this, but it is costly and 

time-consuming. Over the years, examining sputum smears with the ZN stain has proven 

to be cheap and easy to use, even in developing countries, but its low sensitivity is a major 

drawback (33).ln support of this, a study performed in the Nairobi City Council Chest Clinic 

in Kenya, compared the efficiency and cost-effectiveness of the ZN and AR methods. 

Using the two staining methods, they detected 92% of culture-positive cases. Not 

surprisingly, the AR proved more sensitive than the ZN (P < 0.001), and the cost was 

lower at 40.30 US dollars for AR compared to 57.70 US dollars for the ZN (87).The more 

modern techniques such as the molecular technologies (e.g. PCR) and tile more novel 

methods sucl1 as Mycobacteriophage assays are sensitive, specific and fast, but they are 

expensive and require expertise not available in the third world setting (59, 63). The 

search is on for a simple, cheap technique that can easily be applied in underdeveloped 

15 
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countries at a clinic level that is sensitive enough to be used as a screening test, but 

specific enough to render a definitive diagnosis with few false positives. 

As stated above in section 1.2.4 (pg 13), The Pap stain is a cheap, widely available stain 

that has been shown to induce fluorescence in mycobacteria in cytological preparations. 

This study was undertaken in an attempt to produce a fluorescent mycobacterial stain for 

processed tissue, using as its base the Pap stain. 

16 
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hapter 2 Development of the Modified Pap: Aims, M 

Methods and Results 

This study was approved by the Human 

University of Cape Town. 

1. To a novel 

Committee, Groote Schuur 

in formalin 

as a 

I 

the results of this 'new' 

identification of tuberculosis in 

with of the most widely used stains for 

namely Zieh~Neelsen (ZN) 

auramine rhodamine (AR) stains, with SDE~CITIC 

.. ease of interpretation reflected by the 

• 

Testing 

"''-''''''-T\I of the staining methods 

staining methods and 

as 

stain 

that follow are 

influenced the design of 

identify the organism 

the of 

AIM: To the M.tuberculosis bacilli fluoresce under blue light on a 

stained slide of DrCice:SSE~a 

MATERIAL AND M Two """', ... , .. " control cases and a 

was taken from the 

17 

case were 
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Anatomical Pathology, Department of Laboratory Medicine, University of Cape Town, 

whilst the other was processed tissue taken from a rabbit that had been infected with 

M.tuberculosis (referred to hereafter as human control (HC) and rabbit control (RC)).The 

HC was a section of colon from a patient who had culture proven pulmonary and 

gastrointestinal tuberculosis on and was selected as there was abundant tissue available. 

The RC was subcutaneous tissue taken from a rabbit inoculated with M.tuberculosis. Both 

positive controls contained numerous acid-fast bacilli when stained with a ZN stain, 

allowing bacilli to be readily identified. The negative control (NC) was tissue taken from a 

non-infective surgical case. This was a section of myometrium taken from a 

leiomyomatous uterus. 

These three blocks had been fixed in formalin, processed in the standard fashion and 

embedded in paraffin wax. Sections were cut on a standard microtome to a thickness of 3-

4 microns. These were then stained with a conventional Pap stain, an AR stain, a ZN stain 

and a haematoxylin and eosin (H&E) stain. Unstained sections of all three cases were also 

produced. (The methods for the Pap, ZN an AR stains may be found in Appendices 2, 3 

and 4 respectively). 

All stained and unstained sections were then examined under blue light (400nm) using a 

Zeiss Axioscope binocular fluorescent microscope. The ZN, Pap, H&E stained and 

unstained sections were examined using conventional (bright field) light microscopy on a 

Zeiss Axioscope binocular microscope. 

RESULTS: 

• TB bacilli were readily identified on all sections of the two positive cases stained with 

the two "fluorescent stains (Pap and AR), fluorescing yellow-green on the Pap stain 

18 
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(Fig. 2.1) and bright golden-yellow against a dark background on the AR stain (Fig. 

2.2). 

Fig 2.1 Mycobacterium tuberculosis bacilli on a smear preparation as seen under blue fluorescent 
light after staining with a Papanicolaou stain. A) Medium power (200x); 8) Oil emersion (1 OOOx) 
True-colour images. 

Fig 2.2 Mycobacterium tuberculosis bacilli in a 
processed tissue section as seen under blue 
fluorescent light after staining with an auramine 
rhodamine stain. Medium power (200x) 

Fig 2.3 Mycobacterium tuberculosis bacilli 
(bottom right) with associated elastin fibres 
(centre) and red blood cells (top left) on a 
modified Papanicolaou stain. Seen at medium 
power (200x). True-colour image. 

• The Pap stain induced a moderate degree of fluorescence in the background tissue, 

with red blood cells and elastin fibers fluorescing brightly (Figs. 2.3 and 2.4). This made 

identification of the bacilli more difficult than on the AR stained sections in which the 

background did not fluoresce or fluoresced only weakly. 

19 
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• No bacilli were identified on the Pap stained sections of the two positive control cases 

when they were examined using conventional light microscopy. 

• Bacilli were easily identified on the ZN stain of the two positive control cases using 

bright-field microscopy, appearing red against a light blue background (Fig . 2.5). No 

fluorescence was induced under blue light. 

• No bacilli were seen on the H&E stained sections on bright-field microscopy, but bacilli 

were noted when the positive control cases were examined under fluorescence . There 

was, however, marked background staining that made identification of the bacilli very 

difficult. 

• No bacilli were identified on the unstained sections by either fluorescent or bright-field 

microscopy. 

• No bacilli were found on the sections of the negative control case. 

Fig 2.4 Elastin fibres on a Papanicolaou stain . 
Medium power (200x) . True-colour image. 

Fig 2.5 Mycobacterium tuberculosis bacilli as 
seen on a Ziehl Neelsen stain. High power 
(400x). 

CONCLUSION: The Pap stain does induce fluorescence in M.tuberculosis bacilli In 

processed tissue sections. 

20 
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In view of finding, all AR, and modified in the 

that 

ZN 

with microscopy under blue fluorescent and all 

were using conventional light microscopy. 

2.3 the Various Pap Methods 

Having shown that stain did induce fluorescence in bacilli, knowing 

was: 

a 

of va the question all 

staining induce fluorescence in TB bacilli? To answer this, following 

study was undertaken: 

AIM: whether of the stain 

Bismark brown, the similar 

<.>rn,-"rwc brown the third using Gill's haematoxylin and 

signal M.tubercu/osis bacilli in of prc,ceSSE~a .0,.,"' .... ,'-' 

first using Harris' 

excluding 

a 

MATERIAL AND METHOD: <-,r:;<,LlU. were again from the same three r-nr\t' .. n cases 

with variations Pap (see Appendix 2 methods). In 

and NC) addition an ZN were also on three cases (HC, 

first as positive controls and 

examined brightness of 

noted on the stained 

RESULTS: 

bacilli were 

.. were all 

Pap was 

third as negative controls. All stained were 

TB bacilli amount background staining were 

in stained 

the two nn''''T'' 

difference either 
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the of background staining. The moderately and 

fluoresced k .... "' ...... +h 

• No were found in the from the control. 

CONCLUSION: All three Tr""T,,",,"" of induced a 

in the cases with of 

stains. The methods 2 and 3 were chosen for the of the study for the following 

reasons: 

• Bismark nrn,Uln no on the inducing of 

" Method 2 could broken down into its various components as the were 

prepared in laboratory and not bought as ready-mixed solutions as 

" The solutions of method 3 were readily easy to 

shelf-life and were consistent to batch. 

Testing the Components of the 

was which I"r"Ttnnn,,,,ni' the 

In determine this, following study was performed: 

AIM: To determine which component of stain induced 

MATERIAL AND 

control blocks (He, 

• section 

For this phase the study 

and NC) and were as follows: 

were cut from 

a long 
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• Harris's haematoxylin (HH) 

• HH with differentiation 

• HH with differentiation and 'blueing' 

• Orange G (OG) 6 

• Eosin A (EA) 50 

• Conventional Pap 

The brightness of the staining/fluorescent signal of the bacilli and background were scored 

using a four tiered scoring system listed in Table 2.1 . 

Table 2.1 Scoring system used to indicate intensity of stain/signal 

Intensity of stain/signal Score 
No stain/signal -
Weak + 
Moderate intensity ++ 
Strong +++ 

The method can be found in Appendix 5. 

RESULTS: 

Table 2.2 Results of the staining pattern induced by the components of the Pap 
stain 

Human control (HC) Rabbit control (RC) Negative control (NC) 
TB Bg TB Bg TB Bq 

ZN +++ - +++ - - -
AR +++ - +++ - - -
Unstained - + - + - + 
HH - + - + - + 
HH with differentiation - ++ - ++ - ++ 
HH with 'blueing' - + - + - + 
OG6 - + - + - + 
EA50 + +++ + +++ - +++ 
Pap + + + + - + 

.. 
TB = TB baCilli; Bg= Background 

The main findings were as follows: 
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• Bacilli were readily identifiable in the AR, Pap and ZN stained sections from all 

positive control cases (HC and RC) 

• No bacilli were noted in any of the negative control sections (NC) 

• EA 50 was the only component of the Pap to induce fluorescence in the bacilli 

(Fig.2.7) in sections from HC and RC. This signal was weak (+) and comparable to 

that of the Pap stained sections. 

• EA 50 induced marked fluorescence in the background (Fig. 2.8), making the bacilli 

difficult to identify. The structures that fluoresced strongly included red blood cells, 

elastin, collagen, cell nuclei, cell membranes and intracytoplasmic 

structures/granules. 

• Weak to moderate background fluorescence was induced by HH, particularly once it 

had undergone differentiation. 

Fig 2.7 Mycobacterium tuberculosis bacilli 
(circle) in an EA 50 stained section. High power 
(400x). Monochrome image. 

Fig 2.8 Background fluorescence on an EA 50 
stained section. Medium power (200x). True­
colour image. 

CONCLUSION: The component in the Pap stain responsible for inducing fluorescence in 

TB bacilli is EA 50. 

24 



Univ
ers

ity
 of

 C
ap

e T
ow

n

the Components of 50 

The next was which the EA components 

components EA 50 are as follows: 

.. 

