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I n  underdeveloped countries, laboratory faci l i ties for the bacterio
logical d iagnosis of tubercu losis are, at present ,  very l imited . 
Cultural methods are un l i kely to be used on a large scale for many 
years to come. It is ,  therefore, important to investigate the most 
economical method of examin ing smears for tubercle baci l l i .  
Fluorescence microscopy was introduced by  H agemann ( 1 937) and 
has since been described by many authors, incl uding Tan ner ( 1 94 1 ,  
1 948), Line and Shaughnessy ( 1 94 1 ), Lempert ( 1 944), Norman and 
Jelks ( 1 945), Clegg and Foster-Carter ( 1 946), Wilson ( 1 952), Von 
Haebler and Murray ( 1 954), and Needham ( 1 957). The great advan
tage claimed for th is  method i s  that stained baci l l i  can be detected 
using a much lower magnification than with the usual Ziehl-Neelsen 
method. Considerable t ime is  saved i n  examin ing smears and larger 
areas can be searched.  The method has not been widely employed for 
two reasons. I n  the first place, the l ight source must be very bright 
and many of the optical systems described previously have only 
supplied sufficient light if  the equipment was used in a darkened 
room. Secondly,  some workers (R itterhoff and Bowman, 1 945 ; 
Kuster, 1 939 ; Ho lm and Plum, 1 943) consider that false positive 
results can be obtained, s ince some smears may contain small 
natural ly fluorescent particles which can be confused with bacil l i .  

Equipment for fluorescence microscopy that can b e  used in 
normal daylight has been in  use at  t he Tuberculosis Chemotherapy 
Centre ,  Madras, for over two years. When it was first introduced, 
a comparison between this method and the . convent ional Ziehl 
Neelsen method was undertaken to test  their relative sensitivities, 
and to see whether fluorescence microscopy yielded false posi t ive 
results. The results  of this  comparison are described . 

Methods 

Fluorescence microscopy:  Equipment.-The l ight source was a 
Zeiss  mult i -purpose microscope lamp lIT and lamp holder containing 
an Osram maximum pressure mercury vapour  lamp, H B074, 
operating from a mains connecting device. A heat-absorbing  fi l ter, 
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and an exci ter fi l ter, BG 1 2 , were fitted to t he microscope lamp. A 
mounted eyepiece barrier fi l ter, OG 5, was attached to t he draw tube 
of t he Olympus monocular microscope . The microscope was 
equipped with a Watson 1 6  m m .  X 1 0  semi-apochromatic objective, 
a 4 mm.  X 40 parach romatic object ive for "uncovered specimens",  
a X 10  compensat ing  eyepiece and a diamond objective marker .  The 
usual parachromatic 16 mm.  and 4 mm.  objectives suppl ied as 
standard eq u i pment for most m icroscopes could be used with on ly  
s l ight ly  less  sat i sfactory resu l ts .  

Staining (Lempert, 1 944) 
Auramine phenol. -Dissolve phenol crysta ls ,  30 g. in one l i t re of 

dist i l led water. Warm to 40°C.  and add auramine 0.3 g. , shaking 
vigorous ly .  Fi l ter and store i n  a dark bott le .  

Acid-alcohol,-Dissolve sod ium chlor ide ,  20 g.  and concentrated 
hydrochloric acid, 20 c.c. in 500 c.c. dist i l led water. Add 74 O. P. 
alcohol , 1, 500 c .c .  

Potassium permanganate.-O.I % (w/v) i n  water. 
Smears were heat fixed , stained for 6 m in utes with auramine

phenol  without heat ing,  washed , decolourized with acid-alcohol for 
2 minutes, washed and counter-stai ned wi th  potassi um permanganate 
for 30 seconds .  

Ziehl-Nee/sen microscopy .-The Ziehl -Neelsen procedure was a 
standard one (Mack ie  and M cCartney, (956) , in which malachite 
green was used as a counter-stain .  Smears were examined with a 
X 7 eyepiece and a 2 rom. X 1 00 oi l- immersion object ive. 

Culture .-Sputum was treated for 1 5  m inutes with about 4 times 
i ts volume of 4% sodium hydroxide. After centrifuging for 1 5  
min utes, the supernatant was d iscarded . Dist i l led water was added 
to t he deposi t  and after further centr ifuging two 5 mm.  loopfu l s  of the 
depos i t  were added, one to each of two s lopes of Lowenstein-Jensen 
med ium .  The cu l tures were incubated for 8 to 9 weeks  before being 
considered negative. 

