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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. 
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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. 

31 



Univ
ers

ity
 of

 C
ap

e T
ow

n

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 

38 



Univ
ers

ity
 of

 C
ap

e T
ow

n

.. 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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