.. Light 

.. Phosphotungstic acid 

• <;en .. ,,,,,v acid 

• Alcohol and methanol 

The following study was 

To determine which component(s) of 

MATERIAL AND METHOD: 

with following 

• ZN, and AR as ...... nn',. .. ,.... stains 

50 components as 

induced 

three cases (HC, 

IUU'~GU the 

bacilli. 

NC) were C::T!:llnc.,., 

rrtC,Tnr".., for staining with individual components may be found in Appendix 6 

in 

weakly 

50 

staining by Y and light 

CONCLUSION: Eosin Y is component of EA 

stained with Y, but 

was 

with any of 

background 

bacilli. 
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2.6 Modifying the Pap 

To a that with ARor 

background dampened. At this point, as all 

Pap had worked equally well in inducing fluorescence in bacilli, it was 

decided use the commercially ready reagents for all as 

this would save on 

2.6.1 Recombining the Pap Components 

Knowing that Y induced fluorescence in the bacilli but ~ .... ~I"r,rI background 

question was which reduced 

background The following was performed in an attempt to answer this. 

AIM: To which component Pap stain ael:;re:aSE~a the background 

65. 

MATERIAL AND METHOD: Sections three cases RC and NC) were stained 

with the following 

Pap as 

haematoxylin (GH). OG 6 and 65 as control for comparison the 

background staining 

l1li combined with 

combined 6 

II brightness of staining/fluorescent signal of the bacilli and background were 

using a four scoring system in Table 2.1. 

for Pap 7. 
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RESULTS: 

Table 2.3 Staining profile of the recombined Pap components 

HC RC NC 
TB Bg TB Bg TB Bg 

ZN +++ - +++ - - -
AR +++ - +++ - - -
Pap + + + + - + 
GH - + - + - + 
OG6 - + - + - + 
EA65 + +++ + +++ - +++ 
EA 65 and OG 6 ++ ++ +++ +++ - +++ 
EA 65 and GH ++ + ++ + - + 

.. 
TB = TB bacilli; Bg = Background 

The main findings (as listed in Table 2.3) were: 

• Both the bacilli and the background fluoresced moderately (++) to strongly (+++) when 

EA 65 was combined with OG 6. 

• The bacilli fluoresced moderately (++) when EA 65 was combined with GH (Fig. 2.9) 

and there was a marked reduction in the background staining (Fig.2.1 0) . 

Fig 2.9 Mycobacterium tuberculosis bacilli (circles) in sections stained with a combination of EA 65 
and Gill's haematoxylin. A) High power (1 OOOx) and B) Medium power (400x). Monochrome images. 
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Fig 2.10 Background fluorescence in sections stained with A) EA 65 only; and B) both EA 65 and 
Gill's haematoxylin. Medium power (200x). Monochrome images. 

CONCLUSION: GH was the reagent responsible for the reduction in the background 

staining when recombined with EA 65. 

2.6.2 Increasing the exposure to EA 

The first step in the modification of the Pap stain was to determine the effect of an 

increased exposure to EA 65. The following study was performed: 

AIM: To determine whether lengthening the exposure time to EA 65 increased the 

fluorescent signal of the TB bacilli and/or background. 

MATERIAL AND METHOD: Sections of the three cases (HC, RC and NC) were stained 

with the following stains: 

• lN, Pap and AR as control stains for TB bacilli 

• EA 65 as control stains for comparison of the background staining 

• Pap stain with the exposure time to all reagents doubled. 

• Pap stain with the exposure time to EA 65 doubled . 
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• The brightness of the staining/fluorescent signal of th e bacilli and background were 

scored using a four tiered scoring system listed in Table 2.1. 

The method followed appears in Appendix 8. 

RESULTS: 

The main results appear in Table 2.4 below: 

Table 2.4 Results of lengthening the exposure time to E A65 

EA 65 control + +++ + +++ 
Pap stain with 
exposure time to all +++ ++ +++ ++ 
rea ents doubled 
Pap stain with 
exposure time to +++ + +++ + 
EA 65 doubled 
TB = TB bacilli; Bg = Background 

Figure 2.11 shows the increased positivity for bacilli when 

doubled. 

Fig 2.11 Mycobacterium tuberculosis bacilli 
(circles) in a section stained with a Pap stain 
with double exposure to EA 65. High power 
(400x). Monochrome image. 
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CONCLUSION: Doubling the exposure time to EA 65 increased the fluorescent signal of 

the TB bacilli and decreased the background fluorescence. 

2.6.3 Quenching the Background Fluorescence 

Fluorescence can be quenched in one of two ways: by staining with a blue dye (88), or by 

the addition of heavy metals (89-93). The addition of a weak solution (0.5% aqueous) of 

toluidine blue is a good example of the former, whilst sodium borohydride, mercury and 

osmium tetroxide are examples of the latter. Both these techniques were applied to the 

Pap stain in an attempt to decrease the background fluorescence. 

The following two studies were performed in an attempt to use the above two methods to 

quench the background fluorescence: 

2.6.3.1 'Blueing' the Pap 

AIM: To determine whether the blue dyes methylene blue and toluidine blue would quench 

the background fluorescence. 

MATERIAL AND METHOD: Sections were cut from CH, CR and NC, and stained as 

follows: 

• Control Pap, AR and ZN stained sections 

• Pap stain with the addition of methylene blue counterstain (as used in the ZN stain) 

• Pap stain with 0.5 % toluidine blue counterstain. 

(The methods followed appear in Appendix 9) 

RESULTS: The results were disappointing in that, although there was a marked decrease 

in the background fluorescence on the two Pap stains to which blue counterstains had 

been added, the signal from the TB bacilli was also completely quenched. 

30 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CONCLUSION: blue dyes methylene blue and toluidine 

completely 

of 

signal from 

2.6.3.2 The Addition of Heavy Metals 

As stated in observations in "''''"''TO''' red blood 

that can 

an attempt was 

background 

In the study 

combining an elastin van Gieson (EVG) 

positive 

of elastin 

of the should in theory quench emissions for 

AIM: To 

quench 

whether 

from elastin. 

of 

quench the background 

bacilli, making 

and elastin fibres are the 

bacilli and cause a 

Pap stain, as 

MATERIAL AND METHOD: following stains were performed on the control 

cases: 

ARand 

.. Combination EVG/Pap 

The used may found in Appendix 9. 

The elastin on 

producing an almost background, but was also a reduction in 

number of bacilli seen on sections from HC and RC cases when to the 

Pap, AR ZN stained CO,I"1"11'"'\ 

CONCLUSION: Adding the 

but also dampened the Signal from resulting in a reliable stain. 
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Etching with Acid Alcohol 

Acid alcohol (AA) is a potent bleaching (82). bacilli are acid-alcohol 

name acid (alcohol) fast is a property exploited by 

In the study that follows an to use this property 

of the bacilli from by 

AIM: the effect of withAA 

• 

.. 

.. 

The following stains were performed on the three control cases: 

control ZN and AR stained sections 

of each of the following 

stain with double exposure time to 

with 2 

with 4 min 

but with 4 min exposure to EA 65) 

were 

listed in Appendix 8 Technique 

in Appendix 7 

time fo r the preced i ng 

sections was then exposed to 1 % AA for the following time 

periods: 

lit 20 min 

II 5 min 

lit 2 min 

• 1 

.. 10 

" No 

for protocol) 
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brightness of staining/fluorescent of were 

a four 

C;""JIL~"" are listed in 

findings were: 

below. 

., There was marked reduction in 

with little 

10 

were not visible on any se(;tIO 

were weakly on the 

in 1. 

in sections eXIJQ::>eu to 

min those for only 

IJv,nJu to AA for longer than 2min. 

"',..,., ........ ex[)o~;eu to AA for 2 min or 

of stain made little 

CONCLUSION: 

bacilli. 

bacilli. 

addition 

longer 

the from the background the 

to AA, the weaker from 
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Table Its of etching the with varying to acid alcohol 

Exposure to AA HC RC 

~ TB Bg TB Bg 
ZN +++ - +++ 1-
AR +++ - +++ - - -
Pap 20 min - + - + - + 

Smin - + - + + 
2min + + + + -
1 min + + + + - + 
10 dips + + + + - + 
nil + ~~ ++ - ++ 

Pap, dbl EA ~in - + ~-t+-In - + 

~* 2min + - + 
1 min + + + + 1- + 
10 dips + + + - + 
nil ++ + ++ - +++ 

2m in EA 20 min - + - + - + 
5 min - + - + - + 

. 

2 min + + + ~ + 
1 min + + + + - + 
10 dips + + + + - + 
nil + +++ + .. 

~ 4 min EA 20 min - + - + 
5 min - + - + 
2min 1+ + + + 
1 min + + + + - + 
10 dips + + + - + 
nil + +++ + +++ +++ 

, . 
TB == TB bacilli; Bg Background 

2.6.4.1 Etching with short exposures to Acid Alcohol 

As bacilli were only nTlTIOrl on those selctlcms """.JUC,\JU to AA for than 2 minutes, a 

study was performed, in which only stained sections were used. 

were eXIJD:::iea to AA short periods of This study was as follows: 

AIM: of EA with toAA 

METHOD: were performed on the control cases: 

l1li Standard stain Appendix 7 Technique 3) 

l1li EA with 2 min to 65 with 5 dips in AA 
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.. EA 65 stain with 2 min exposure to EA 65 with 2 dips in AA 

.. EA 65 stain with 4 min exposure to EA 65 with 5 dips in AA 

.. EA 65 stain with 4 min exposure EA 65 with 2 dips in AA 

RESULTS: 

The main finding was that the background was moderately reduced in all sections exposed 

to AA with little dampening effect on the fluorescence of T8 bacilli. 

Table 2.6 Results of etching EA 65 stained sections with acid alcohol 

Exposure to AA HC RC NC 

T8 8g T8 -~- T8 8g 
--~--. --, ,--
EA Nil ++ +++ ++ +++ - +++ 
2 min EA 5 dips ++ ++ ++ ++ - ++ 

2 dips ++ ++ ++ ++ - ++ 
4 min EA 5 dips + + + + - + 

2 dips ++ + ++ + - + 
. . , , 

rB ::: rB bacilli; Bg= Background 

CONCLUSION: Short exposures to AA dampen the background signal but do not affect 

the signal from the T8 bacilli. 