Sputum specimens.-A consecutive series of 1 ,383  sputum 
specimens t hat were cultured were examined by both smear methods. 
Of t hese, 98 1 (70.9%) were from patients who were not receiving 
chemotherapy. The remain ing  402 (29. 1 %)  were from patients during 
their first 6 months of chemotherapy, almost a l l  wi th isoniazid and 
PAS.  

Comparison of fluorescence and Ziehl-Neelsen microscopy.
Dupl icate smears were made from each sputum specimen before 
t reatment with sod ium hydroxide.  One was examined by fluorescence 
microscopy and the other after Ziehl-Neel sen staining by different 
technic ians read ing  independently of each other. The resu l t  obtai ned 
by one method was recorded without knowledge of the resu l t  by the 
other method . The techn icians  who carried out the exami nations had 
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some experience of Zieh l - Neelsen sta ins ,  but l i t t le of fluorescence 
microscopy. The resu l ts  analysed are those obtai ned before check ing 
by a sen ior  member of the laboratory staff, and are,  therefore, typical 
of the standards that reasonably competept techn icians can obtai n .  

Pos i t ive smears were graded into three degrees o f  pos i t iv i ty, 
"scanty", "m oderate", and "heavy". No part icular attempt was 
made to ensure that t hese categories were ident ical for the two smear 
methods.  A smear was cal led posi t ive when i t  contained a min imum 
of 3 or 4 acid-fast baci l l i  of typ ical morphology. 

Results 

The smear and cu l ture resu lts on the 1, 383 sputum specimens are 
given i n  the Table .  Posi t ive cu l tures were obta ined from 655 (47.4%) 
of the speci mens,  and among these, 405 (29 . 3% of t he total spec imens) 
were posi t ive by both smear methods, 36 (2 .6%) by fluorescence 
microscopy on ly and 28 (2.0%) by Zieh l -Neelsen microscopy only .  
The remain ing 1 86 cu l ture-posit ive spec imens  were negative by both 
methods. Th us, fluorescence microscopy yie lded a s l ightly larger 
number of pos i t ive smear resu l ts  which were confirmed by cu l ture,  
but the d ifference is not  stati s t ica l ly  s ignificant .  

TABLE 
Smear and culture results on 1 , 383 sputum specimens 

SMEAR RESULT: SPECIMENS: 
Culture 
result. Fluorescence Ziehl -

m icroscopy . Neelsen Num ber. Percentage .  
microscopy. 

-----

r' 
Pos .  405 29. 3  

Positive 
Pos. Neg.  36 2 .6  
Neg. Pos .  28  2.0 
Neg. Neg. 1 86 1 3 .4 

r 
Pos . I I  0.8 

Negative 
Pos. Neg .  4 0.3 
Neg. Pos .  3 0 .2  
Neg. Neg. 68 1 49 . 3  

--
Contaminated . . .  . . .  29 2. 1 

Total . . . . . . 1 , 383 1 00.0 

Among the 699 cu l ture-negative specimens posi t ive smears were 
found in 1 8  ( 1 . 3 %  of a l l  specimens) .  Of these, the smears were 
pos i t ive by both methods in 1 1  (0 .8%) in stances, leaving 4 (0. 3%) 
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which were posi t ive by fluorescence microscopy only and 3 (0. 2%) by 
Ziehl-Neel sen microscopy only .  These resul ts  show t hat fluorescence 
microscopy did not y ield smear-posi t ive, cul t ure-negative speci mens 
(wh ich might ind icate fal se pos i t ive results) more freq uently than d id  
Ziehl -Neel sen microscopy. 

From these figures, it will be seen that d i screpant results with the 
two methods were more freq uent in positive smears from cul ture
negative specimens (39% of 1 8  spec imens) than from cul ture-posit ive 
specimens ( 1 4% of 469 spec imens) .  This  find ing suggests that the 
excess with culture-negative specimens may be d ue to false pos i t ive 
smear results with one or both methods. H owever, the chance of a 
d i screpant result was greater with a scanty pos i t ive than with a more 
heavily pos i t ive smear, and scanty pos i t ive smears were very m uch 
commoner in  culture-negative t han i n  culture-positive spec imens .  
The effects of this association may be taken i nto acco unt ,  and thus 
the possibi l ity that there were fal se positive smear results with 
culture-negative spec imens may be studied more preci sely, in the 
fol lowing manner: Consideri ng Ziehl-Neel sen microscopy first, 
there were 225 scanty positive smears i n  culture-positive spec imens ,  
and of these 27 ( 1 2 .0%) were smear-positive by th is  method alone .  
Apply ing the same proport ion to t he 14 scan ty positive smears in  
cul tu re-negative speci men s (all 14  of the  Zieh l-Neel sen positive 
smears were scanty pos i t ive), the expected n umber of smears positive 
by Ziehl-Neelsen microscopy alone would have been 1 . 7 ( i . e .  1 2 .0% 
of 1 4); the number actually found  was 3 .  A calculat ion on  s imi lar 
l i nes s hows that the expected number of specimens y ielding  smears 
pos i t ive by fluorescence m icroscopy alone would be 2.4, whereas 
4 were found.  The d ifference between the numbers found and expected 
are small ,  and s imilar for both smear methods .  Thus,  there is aga in  
no evidence that  false smear-posit ive results were being  found among 
the cul ture-negat ive specimens by fl uorescence microscopy. 

Among sputa which yielded positive cultures, the percentages 
yield i ng negative, scanty, moderate and heavy smear gradi ngs were 
33.9 ,  34.4, 2 1 . 5 and 1 0.2  by Zieh1-Neelsen m icroscopy, and 32 . 7 ,  
25 . 5 ,  29 . 5  and 1 2.4  by fluorescence m icroscopy.  These data  show a 
tendency for fluorescence m icroscopy to yield sl ightly higher grad i ngs.  
Considering these specimens which were posi t ive by only one of the 
smear methods, moderate gradi ngs were ass igned to 3 of the 36 
smears positive by fl uorescence m icroscopy only; and to I of t he 
28 smears positive by Ziehl -Neelsen m icroscopy only; the remainder 
were graded as scanty .  Thus,  tak ing  i n to accoun t  t he overal l  results 
of the grad ing  of all culture-positive specimens,  t here was a s im ilar 
di str ibut ion of smear posit iv i ty  among t hose pos i t ive by only one 
smear method . These results from specimens proved positive by 
cul ture suggest that  fluorescence m icroscopy i s  no more l i kely to 
yield fal se negative results than . i s  Ziehl-Neel sen microscopy. 
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Discussion 

Our comparison has shown that fluorescence microscopy reveal s  
posi t ive smears as often as  does Zieh l -Nee l sen microscopy. M oreover, 
there i s  no  evidence that i t  y ie lds any appreciable n u m ber of fal se 
posit ive or fa l se negative resu l t s .  The main advantage of fluorescence 
microscopy is a very great sav ing of t ime i n  the preparat ion and 
examinat ion of smears. The area of the s l ide included in one field i s  
about  50 t imes larger than wi th Ziehl-Neel sen microscopy, so that 
fewer fields  need to be examined.  Furthermore, t he stain ing  procedure 
is s impler, s ince no heat ing is req u i red, and there i s  no need to use 
immersion o i l  during microscopy. I n  practice, the preparat ion ,  
stain ing  and examination of 1 00 smears i s  less  t han a day's work for 
one technician and their  examinat ion a lone can eas i ly  be done i n  
2 hours .  T n  comparison,  t he  preparat ion and examinat ion of t he 
same number of smears takes at least twice as long if they are stained 
by the Zieh l -Neelsen method and examined with an oi l - immersion 
lens .  A second advantage i s  the saving in i ni t ial cost of equipment . 
A busy laboratory might requ ire two microscopes for Ziehl-Nee lsen 
microscopy but could examine the same n umber of smears by 
fluorescence microscopy wi th one .  The cost of the addit ional  eq u ip
ment for t he latter method is less t han the cost of a n  add i t ional  
microscope. The cost of replacing the mercury vapour  lamps i s  m uch 
less than the salary of a technician . 