2.6.5 Effect of Heat, Light and Time on the Pap 

The final attempt to modify the Pap stain was to determine the effect of heat, light and time 

(post staining) on the Pap stain. The following study was performed: 

AIM: To determine the effect on the Pap stain of exposure to sunlight and heat. 

MATERIAL AND METHOD: Three sets of sections were cut from CH, CR and NC, and 

stained with the Pap stain: 

.. One set was not exposed to light or heat 

.. One set was exposed to sunlight for 30 min 
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• One was exposed to heat for 30 min in an incubator set to 40 degrees Celsius. 

RESULTS: 

III All NC sections were negative for bacilli. 

III The bacilli fluoresced brighter on those HC and RC sections exposed to heat than on 

those sections exposed to light. 

• There was little (if any) reduction in background staining. 

No formal study was conducted on the effects of time on the Pap stained sections, 

however certain important observations can be noted, as many of the Pap stained sections 

were reviewed days to months (up to 4 years) after staining. These are as follows: 

III The fluorescence induced in bacilli by the Pap stain did not appear to fade to any 

significant extent with time; but rather appeared to increase after a few days. This 

curious effect was noted when stained sections were re-examined a number of days 

after being stained and examined. 

• The background fluorescence also appeared to brighten with time 

• By comparison, fluorescence induced by the AR stain reduces markedly with exposure 

to heat, light and with time, fading to nothing after 2-3 days (depending on the storage 

conditions). 

CONCLUSION: The fluorescent signal induced in the TB bacilli and the background by the 

Pap stain does not appear to fade over long periods of time. 

2.7 The Final Modified Pap 

After the myriad of manipulations, the final modified Pap (mPap) stain used in the larger 

study (for comparison with the AR and ZN stains) was a Pap stain using the commercially 
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availa from Polychem United 

Haematoxylin, and 

method be found in Appendix 1 

exposure 

stain 

to EA to 4 
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Chapter 3 Comparison of the Modified Pap with AR and ZN 

: Aim, Material and Method and ults 

AIM: To compare 

1 . the ease of 

the safety of 

with 

methods 

ZN and 

by the time 

with C'nC'I""TI 

organism 

3. the cost of the staining methods and equipment. 

MATERIAL AND 

(mPap, AR 

Division 

an indicator of 

was 

Pathology, Department 

ease interpretation of the 

from 

""hl''\ .. ..,.'',..,,·\1 Medicine, 

Town. All cases as positive for acid/alcohol bacilli on a ZN stain a 

period from 1 to 2000 were selected and histology reviewed. This produced 

cases. The blocks on which ZN stains had performed were then identified, which 

gave a total 78 blocks. 

microscopy 

stain. 

using 

mPap and AR 

to identify 

was 

was 

bacilli meet the following 

were with 

microscopy 

conventional light 

ZN 

Icrc,scc)OV for the ZN 

was recorded using a conventional stopwatch, and 

slide was on to when a 

one or more 
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.. On all organism to be urn and 

um in width), curvilinear in within areas inflammation 

(granulomatous or or in 

.. mPap the bright yellow-green blue 

and to be no elastin the near vicinity (within the high power 

field) 

.. AR the had fluoresce golden-yellow under blue light. 

the had to stain red. 

If entire co.,'"I",1"\ had thoroughly no were that 

the case was recorded as being for 

a call to a case .... 01"''31'1\ was only on 

thorough examination of the on 

If a case was as negative, original (archival) ZN was reviewed 

or The 

faded. 

of the archival ZN stains were still 

preserved with only a few 

If a stained se(:::noin in the study was found of quality, was re-

cut 

METHODS: were on 

These specificity, sensitivity, K-

for the as as 

standard deviation and time values of 

latter was using the Wilcoxon rnathr./"! for matched 
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Additional information was on the ease preparation the 

profile and cost and equipment required for or 

RESULTS: 

Positive vs. Negative Stain Results 

A total of cases were identified 78 blocks on which ZN had 

one of these away, 

from cut case was ... on..,.-", excluded from study, leaving 77 

60 cases from which sec:tlOrlS could cut stained. 

are 

Table 3.1 

in Table 

and negative 

and Fig.3.1. 

mPap, AR and ZN stains 

from 

60 cases had only one block cnT'cr':::'M into study whilst 10 

(17%) had two 2 (3%) had three blocks entered 1 case (2%) four 

blocks entered. More than one block was examined 13 cases as it was not 

on 'A/nu'n of TB were originally identified. the 60 ca!::;es. 15 (25%) 

were negative for bacilli on a ZN 

whilst only one case (2%) was 

stain. No case was 

section from all blocks to 

stain, and one (2%) was .. u::.r.<::Irl> 

or put another way, were 

one in all cases. Table 1 in Appendix I for table raw 
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Fig.3.1 Histogram of Negative and Positive Cases by Stain 

The original ZN stained sections were available for 24 of the 29 blocks that were negative 

for TB bacilli in the current study. This represented 11 of the 15 negative cases. These 24 

stained sections were reviewed and bacilli identified in 18 of them resulting in identification 

of TB bacilli in 10 of the 11 cases in which the original ZN stained sections were available. 

In all stains, TB bacilli stained strongly and fulfilled the criteria listed at the beginning of this 

chapter (p38). On a ZN stain the mycobacteria stained deep red against a light blue 

background. Under blue fluorescent light, the organism fluoresced bright yellow-green 

when stained with an mPap stain (Fig .3.2). After staining with an AR stain, the bacilli 

fluoresced golden-yellow against a dark background under blue light. There was little 

background positive staining with the ZN stain. Red blood cells stained positive on the AR 
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stain and in addition to the red cells, elastin and nonspecific cytoplasmic staining was seen 

on the mPap stain . 

Fig.3.2 M.tubercu/osis bacilli (circles) in a sections stained with the modified Papanicolaou stain. A) 
High power (400x) ; true-colour image. B - D) Medium power (200x) , monochrome images 

3.2 Statistical Analysis of Positive vs. Negative Stain Results 

The numbers of positive and negative sections for the three tests (staining methods) were 

cross-tabulated and analysed for sensitivity, specificity, accuracy and K value. The results 

were as follows: 
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Table 3.2 Cross-tabulation of ZN versus mPap 

mPap 
Negative Positive Total 

ZN Negative 0 29 29 
Positive 1 47 48 

Total 1 76 77 

The sensitivity was 61 .80, the specificity 50 and the accuracy 61.54 with a K value of 
0.015. 

Table 3.3 Cross-tabulation of ZN versus AR 

AR 
Negative Positive Total 

ZN Negative 3 26 29 
Positive 2 46 48 

Total 5 72 77 

The sensitivity was 63.89, the specificity 66.67 and the accuracy 64.10 with a K value of 
0.108. 

Table 3.4 Cross-tabulation of mPap versus AR 

AR 
Negative Positive Total 

mPap Negative 3 26 29 
Positive 2 46 48 

Total 5 72 77 

The sensitivity was 93.4, the specificity 50 and the accuracy 92.30 with a K value of 0.22 . 

3.3 Time per Section Results 

The total time spent examining all 231 sections was 19 hrs 46 min 53 s. The total amount 

of time spent examining the ZN stained sections was 9 hrs 44 min 4 s with an average 

time of 7 min 35s per slide and a median of 5 min 51s. The maximum time spent on a ZN 

section was 28 min 51 s and the minimum time 7 s. More time was spent on the 29 of 77 

sections where no bacilli could be found - a total of 5 hrs 5 min 43 s with an average of 10 

min 32 s per slide to a maximum of 28 min 51 s and a minimum of 2 min 30 s. As 

expected, less time was spent on the positive sections - a total of 4 hrs 38 min 21 s with 
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an average of 5 min 48 s per slide - half the time spent on the negative cases. The longest 

time taken to identify a bacillus was 19 min 56 s and the quickest a bacillus was identified 

was 7 s (as stated above) (Fig.3.3). 

35 

30 

25 

'" 20 .. 
'" '" Q .... 
0 

0 15 z 

10 

5 

200 400 600 800 1000 

Time (s) 

Fig.3.3 Histogram of ZN times. 

1200 1400 1500 

~AII cases 

1800 ~ P ositi~e cases 
IIIIIl Neg atlve cases 

In contrast, the total amount of time spent examining the mPap stained sections was 5 hrs 

5 min 48 s with an average time of 3 min 58 s per slide with a median of 3 min 33 s. The 

maximum time spent on an mPap section was 20 min 21 s, this being the only negative 

case. The minimum time was 18 s. The total time spent on the positive sections was 4 hrs 

45 min 27 s with an average of 3 min 45 s per slide. The longest time taken to identify a 

bacillus was 12 min 8 s (Fig.3.4). 
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Fig.3.4 Histogram of mPap times. 

The total time spent examining the AR stained sections was 4 hrs 57 min 1 s with an 

average time of 3 min 51s per slide with a median of 2 min 21s. The maximum time spent 

on an AR section was 34 min 18 s and the minimum time 2 s. As above, more time was 

spent on the 5 sections where no bacilli could be found - a total of 1 hr 3 min 45 s with an 

average of 12 min 45 s per slide to the maximum of 34 min 18 s quoted above and a 

minimum of 5 min. The total time spent on the positive sections was 3 hrs 53 min 16 s with 

an average of 3 min 14 s per slide to a maximum of 11 min 44 s and a minimum of 2 s as 

quoted above (Fig .3.5). 
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Fig.3.5 Histogram of AR times. 

Table 3.5 Statistical analysis of time values (in seconds) for ZN, Pap and AR stained 
sections. 

Time ZN Pap AR 
Total Positive 4hr 38min 21s 4hr 45min 27s 3hr 53min 16s 

Negative 5hr 5 min 43s 20min 21s 1hr 3m in 45s 
All 9hs 44min 4s 5hr 5min 48s 4hr 57min 1s 

Average Positive 5min 48s 3m in 45s 3m in 14s 
Negative 10min 33s 20m in 21s 12min 45s 
Total 7min 35s 3m in 58s 3min 51s 

Median Positive 3min 5s 3min 32s 2min 15s 
Negative 8min 37s 20min 21s 6min 52s 
Total 5min 51s 3m in 33s 2m in 21s 

Maximum Positive 19min 56s 12min 8s 11 min 44s 
Negative 28min 51s 20min 21s 34min 18s 
Total 28min 51s 20min 21 s 34min 18s 

Minimum Positive 7s 18s 2s 
Negative 2min 30s 20m in 21s 5min Os 

Total 7s 18s 2s 

Std Dev Positive 341.47 160.26 167.53 
Negative 359.17 Division by 0 739.44 
Total 372.69 195.49 273.91 

95% confidence Positive 96.60 36.03 38.70 
Negative 130.72 Division by 0 648.14 

Total 83.24 43.67 61.18 
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deviations and 95% confidence are presented in Table 

Analysis of Time per _L:"~T'",''''' 

was of the 

of total time taken and positive ZN and mPap 

mPap 

ZN Negative Positive Grand Total 

~ ZN time Os 5hr 5min 435 5hr Smin 435 

IPap time as 1 hr 58min 11 s 1 hr 58min 115 

Positive ZN time 1Smin 18s 4hr 23min 3s 4hr 38min 21 s 

mPap time 20min 215 2hr 47min 16s 3hr 7min 375 

Total ZN time 15min 18s 9hr 28m in 46s 9hr 44min 45 

I 
4hr 45min 27s Shr Smin 485 

I 
. 

of total time taken for ZN and AR 
stains 

AR 

ZN Negative Positive Grand Total 

Negative ZN time 19min Os 4hr 46min 435 5hr 5min 435 

AR time 46min 10s 1 hr 24min 225 2hr 10min 325 

Positive ZN time 10min 45 4hr 28min 175 4hr 38min 21 s 

AR time 17min 35s 2hr 28min 54s r 46min 295 

T Dtal ZN time ~n4S 9hr 15min Os 9hr 44min 45 

Total AR time I 3min 455 3hr 53min 16s 4hr S7min is 
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Table Cross-tabulation total AR 
stains 

AR 

l\legative Positive Grand Total 

Os 20min 218 20min 21s 

Os 11min 148 11min14s 

Positive mPap time 25m in 50s 4hr 19min 378 4hr 45min 275 

ARUme 1hr 3m in 45s 3hr 42min 28 4hr 45min 478 

Total time 25min 50s 4hr 39min 585 5hr Smin 488 

Total AR time 1hr 3min 455 3hr 53min 165 4hr 57min 1s 

sections in which bacilli were identified (the positive give an indication of 

time required to bacilli using various staining methods. Therefore, considering 

time identify bacilli a ZN 5 

min 48 s is far than when either of fluorescent ... + ........ '" (median time 

being 3 min 45 s and for AR being 3 min 14 s). The times using the two 

were similar, with the AR being the quicker of the two. 

Wilcoxon evaluating the 

significance of difference in of all stains. The values are as 

follows: 

When 47 were on both and Pap the 

following were generated: 

T value::: 388.00 

Z value:::: 1 

P value:::: 

When the that were on both ZN and the 

following were nOlr"lor!:lt.c.rI 
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T :::: 306.50 

Z value:::: 2.556 

P :::: 0.010 

When to blocks that were positive on both 

were 

T :::: 1 

Z :::: 1 

p 

it can seen 

of 0.204) 

was a significant difference in the time 

with the Pap and AR methods (p values of 

was no statistical significance between the two 

CONCLUSION: to identify TB bacilli in the two fluorescent stains was 

significantly shorter than when the ZN stain. 

3.5 of Preparation 

All three stains were readily replroclUclD 

this study 

The ZN stain is relatively 

microbiology 

to half an hour 

open flame. 

on 

by a number technologists who participated in 

reason widely in both 

or over an 

to 

in current study, 
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were a heavy 

are 

filter paper 

By 

blue counter stain and crystalline fuchsin 

rnrr'ClT'H::ln by 

preparing solutions, 

the AR stain was the most technically difficult 

shelf-life, stored in dark 

on the slide. 

and using 

to prepare as 

or away from light, 

as C''!'<>'tOt'1 is on a 

routine microbiology "~1",,\I"I<:>'" around the world, but is not widely 

histopathology laboratories as the demand is on an ad hoc and often 

solutions. 

The was the .., .... ,-...-,.., 

staining approximately 15 background 

pattern did have a tendency to vary slightly from batch to batch, even in the a 

technologist. The itself to automated (as has been applied to the 

in many 

of the Stains 

stain uses phenol which is highly toxic 

and ethanol solution to be 

and 

Celsius. In laboratories is 

may be absorbed through the skin. The 

under a fume hood while 

agTIMrI to approximately 

To avoid 

a naked flame, be placed in a coplin of preheated carbol-fuchsin (60 

and left until the solution has cooled. 

stain use 

Rhodamine B, both of which are toxic 

but in 

With 

uses Auramine 0 

to the ZN, a 
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extraction hood is required for the preparation of the solutions and gloves and eye 

protection need to be worn. The Auramine-Rhodamine solution also requires heating to 

approximately 60 degrees Celsius. Many laboratories use a naked flame to do this, 

however, in the interests of safety, it is advisable to use a hot-plate or heated water bath 

instead. 

The rnPap stain uses only eosin and haematoxylin, both routinely used, safe reagents. 

The use of gloves is recommended. No heating is required. The ability to automate the 

staining procedure further limits staff exposure to reagents and makes this stain extremely 

safe to use. 

3.7 Cost 

The cost assessment in this study has been divided into two components: firstly, cost of 
the stain and, secondly, equipment required in preparing and interpreting the stain. 

3.7.1 Cost of Reagents 

The prices of the various reagents used in the three staining methods appear below (see 

Table 3.8) 

The additive cost of the reagents of the three stains amount to the following: 

R 559.00 for the ZN stain 

R 786.00 for the mPap stain 

R 629.00 for the AR stain. 
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Table 3.8 of reagents broken down by stain 

Stain Reagent Quantity Cost 
Zieh-Neelsen 

Basic fuchsin * 25 9 R 99.00 
Absolute ethanol .. 2.51 R 193.00 
Phenol crystals .. 5009 R 96.00 
nYUlu{.;llloric acig .. 2.51 R 150.00 
Aqueous methylene blue * 2.51 R 21.00 

Auramine Rhodamine 
Auramine 0" 25 9 R 143.00 
Rhodamine B" 259 R 178.00 
Glycerol .. 500 ml R 31.00 

500 9 R 96.00 
Hydr()chloric acid '" 2.51 R 150.00 
Potassium permanganate .. 500 9 R 31.00 

Modified Papanicolaou 
Gill's haematoxylin .. 2.51 R 343.00 
Hydrochloric acid .. 2.51 R 150.00 
Scott's tap-water substitute: 

Sodium bicarbonate '* 500 9 R 23.00 
Magnesium sulphate .. 500 9 R 23.00 

2.51 R 190.00 
I Glacial acetic acid .. 2.51 R 57.00 

listed in the Merc.k '9t91t)gnp 2005.) 

is that the National Health Laboratory Service, the group in which 

study was charges R section of which of 

performed. 

Cost of Equipment 

majority of the equipment required for the production interpretation of three 

in this is laboratory eqUipment. As cost of as 

extraction staining the like, 

consideration. only item that is standard in the majority of a 

fluorescent To give an indication of the of an entry-level 

ml(~rm;coDe. a a with an attached module, slider 

three filters was 11 for a list of 

The total cost as May 2005 amounted R 70 550.00. lifespan of a 

good quality microscope is over a decade. 
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is a scc)pe should 

"OTc>rr'"I laboratories as it is required for the interpretation of 

on renal and skin 

cheapest is the most 

is 

stain. The 

in the mPap stain drive the cost up. No additional equipment, 

equipment) is neE~a€la for producing or interpreting the ZN 

is required for 

is a once-off as the lifespan is 

equipment in 

performed 

is 

mixed reagents 

than standard 

A fluorescent 

adding 

of a 
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hapter 4 iscussion and Conclusion 

In 1 Kupper al induction in mycobacteria in 

smear that were stained with The current set out 

Pap stain 

In this 

M 

induce 

the 

in M tuberculosis bacilli in 

are conclusive - Pap 

bacilli in sec;norls of 

next question was why occurs. What the stain No 

other published study attempted to answer this Chapter sections 

describes various ",oithr'rI for stain that were tested and broken down 

into various components. results, it became that bacilli 

no matter which method was and fluorescence was not an innate property 

bacilli as they did not fluoresce in unstained 

(50 or was identified as the reagent which induces fluorescence when 

down into its components (Chapter 2.4), Y was found to the 

subcomponent. This is surprising as is known induce 

(94, 95), however, the is not to the 

with eosin show intense, 

nuclei, cytoplasmic components, 

cells which practically VIJ';lv .... 

background fluorescence (amongst cell 

(including staining elastin) and 

the bacilli. 

Two forms eosin are Pap staining methods, EA 50 

both which contain no 

Pap stain method is is a common dye, histology 

and in as a component of and 

water-soluble yellowish the most used. Other Tr.r'rnc available are eosin B 

form) and ethyl (an soluble Eosin an anionic dye binds to 
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....... n.nn"'.n1""" such as 

a in 

When viewed 

nm) is 

The light 

fluorescence of the 

EA 50 and to have no on 

was no appreciable d 

stained with eosin Y. 

between those """'1',1',,,, .. ,,,-

stained with 

In order to 

the diffuse 

2.5.1). 

found that 

which stain components 

were n:'.>.""UTlnu'"u;;,n 

method as it is in a 

was responsible for dampening 

of the 

form. It was 

background 

fluorescence. The for this is relatively simple; haematoxylin is essentially a 

blue stain formed by combining a blue dye with a metal, usually aluminum (the alum 

forms) or iron (the ferric which confer a net 

dye-metal complex 

in a blue 

in 

quenching the background 

reason that the anionic Y 

a net positive charge, 

that are ,n1"o,,,, .. ,,, 

cationic haematoxylin 

the now 

to anionic tissue 

1I0""o.n under 

(approximately 610nm) 

in particular those of the 

a component of the M 

to components such as 

...................... "' ...... 1""" of the cell wall core 

when excited 

compound. 