Although fluorescence microscopy has the advantage of speed 
and cheapness, i t  requires more skill for its operat ion .  The optical 
equipment needs careful  adjustment to get maximum l ight trans
mission and i t  is ,  t herefore, advisable to clamp the lamp holder and 
microscope permanent ly  in  posi t ion on the bench . I f  the electrical 
supply i s  i nterrupted t he lamp cannot  be rel i t  for at l east 3 hours 
after; Thus,  i t  i s  necessary to have a spare lamp and to be able to 
change i t  easi ly .  Sk i l l  is also requ i red to dis t inguish with certa inty 
acid-fast baci l l i  from other sma l l  natura l ly  fluorescent  particles 
present  i n  some smears. When first us ing fluorescence microscopy, 
i t  i s  necessary to examine al l  small fluorescent objects seen both with 
the X 1 0  and x 40 objectives . Wi th  practice i t  becomes possible to 
d i st inguish baci l l i  with a fair  degree of certainty under t he x 1 0  
objective only,  s o  that almost al l  negative smears can b e  examined 
with this objective only. However, i t  i s  always necessary to confirm 
the bacil lary morphology with the higher power when the smears are 
scantily positive. Fina l ly ,  if  any doubt remains,  i t  i s  possible to ri ng  
i ndividual suspicious objects wi th  the  diamond objective marker, 
then re-sta in ,  over' t he fl udrescence stain ,  by t he Ziehl-Neelsen 
method, and examine with an oi l -immersion lens. When smears are 
being examined by techn icians, it is wise for a more sen ior  member 
of t he s taff to check t hose that are j udged to be posit ive. This on ly  
takes a few min utes each day,  whe.reas check ing of Zieh l -Neelsen 
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posi t ives would take m uch longer. 
Fluorescence m icroscopy can be recommended for t he larger 

laboratory that examines at least 40 direct smears a day and where 
some supervis ion of the work of technicians is possible .  U nder t hese 
c ircumstances, i t  saves time and t he in i t ial cost of equipment .  For the 
smal ler laboratory it cannot be recommended so freely, s i nce t he 
need for greater  sk i l l  in i t s  use might lead to poor resul ts .  

Summary 

The eq uipment and method for the examination of smears for 
tu bercle baci l l i  by fluorescence m icroscopy is descri bed . A comparison 
with the convent ional Zieh l -Neelsen method on 1 , 383  rout ine  sputum 
speci mens which were also cul tu red showed that fluorescence 
microscopy y ielded as many posi t ive smears and had no tendency to 
produce fa l se posi t ive or fal se negat ive resu l ts .  The met hod can be 
recommended for the larger laboratory as economical i n  t ime and 
in i t ia l  expense. 

References 
CLEGG, J . W . ,  and FOSTER-CARTER, A. F. ( 1 946) Bril. Jour. Tllberc. ,  40, p. 98. 
VON H AEBLER, T . ,  and M U RRAY, J . F. ( l 954) S. Afr. Med. JOllr. ,  28, p. 45 . 
H AGEMANN, P. ( 1 937) DIsch . Med. Wschr. ,  63, p. 5 1 4. 
HOLM, J . ,  and PL UM, N .  ( l 943) A cla. Tllberc. Scand. , 1 7. p. 1 3 . 
KUSTER, H .  ( 1 939) DIsch . Med. Ws.chr. , 65, p. 92 .  
LEMPERT, H.  ( 1 944) Lancel, 247, p .  8 1 8 . 
LIND, H .  E . ,  and SHAUGHNESSY, H .  J . ( 1 94 1 ) JOllr. Lab. c/in. Med. , 27, p. 531 . 
MACKIE,  T. J . ,  and M CCARTNEY ( 1 956) " H andbook of Practica l  Bacteriology" , 

London, p. 95.  
N EEDHAM, G .  M. ( 1 957) Proc. Mayo Ciin. ,  32, p. 1 .  
NORMAN, W. A. , and JELKS, F.  W .  ( 1 945) BII/{. Insl. Med. Lab. Tech . , 1 1, p. 37.  
R JTTE RHOFF, R. J . ,  and BOWMAN, M. G .  ( 1 945) Amer. JOllr. elin. Palh. ,  i:;, 

p .  39. (Techn.  Sect.) 
TANNER, F. H. ( 1 941) Proc. Mayo C/in ., 1 6, p. 830. 
TANNER,  F. H .  ( 1 948) Amer. Jour. Med. Technol. ,  14, p. 83 .  
WI LSON, H .  M. ( 1 952) A mer. Rev .  Tllberc. ,  65. p. 709. 