'blanking out' or 

It stands to 

bacilli which 

or 

bacilli do not 

Harris' were in the current study with 

Gill's haematoxylin 

and requires no filtering. 

advantage of a shorter 

haematoxylin has a 

a 

to 
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background 

it requires 

as well as nuclei and is more difficult to use than Gill's haematoxylin as 

filtering and differentiation, but is reputed to give the most 

It 

result in a more diffuse quenching due 

would 

background when compared 

background 

Gill's, but this did aPlJecir to be the case. 

A is stained were examined fluorescent 

were ! but with extreme this 

stain is 

stain, 

with relatively little 'blueing' by haematoxylin when compared to the Pap 

resulting in fluorescence of background. 

were 

of the background. 

.. the exposure 

to 

included: 

.,. Quenching the background autofluorescence. 

the exposure was noted to 

but increased the background signal. 

quenched either 

metals already, 

effect on the background stain. An 

fluorescent 

addition of blue 

is a 

was made to 

bacilli or 

bacilli, 

or exposure 

and a 

additional blue 

that have a less specific staining pattern. Two blue dyes were , namely, methylene 

and toluidine reason for of these particular dyes was that 

is ZN on that it 

not 'blue' the toluidine blue is a regularly to 

in unprocessed u"".;, ........ '.., or smears. Unfortunately these attempts as in addition 
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quenching 

signal of the bacilli. The 

that they were relatively 

they also effectively 

methylene blue and toluidine blue was 

staining; it is probably therefore not 

that they quenched the signal from 

is a heavy metal that is widely 

commonly used for quenching 

borohydride are more commonly 

van 

it was to attempt 

were similar to those of the 

and 

that 

was quenched,butthe of the was 

the properties of the mycobacterial wall is its 

a bleaching medium - a property exploited 

(67, 69, 82, 97). It was Orm)OSE30 

1".-"'0\1£,,, after exposure 

alcohol 

65 stained C-OF'T.n 

for minutes to as little as 2 

stains and, although it is 

mercury 

it used in the 

cl"t:~nr'o was 

stains. Unfortunately 

background fluorescence 

negated. 

to acid alcohol, 

Da~)ed stains, and in 

a 

in 

It was found that 

that in markedly reduced the signal bacilli to 

to 

an 

prior 

to acid 

roc.ron only weakly or not at all. Increasing the eXl)OS~U 

did not have any noticeable effect. 

are known to when eX!Jm;ea to heat and/or light. 

was to assess what effect on 
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sections. Interestingly, when the stains were ex!)m;ea to heat (40 for 

30 min) was enhanced. is a phenomenon that is inexplicable the author. 

minutes of sunlight had no effect Neither heat nor light 

background 

Most fade with time. H&E stain can fade over a period of months; 

fading more than the stained sections slowly allowing 

for stains 

quickly - the is virtually after 48 on 

conditions) (97). A useful of the mentioned anecdotally, is that 

• 

• 

properties do appear to fade with time. Bacilli were identified in all positive 

(up to 4 after staining). 

review of the 

modified 

from 

commercially 

findings. 

compared in 

pre-mixed 

study with 

and Gill's 

and AR stains 

as follows: 

United Scientific were used. The reasons for using the commercially available 

were as follows: 

.. The are vary from batch. 

.. The rQ~.nontc are used in laboratory the Division of 

Pathology, University of Town were this took place 

therefore available for use. 

.. 
6 was 

fluorescent <>'1'1"''''' 

are in cytology 

from the protocol as it had 

around the 

no 

were 

on 

• The exposure to EA 65 was doubled. 
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AR were 

used 

as 

M 

standards' as they are the 

(25, 34-36, 37 Kalich, 1 

45). The is in light microscopy and auramine based as 

the AR, are the widely fluorescent stains. Fluorescent 

are not widely applied to the identification TB bacilli in routine histopathology orClcnce. 

but a number of studies performed over the past three decades have shown that 

dramatically improve the 'pick-up bacilli in both smears and 

sections when compared to 

Archival material from known 

as it was a 

cases those in which 

immediately imparted a significant 

the investigator was aware of 

of sections. This had two effects - firstly, it 

thereby increasing the risk of false 

to identify bacilli. It would have 

of the three stains had they 

either granulomatous inflammation on light 

SOE~C{E~a of tuberculosis. As is a 

it was to 

one cases were , one of which was 

Cape Town, was 

the study was limiting 

a ZN stain. This 

when examining the stained 

had been identified in the 

the threshold for a positive call, 

it placed pressure on the 

indicator of the strengths and 

a selectlo cases which 

or were 

a un-

cases only. 

insufficient 

in block for sections to be cut The n,n.,..",,,, were to on 

which a performed, resulting in 47 cases in which one block was entered, 10 
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cases in which two blocks were 2 cases in which blocks 1 case 

in which 4 blocks were entered, resulting in 77 blocks. In practice, a case is reported as 

to 

M tuberculosis if 

case. It is likely 

bacilli are identified on 

were not 

one of pertaining 

cases 

which a was performed on more than one as the 

state which block the bacilli were identified it is impossible to know 

were It also not known how many ZN 

did 

which 

sections were 

were 

bacilli were 

available on all cases making it to correlate 

in the current study with those the original cases. 

bacilli were 

is a surprisingly low percentage, 

mycobacterium Put another 

in only 48 

cases were 

the false 

current study is high (38%). The reasons for this 

of the 

stained 

for the 

be broken into 

factors to the investigator. The study was 

examination of a ZN stained "''"'''-''''''', block. If were not 

then was deemed negative. is not 

routine practice, where it is not uncommon to examine multiple stained sections 

a block. 

the 

additional 

in design was the 

- the 

Factors related the investigator 

that only one 

were not re-ex'::lmlne'o 

''''', ......... fatigue (no rOC1'rlPT 

as 

in 

to 

on 

was placed on the number of cases or time 

possibly 

due 

a single sitting, or on the 

taken 

attempt to lower 

the sections, no se(:;1:IO 

a single 

in the current 

examined twice on high power (400x). 

screening 

or incomplete 

was deemed to negative it 

In an 

of 

was usually performed in the same sitting. 

60 
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Of ZN stained sections 

whilst the remaining 15 

were 14 were from cases 

24 of for TB bacilli -

11 15 negative cases. sections were 

and in 18 of them resulting in of TB bacilli in 10 of the 11 

cases in which original ZN stained sections were available. In other words, 

that the 

conditions as 

however, 

was confirmed in all but one case on 

could identify bacilli on 

the study) makes investigator error 

on a 

had a much higher 

identified in 76 (99%) stained sections and (94%) 

ZN sections. The fact 

(under the same 

«1 %) mPap and 5 (6%) AR stained sections were 

with bacilli being 

sections. Only 1 

for bacilli - low 

false negative rates. Many performed on sputum or 

comparing the fluorescent c;:,t!!:linc;:, 

cases have shown 

ZN 

87). This 

specificity of the 

It is likely that the false positive 

""t!:lin"" to be more 

of 

that a number of 

low, giving rise to false positives 

the mPap will be comparable to the AR 

smears 

TB 

41, 

if not 

even higher, but it is not possible to the numbers of false positive cases 

current study as only ZN positive cases were 

In an attempt to limit the number of 

3) nOTn,ro 

a 

was 

to 

to be positive. more 
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rigorously these criteria are the lower the 

negative rate. 

is likely to be, but 

is the risk of 

published 

mycobacterial 

are 

or 

the ZN stain with 

as were 

on routine histopathology specimens showing granulomatous inflammation. 

percentage of 

of 45% (34, 87). 

ZN stain that is 

a 

when i:i:';'::i~:';':';'1 a new 

M.tuberculosis cases no,'n,""r"",... on ZN stain alone in 

studies are not directly to the current study as it is 

as a 'gold-standard' and not culture or molecular techniques, 

have used 

39, 

based stains as 

study, ZN 

to be useful in this rOI'1'.:lrrt than the other the AR 

rnn,'.:lr.::,c the positive and 

reason 

for this C'T"""rr .... v.'" apparent when one 

When comparing the mPap to for the three 

61.80, 

reason 

versa. 

different: 

for low 

positive on the 

mPap. When 

ZN, the mPap was 

and the accuracy 61 These figures are very poor, main 

the poor (62%) positive pickup with the ZN not 

is performed as the standard 

was 93.4, accuracy 

are 

reason 

is that there was se(:mon which was 

section and 5 sections that were all on the 

the ZN as the exercise was with the ZN and AR 

, the sensitivity was 

to mPap cor'TI" 

not 

the specificity 66.67 

the two fluorescent 

the accuracy 64.10 -

are comparable with 

interpretation is a 

number of pathologists to the 

The measure would to a 

performed on a number cases and have them 
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assess the stains in a number This was beyond the scope of 

ease of interpreting the 

bacilli are presented below: 

study. subjective opinion of the 

objective measure of the time 

was the easiest to as it light microscopy a 

pathologists. out 

blue to the ZN that 

with interpretation were a heavy stain and crystalline 

on The former may hide making them harder to find and 

bacilli, 

on 

negative rate; and the misinterpreted as 

resulting in false positives. The short-faU of the ZN stain, as indicated in the 

is that bacilli may be very scarce 

identify bacilli - a very 

for the """"'T" 

one is required to scan the 

Droce!:,s as indicated by 

was once one microscope. Bacilli 

allowing the sections to be 

shortcomings were the 

were on a scanning power of 

Iy than for the ZN sections. The 

the rapid 

The former 

39,42, 

adhered to. 

identification of 

In an 

was 

in a reduction in the 

artefact in the sections that could be misinterpreted as bacilli; and 

(within 24 to 48 hours depending on conditions). 

high rate of false positives 

to limit misinterpretation, 

numerous studies (38, 

to interpret as the JJU'J'''''' 

It would be reasonable to 

bacilli identified and in 

63 
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did not apl)ecir to the case as more mPap were 

other hand, as being positive on either of 

elastin and 

lead to 

two stains. On 

bright of blood cells in particular could mimic 

positives. In an attempt to limit 

misinterpretation, the in Chapter 3 were adhered to. with the 

mPap sections could be scanned at however it was 

to move to 400 magnification confirm the presence of bacilli. 

Chapter taken bacilli a measure of ease 

interpretation. As can seen from the presented in 3, section the 

AR stains Significantly times when with the stain. 

ZN stained was 9 min 4 s 

with an average time 7 min 35s per with 4 min 1 s for 

5 5 min 48 s for mPap with times of 3 min sand 3 min s slide 

It is logical that more was spent on sections 'Aln,arc. bacilli could not found, as 

cases were examined twice they were oannan to be nor.",,!,,, This is in 

to 

on negative 

(5 min 

{12 

slide) 

cases in which the time was as soon as a bacillus was 

(10 min 

is 

s 

that 

slide) was double the 

s per slide), whilst for the AR C'T'"',' .... ".n sections the 

s per slide) was almost four that of the 

mPap times 

10"'>"'''''' time of 

(3 min 14 s 

s 

compared with 3 min 45 s per 

to 

respectively). 
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When 

were 

to on the 

method 

it could seen that nt difference between the ZN 

with both Pap and AR 

was no statistically 

0.063 and 0.010 respectively). whilst 

between the two fluorescent methods (p value 

0.204). This that bacilli were identified significantly faster when either of the two 

fluorescent stains were to the ZN stain. Although the times for 

stain appear faster than 

statistically significant. 

An interesting point to 

s of 

is 

AR 

are 

15 for a ZN, 8 minutes 

examining a positive ZN in 

the longest time was 11 min 44 s and for a 

this difference has not proved 

cases were identified within 14 

s 8 min s respec:tl' 

majority of cases will be identified 

9 min an mPap. The longest time 

was 19 min whilst for a positive 

was 12 min 8 s. Assuming 

all bacilli were identified (a assumption), TrieU"£> an indication of the 

section before calling it minimum length of time one should en">,,n examining a 

Holding assumption that the speed with which are 

ease interpretation. it stands to reason 

ease the stains and safety 

are performed routinely in 

laboratory staff. The mPap differs little from a 

65 
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the 

in 

was the 

were 

with 

is 

next and 

Of the 

most 

difficult. This opinion is subjective, however, no heating is required in the m 

stain, are premixed and no cupboard is . The stain 

automation. AR and a 

fume . Both require reagents in laboratory. 

for stain have a shelf-life and require new solutions to be prepared 

as safety is , the is the 

and no 

three as none the 

.. o<o ...... on1'<:> are particularly volatile or 

use of gloves and are required. There is no 

By the ZN the use 

the AR stain uses auramine and rhodamine. All 

corrosive. 

of 

to ascertain. 

a 

can be 

for 

prospectively 

precautions, beyond the routine 

for heating or 

hydrochloric 

reagents are 

bacilli is 

retrospectively. 

use of an 

phenol, 

toxic or 

difficult 

analysis entails costing the equipment and reagents whilst retrospective analysis entails 

a new staining and calculating the expenditure 

to prior to 

in nature. Both methods are fraught with difficulties. current study attempted 

former method. 

It is nearly to 

quantity of rO'.;l,nOnTC used 

technologist. Amount of 

assess the a single 

from stain to method to method 

as 

technologist 

(both during staining procedure and due to expired 
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and staff hours (time it to 

into and are beyond 

for the 

some 

(if purchased in 

amounting to R 559.00, whilst 

and perform the stain) 

this study. 

can made: 

2005 prices) were 

were the premixed 

stain amounting to R 786.00, with 

the two and amounting to R 629.00. 

of the AR lying 

.. As the solutions and reagents of a limited 

solutions, whilst resulting in '-'u,~'-' .... vva':>la\.~v due to 

411 is a 

ecrea~;ea staff hours 

can , resulting in 

4) In 

per slide is 

for an 

even be filtered 

"' .. "' ....... ,... in se(":lIun 

stains 

into consideration. No 

the two fluorescent 

A quotation was obtained for a 

three filters as 

is available internationally. 

of the Pap stain is the cost of the stain 

the reagents can be bought in bulk, a small quantity used 

a 

(up to a week) for staining and can 

cannot be done with the or the AR stains. 

in a basic histopathology 

was required by the ZN 

microscope for their interpretation. 

with an attached fluorescent 

an entry-level 

as amounted R 

was 

whilst 
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This is a minor ""'v,,, ...... ,,,, .... ,.... when account is the fact it is a once-off 

purchase as a good quality microscope will last for many if given the proper care. 

In are 

in cost is fluorescent which is a once expense. 

study should as a pilot 

is 

as it has major 

were 

built into the 

study on cases 

were known to be positive for bacilli on a stain. This it difficult to assess 

following: the positive rate. To remedy this, future could include 

A study in which the stains are to a range of cases of granulomatous 

that TB cases cases forTB. 

A routine surgical cases in which granulomatous inflammation seen or in which 

tuberculosis is suspected clinical reasons. 

AR co1" ..... "'",· were as the is ideally "'UILGU 

this as the is known to have a negative a fact 

current study where the rate was 38%. This does not allow for accurate calculation 

sensitivity and ... au""" of the method under investigation. In 

is known 

comparative study. 

a vexing one as no 

PCR as the 

to have a 

but is 

positive and 

including 

a 

question of which method 

method proven to be entirely 

with good 

consuming 

TB cases 

(ZN), PCR and 

(33,46,49, 

culture is 

on the 

culture. 

68 
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99-103), 

is 

is 

likely candidate as it is very 

a number of investigations 
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Further avenues of the fluorescent 

Pap stain 

III Refinements of as the use of heat during staining with 

Heat is used in both 

bacilli (82). If the 

minutes this could improve 

or acid etching. 

to improve penetration of the dye 

to then applied to the section 10 

the dye by the bacilli during 

II Using eosin Y instead as it is in that induces 

not the other components 

III a as a cationic 

dye but 1"YIt""''\I'"\,OnT",, well. A cationic blue dye 

with a wider staining profile may blot fluorescence to a greater 

II use of heavy metals warrants further as agents to blot out 

background fluorescence, as this was only with superficially in the current 

study. 

III use filters to narrow the range of in an attempt to 

frequency of emissions from the of the 

components. The 

background 

background. 

• fluorescence to the the 

unimpeded. This is unfortunately only and 
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• Apply a of to fluorescence 

in identifying 

the current study). 

other than 

tissue 

bacilli, such as (as noted 

In conclusion, this study proved Pap 

in bacilli in processed sections. y been shown to component 

identified as that fluorescence and haematoxylin 

made to modify the Pap in order to onln<:::> .... ,...o this 

background staining. The resultant mPap had highest detection rate (most number 

sections) and favourably with AR stain. ZN stain had a 

of identified 

approximately two the potentially sections. 

time taken to identify bacilli using fluorescent (mPap and was 

significantly shorter than when the ZN There was no 

The mPap was the 

to be the 

rU1\J\lP1,/Pr the 

practice. The 

negligible. 

inexpensive, 

difficult to interpret due to the abundant background but 

to prepare 

with ron", rl'1 

was the safest three methods. It was, 

is likely to be cm~aoesI in 

non-standard eqUipment fluorescent was 

are an 0\10.'£"\ .... an 

fluorescent for the detection Mycobacterium tuberculosis 

using the fluorescent properties of Until such time as one is developed, 

to suffice. 

old 

and the more AR stains will 
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Appendix 1 

1 Table Data for the comparison of mPap with the ZN and stains. 

Case Block 
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158 
50 
237 
321 
89 
74 
475 
453 
140 
247 
299 
134 
292 
211 
299 
324 
110 
121 
340 
81 
329 
150 
90 
321 
251 
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Appendix 2 

Papanicolaou 

Method 1: (Papanicolaou 1942) 

Solutions: 
1. 
2. 

haematoxylin 

L G 
it Phosphotungstic acid 

ethanol 

L 0.1 light % ethanol 
ii. 0.5% eosin ws % ethanol 
iii. Bismark brown % ethanol 
iv. Phosphotungstic 
v. Saturated aqueous lithium carbonate 

for 1 
for 2 

with distilled for 3 min 
4. haematoxylin solution for 2 min 30 s 

in tap water for 1 min 
acid alcohol for 3 s 

in tap water for 2 min 
Ammoniated water for 1 min 

in tap water for 3 min 
% alcohol for 2 min 

.1"''''' ......... for 2 
1 min s 

alcohol for 2 min 
% alcohol for 2 min 
50 for 2 min 30 sec 
% alcohol for 2 min 

Absolute alcohol for 1 min 
Absolute alcohol for 1 min 
Absolute alcohol for 1 min 

for 2 min 
2min 

Method 2: (Bancroft 1 

Solutions: 
1. Harris's haematoxylin 

i. Haematoxylin 
ii. 

iv. 
v. 
vi. 

80 

9 
5g 

100 ml 

ml 
ml 
ml 
g 

1 drop 

5g 
50 ml 
100g 
1 
2-5g 
40ml 
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2. 6 
vi. 

viii. 
50 

ix. 
x. 
xi. 
xii. 
xiii. 
xiv. 

all 

0.04 M light green SF 
M Y 

Phosphotungstic acid 
Alcohol 
Methanol 

1. 95 % alcohol 2 min 
70 % alcohol for 2 min 
Rinse with 1 min 
Harris's haematoxylin solution for 5min 
Rinse in tap 2 min 

10 ml 
20ml 
2g 

Differentiate in hydrochloric 10 s 
in tap 
in 

in 2 min 
% alcohol for 2 min 
% alcohol for 2 min 

1 95 % alcohol for 2 min 
1 OG 6 for 2 min 
14. % alcohol for 2 
1 % alcohol 2 min 
1 for 3 min 
1 % alcohol 
1 alcohol 
1 alcohol 

alcohol 
21.Xylene for 2 min 

Xylene for 2 min 
Mount 

for 2 

(Based on recommendations of Polychem 

alcohol for 10 dips 
% alcohol for 10 dips 

water for 10 
4. 

1 min 

81 

2004) 
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6 for 1 min 
96 % alcohol 10 dips 

10. for 2 min 
11. % for 10 dips 
12. alcohol for 10 dips 
1 alcohol for 10 
1 alcohol 10 dips 
1 Xylene for 10 dips 
16. for 10 dips 
17. Mount 
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Appendix 3 

Ziehl-Neelsen Stain: (Ziehl 1882) 

fuchsin 
i. fuchsin 
ii. ethanol 

iv. 
hydrochloric acid in 70% 

methylene blue 

rehydrate in distilled 
sections with fi ltered 

to 
in a coplin 

it is placed cold water 
solution until the dye 

blot dry and in 
4. water for 2 minutes. 

in tap 
Dehydrate 
mount. 

blue 15 to 

counterstain in 

1 9 
10 ml 
5g 
100 ml 

from below with a 
for 10 Alternatively 

for 10 minutes. {If a 
The in 

alcohol. 

in 
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Appendix 4 

Auramine Rhodamine Stain: (Kuper and May 1960) 

Solutions: 
1. Auramine rhodamine solution 

L Auramine 0 
ii. Rhodamine B 

Glycerol 
iv. Phenol (liquefied 
v. 

Mix 
months. 

hydrochloric acid in 70% alcohol 
0.5% potassium 

and rehydrate in distilled water. 
solution in a coplin jar 10 minutes 60" 

3. running for 2 
Differentiate in acid-alcohol for 2 
Wash in running water 2 minutes. 
Flood with potassium 2 minutes. 

7. Wash in running tap for 2 minutes. 

least 

8. dry, dehydrate rapidly in absolute alcohol, in and mount. 
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Appendix 5 

for the testing Pap 

Solutions: 
1. haematoxylin 

vii. Haematoxylin 
Ethanol 

ix. alum 
x. Distilled 
xi. oxide 
xii. Glacial 

6 
xv. Orange (1 aqueous) 
xvi. Alcohol 
xvii. Phosphotungstic acid 

xviii. 

xx. 
Alcohol 

xxii. Methanol 

Technique: 
1. Unstained "".,. .. ·T."' ..... 

1. 
Mount 

Haematoxylin 

Mount 

3min 

3. Haematoxylin with differentiation 
1 3 ,.., .... "",IL:> 

in hydrochloric 
in for 2 

4. in 95% alcohol for 2 min 
Repeat alcohol for 2 min 
Mount 

5g 
50ml 
100g 
1000ml 
2 - 5 9 

ml 

50 ml 
950ml 
0-15 9 

10 ml 
ml 

2g 
750ml 

ml 
ml 

10 sec 

Haematoxylin differentiation and 'blueing' 
1. Repeat 1 to 5 above 

'Blue' in for 2 min 
Place in 95% alcohol for 2 min 

95% alcohol 2 min 
Mount 

Orange 6 
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1. De-wax 
in for 1 min 

with 6 for 2 min 
in 95% alcohol for 2 min 

Repeat alcohol for 2 min 
Mount I 

Eosin A 50 
1. 

for 3 min 
in 95% alcohol 1 min 

4. Mount 

86 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendix 6 

Methods for the testing the EA 50 components: 

Solutions: 
1. Eosin Y 
2. Light green 
3. Phosphotungstic acid 

Glacial acetic acid 
5. Alcohol and methanol 

Technique: 
Sections were stained with one of the above EA 50 components. The staining protocol for 
the individual EA 50 components followed these steps: 

1. De-wax 
2. Stain with EA 50 component for 3 min 
3. Place in 95% alcohol for 1 min 
4. Mount 

87 
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Appendix 7 

Methods for recombining the Pap components: 

Solutions: 
1. Gill's haematoxylin (GH) 
2. Orange G 6 (OG 6) 

Eosin A 65 (EA 65) 

Technique: 
1. Gill's haematoxylin 

1. De-wax 
2. Rinse in tap water for 10 dips 
3. Gill's haematoxylin solution for 1 min 
4. Rinse in tap water for 10 dips 
5. Differentiate in lithium carbonate for 1 min 
6. 96 % alcohol for 10 dips 
7. 96 % alcohol for 10 dips 
8. Absolute alcohol for 10 dips 
9. Absolute alcohol for 10 dips 
10.Xylene for 10 dips 
11. Xylene for 10 dips 
1 Mount 

2. Orange G 6 
1. De-wax 
2. 96 % alcohol for 10 dips 
3. Stain with OG 6 for 1 min 
4. 96 % alcohol for 10 dips 
5. 96 % alcohol for 10 dips 
6. Absolute alcohol for 10 dips 
7. Absolute alcohol for 10 dips 
8. Xylene for 10 dips 
9. Xylene for 10 dips 
10.Mount 

3. Eosin A 65 
1. De-wax 
2. Stain with EA 65 for 2 min 
3. 96 % alcohol for 10 dips 
4. 96 % alcohol for 10 dips 
5. Absolute alcohol for 10 dips 
6. Absolute alcohol for 10 dips 
7. Xylene for 10 dips 
8. Xylene for 10 dips 
9. Mount 
10. Place in 95% alcohol for 1 min 
11. Mount 

4. Eosin A 65 combined with Gill's haematoxylin. 
1. De-wax 
2. Rinse in tap water for 10 dips 
3. Gill's haematoxylin solution for 1 min 

88 
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for 1 min 

A 65 combined with Orange G 6 
1. De-wax 

96 % alcohol for 10 dips 
OG 6 1 min 

10 
EA 2 min 
96 % alcohol for 10 

7. 96 % alcohol for 10 dips 
8. Absolute alcohol for 10 
9. Absolute alcohol for 10 
10. 10 
11. 10 
12. Mount 
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Appendix 8 

Methods the the Pap components: 

Solutions: 
1. Gill's haematoxylin 
2. OG6 
3. EA 

Technique: 
1. Pap 

1. 
exposure time all eac~ents doubled 

water for 10 
3. haematoxylin solution for 2 min 
4. water for 10 dips 

in lithium carbonate 1 min 
6. alcohol for 10 dips 
7. 6 2 min 
8. 96 % alcohol 10 dips 
9. 4 min 
10. for 10 dips 
11. 10 dips 
12.Absolute alcohol for 10 dips 
13. Absolute alcohol for 10 dips 
14. Xylene for 10 dips 
15.Xylene for 10 dips 
16. Mount 

Pap stain with the exposure time EA doubled 
1. 

10 dips 
solution for 1 min 

4. Rinse in for 10 dips 
5. Differentiate in lithium carbonate for 1 min 
6. 96 % alcohol 10 dips 

OG 6 for 1 min 
8. 96 % alcohol 10 dips 
9. EA 65 for 4 min 
10.96 % alcohol 
11.96 % 
1 

90 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendix 

Methods for the background 

1. 'Blueing' Pap 

Solutions: 
1. Gill's haematoxylin 
2. OG6 

EA65 

Technique: 
1. Pap 

1. 
methylene blue 

2. in tap water for 10 
haematoxylin solution for 1 min 
in tap water for 10 

in lithium for 1 min 
for 10 

1 min 
% alcohol for 10 

for 2 min 
% alcohol for 10 

11. Wash in tap water for 2 minutes. 
1 Counterstain in methylene blue for 10 dips. 
1 Rinse in tap water. 
14.Absolute alcohol for 10 
1 Absolute alcohol 10 
1 for 10 
1 Xylene for 10 
1 Mount 

stain with 0.5 % toluidine blue counterstain 
1. De-wax 

Rinse in tap for 10 dips 
Gill's l1aematoxylin solution for 1 min 

4. Rinse in 10 dips 
for 1 min 

% alcohol 
6 for 1 

96 % alcohol 
9. EA 65 for 2 min 
10.96 % alcohol for 10 dips 
11. Wash in tap for 2 minutes. 
1 Counterstain in 0.5% toluidine blue for 10 dips. 
1 Rinse in tap 
14. Absolute alcohol for 10 dips 
1 10 dips 
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2. heavy metals 

Solutions: 
1. Gill's haematoxylin 

OG6 
3. EA 65 
4. 

chloride 
solution 

i. iodide 2 9 
ii. Iodine 1 gm 
iii. Distilled water 100 ml 

7. Verhoeff's solution (prepare 
i. haematoxylin 20ml 
Ii. chloride 8ml 
iii. solution 8ml 

2% ClU'A'OV 

5% aqueous 
1% aqueous 

11 . Saturated u~, .. v'"" .. 

Technique: 
1. 
2. distilled water 

solution for 1 
water with 2 or 3 

,..nl' ....... I..,I.::. for 3 min (agitate 
in 

5% sodium for 1 min 
8. Wash in running tap water for 5 min 
9. Gill's haematoxylin solution for 1 min 
10. Rinse in tap for 10 dips 
11 . Differentiate in lithium carbonate for 1 min 
1 96 % alcohol 10 dips 
1 6 for 1 min 
1 % 10 
1 65 for 2 min 
16.96 % alcohol for 10 
1 Wash in tap water 2 minutes. 
1 Counterstain in toluidine blue for 10 dips. 
19. Rinse in tap water. 
20.Absolute alcohol for 10 dips 

. Absolute alcohol for 10 
Xylene for 10 dips 

for 10 
Mount 

gently) 
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Appendix 10 

Solutions: 
1. haematoxylin 
2. 

in tap water for 10 dips 
haematoxylin solution for 1 min 

4. in tap water 10 dips 
Differentiate in lithium carbonate for 1 min 

% alcohol for 10 dips 
4 

% alcohol 10 
alcohol for 10 

10.Absolute alcohol for 10 dips 
11.Absolute alcohol for 10 dips 
1 for 10 
1 for 10 
1 
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Append 11 

Specifications Cost of the Axiostar with Fluorescent Module 

Binocular microscope" Axiostar" plus 
for epi-fluorescence in combination with 
transmitted-light phase contrast 

Dust cover G 

equipment 
FL 

Filter set 09 free 
Filter set] 5 shift free 
Reflector module FL P&C 

setting, 
lever on the 

on the left, 
with iris 
long-life 

for 

unA!".'"J'''''' screen for "Axiostar" plus 

U"Ul<"'~ Number 

000000-1169-149 
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Appendix 12 

The following was originally written as part of the introductory chapter, but has been 

moved to an appendix as, although being of interest from a historical perspective, it did not 

pertain directly to the study at hand, namely that of staining techniques for identifying 

Mycobacterium tuberculosis bacilli. It is presented here as a paper on the history of 

tuberculosis. 

Tuberculosis through the Ages: A Historical Perspective of the Epidemic 

The Corridors of History 

Tuberculosis is an ancient disease that has dogged the footsteps of mankind down the 

corridors of history. It is not known when tuberculosis first affected mankind, but 

archaeological evidence places it in the realms of prehistory. The evidence takes two 

forms: skeletal changes associated with tuberculosis and depictions of morphologic 

features suggestive of tuberculosis in prehistoric art. However, this evidence can only 

suggest that tuberculosis was the underlying disease process, as there are a number of 

diseases that have similar skeletal and morphologic abnormalities to those seen in 

tuberculosis. These diseases include fungal infections, bone tumours and certain types of 

arthritis [1]. Tuberculosis of the skeletal system is rare in comparison to pulmonary and 

non-skeletal extra-pulmonary tuberculosis but internal organs are not as resistant to the 

ravages of time (even if mummified) as the skeletal system and are either no longer 

present or are too degenerate to supply convincing evidence of the disease. With this in 

mind, changes consistent with tuberculosis have been found in skeletons dating back to 

the Neolithic period, the oldest possible case being that of an adult male found near the 

German town of Heidelberg, which dates back about 7000 years to 5000 BC [2] [3]. 

Studies of Egyptian mummies [4] and skeletal remains from Jordan [5] indicate that 

tuberculosis was rife in the Middle East, particularly in the Dynastic period (starting 3400 

BC). The earliest conclusive example of tuberculosis is the mummified remains of a five-
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indication of the prevalence of scrofula during this period, as King Charles II of Britain is 

said to have touched ninety-two thousand people suffering from the disease between 1662 

and 1682, an average rate of 90 patients a week [6]. John Locke, a diarist, philosopher, 

statesman and physician reported that twenty percent of all deaths in London in 1667 were 

due to tuberculosis [10]. It was at this time that English writer John Bunyan called 

tuberculosis, "the captain of all these men of death" in his book The Ufe and Death of Mr. 

Badman. 

The western world was not alone in its grief. The voyages of discovery in the 15th century 

undertaken by men such as Christopher Columbus heralded an influx of European 

explorers, traders and colonisers into the 'New World'. They brought with them their 

diseases. Small pox, syphilis and 'consumption' swept throUgh and devastated the 

indigenous populations of the Americas, Australia, Southern and Western Africa and the 

Far East At the height of colonisation, it was noted that the indigenous peoples were 

particularly prone to developing 'galloping consumption' - rapidly progressive tuberculosis. 

Urbanisation 

In both Europe and the colonies, with the advent of the industrial revolution, there was 

migration of people from rural areas to the cities. This tide of humanity swamped the ill­

equipped cities, resulting in poor hygiene, malnutrition, over-crowding and general 

deprivation. Tuberculosis spread unchecked. The tuberculosis epidemic reached its peak 

in Europe in approximately the year 1815. It was at this time that Thomas Young estimated 

that one-fourth of the European population were suffering from 'consumption'. 

In 1857, at the peak of the tuberculosis epidemic in North America, the Channing Street 

shelter for tuberculosis patients was opened in Boston by Harriet Ryan. In 1859 Herman 

Brehmer, a Prussian physician, opened the first tuberculosis sanatorium in the Silesian 
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In 1882 Robert Koch, a German pathologist, discovered 
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later. The drug underwent rigorous clinical trials and gained massive support. Waksman 

received the Nobel Prize in 1952 for his discovery. By 1953, it is estimated that 

Streptomycin formed the subject of ten thousand scientific papers and twenty books [6]. 

The drug became fondly known as the magic bullet. 

The magic did not, however, last for not only did streptomycin induce severe and often 

poorly tolerated side effects, but resistant strains of M. tuberculosis soon started to 

emerge. In the ensuing hunt for additional agents, thioacetazone and para-aminosalicylic 

acid (PAS) emerged. It was a derivative of these, isonicotinic hydrazide (isoniazid or INH) 

that soon proved to be ten times more effective against tuberculosis in laboratory studies 

than any drug described so far. In addition, it was an oral agent whereas streptomycin had 

to be administered via injection or infusion. In 1952 the trial of isoniazid got underway in 

Sea View Hospital, New York with dramatic results [11]. Isoniazid proved to be rapidly 

acting, well tolerated and extremely effective in the treatment of all forms of tuberculosis. It 

soon became the first-line agent for both the treatment of the disease and in TB 

prophylaxis. 

In spite of the success of INH, the search continued for anti-tuberculosis drugs. The next 

breakthrough was in 1957 when rifamycins were isolated from the fungus Streptomyces 

mediterranei, at the Lepetit laboratories in Italy. These agents were modified into the oral 

agent rifampin. This too proved a highly effective agent [12, 13]. 

The oral agents were not only effective, they were easy to administer. In fact it is as a 

result of these agents that the sanatorium movement went into rapid decline [6, 7]. 

Prevention is Better than Cure 
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In 1796 William Jenner used cowpox to perform the first vaccination for smallpox and, 

almost a century later, in 1885, Louis Pasteur successfully immunized Joseph Meister 

against rabies. Five years later, in 1890, Koch produced tuberculin, an extract of broth 

cultures of M. tuberculosis. This substance, he claimed, halted tuberculosis in Guinea pigs, 

and he postulated it would do the same in humans - a theory that was not borne out. 

However, tuberculin was used in1906 in a diagnostic skin test for tuberculosis by an 

Austrian physician, Clemens Freiherr Baron von Pirquet. Mantoux modified this test two 

years later. In 1902, Edmond Nocard isolated another strain of mycobacterium, M.bovis, 

from the udder of a tuberculous cow. It was this strain that was used in 1913 by Leon 

Charles Albert Calmette and Jean Marie Camille Guerin to develop a vaccine that was 

effective in preventing bovine tuberculosis. This vaccine, known as the Bacille Calmette­

Guerin (BCG). was first administered to a human subject in 1921. The League of Nations 

certified the BCG safe for human use in 1928. A number of trials of the vaccine were run in 

the inter-war years, including the Aronson BCG trial, but it was after the Second World 

War and the successful implementation of a country-wide vaccination program in Poland, 

that BCG started to be used more widely. In 1947 Johannes Holm implemented a joint 

UNICEF and World Health Organisation (WHO) tuberculosis control program for Europe in 

which the BCG vaccine played an important role. Following the success in Europe, many 

countries (not including the United States) started to include BCG in their vaccination 

campaigns [6]. 

The BCG vaccine had gained widespread support, but there was also widespread 

scepticism. A preliminary trial based in Georgia, USA, in which more than 11 thousand 

school children were vaccinated, showed no beneficial effect [14]. 1968 saw the start of 

the largest ever trial of the BCG vaccine which took place in the Tamil Nandu district of 

South India, in which more than a quarter of a million subjects were vaccinated. The 

results were less than encouraging, showing again that BCG offered no protective effect 
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A task team - the Kaposi's Sarcoma and Opportunistic Infections (KSOI) Task Force - was 

set up by the CDC to investigate this new epidemic that appeared to affect, almost 

exclusively, the gay population. Within three months they had identified 108 patients 

showing similar features [20]. 

This 'new disease' was recognised as an acquired immune deficiency, probably caused by 

a virus (thought initially to be CMV [17] or Epstein-Barr virus (EBV) [20] and was gives the 

name Acquired Immune-Deficiency Syndrome (AIDS). By August 1983, over one thousand 

cases had been reported in the USA [6]. 

In 1983, a French team of virologists at the Pasteur Institute isolated a strain of retrovirus 

from a lymph node of a patient showing symptoms consistent with early AIDS Related 

Complex (ARC). The virus showed features similar to, but distinct from, the recently 

described Human T-cell Leukaemia Virus (HTLV) types I and II. It was concluded that this 

virus belonged to a general family of T -Iymphotropic retroviruses that are horizontally 

transmitted in humans and may be involved in several pathological syndromes, including 

AIDS [21]. The virus was given the name lymphadenopathy associated virus (LAV) and 

later immune deficiency associated virus (lDAV). In 1984, an American group headed by 

Robert Gallo, identified a retrovirus they designated HTLV-Ul, in the saliva, serum, blood 

and lymph nodes of patients with AIDS/ARC [22], which was later proved to be identical to 

LAV. In May 1986 the virus was designated the Human Immunodeficiency Virus (HIV) by 

an international commission on virological nomenclature [23]. Following the identification 

of the virus, causation was soon proven and serological tests became available. 

In 1985, Serwadda reported the emergence of a disease in Uganda that was affecting 

predominantly young, sexually active males and females, and presented with features 

similar to those described in AIDS cases from the USA [24]. This 'new' disease was 

termed 'slims disease' by local health workers. Serwadda noted that it was strongly 
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has had a major impact on the control of the spread of the disease. In spite of this, MDR-

TB remains a major global problem [42, 43]. 

Conclusion: 

Tuberculosis is an ancient disease that has dogged the footsteps of humankind down the 

corridors of history. It appears to have been transmitted to humankind as a result of 

domestication of cattle. Tuberculosis is a chronic disease and as such has not been given 

the recognition of the rapidly fatal "plagues" such as the black death, smallpox, cholera, 

malaria and the like, but its relentlessly fatal course earned "consumption" the title of 

"captain of all these men of death" from John Bunyan in the 1 ih century. 

Urbanisation and the colonisation of the New World increased the incidence of 

tuberculosis. In spite of the gains made in the treatment of the disease in sanatoria, with 

the advent of pharmacological anti-tuberculosis drugs and mass vaccination programs, the 

advent of the AIDS era has seen a massive surge in the numbers of individuals infected 

with the disease. It was estimated that in the year 2000, one third of the world's population 

was infected with the disease [44]. The main burden of this disease is carried by the 

developing countries and South Africa falls squarely into this category. 
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