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Abstract.

Poor laboratory equipment and few human resources have made it difficult to implement microscopic diag-

nosis of pulmonary tuberculosis (TB) on a large scale basis worldwide. Three hundred sputum samples from patients in
Cameroon were studied by using the CyScope®, a new light-emitting, diode-based, fluorescence microscope, to compare
auramine-rhodamine fluorescence with the conventional Ziehl-Neelsen staining method. Five fluorescence protocols
were tested to reduce manipulation time. Smear positivity for acid-fast bacilli with the Ziehl-Neelsen staining method was
27.7% (83 of 300) compared with 33.3% (100 of 300) with the fluorescent method. Staining time with the modified fluo-
rescence protocol could be reduced from 21 minutes to 10 minutes. This study confirmed that the fluorescence staining
method is more sensitive than the Ziehl-Neelsen staining method. It is suggested that the training of laboratory techni-
cians on fluorescence microscopy should be scaled up for increased disease control.

In the context of human immunodeficiency virus/acquired
immunodeficiency syndrome pandemics, tuberculosis (TB) is
the most common opportunistic infection. More than 9 mil-
lion cases in 2007 were found in Africa and Southeast Asia.!
The absence of accurate diagnostic techniques constitutes a
serious hindrance in the strategy of TB control in Africa.? The
increase of false negative-smear pulmonary TB is highlighted
as one of the main reasons for the upsurge of this disease dur-
ing the past decade in poor countries.?

In an effort to improve methods to diagnose pulmonary
tuberculosis, the World Health Organization has encour-
aged the development of simplified and accurate diagnos-
tics, such as fluorescence microscopy for early detection
of Mycobacterium tuberculosis in sputum.* The CyScope®
(Partec, Gorlitz, Germany) belongs to a new generation of flu-
orescence microscopes that use light-emitting diodes (LEDs)
as a light source.’ It can be plugged into an ordinary electrical
outlet or operated with a built-in rechargeable battery. It is
equipped with a high power Royal Blue LED (wavelength =
455 nm) for incidence fluorescence excitation and a white light
LED for transmitted light. The LED fluorescence microscope
provided similar results as standard mercury vapor lamp fluo-
rescence microscope at a much lower cost.® In this study, we
used the LED fluorescence microscope CyScope® for TB diag-
nosis and investigated different staining procedures to shorten
the handling time for samples.

During August-November 2009, 300 sputum samples were
collected from patients in Cameroon with suspected pulmo-
nary TB or patients receiving treatment. The age range of the
patients was 2-74 years. Two slides were prepared from the
same specimen for direct sputum smears by using the uncon-
centrated specimens in the solid or most dense particles of
the sputum.” The smears were dried in air and heat-fixed.
Staining was classically processed as described by the World
Health Organization and the International Union Against
Tuberculosis and Lung Disease. A solution with 0.3% basic
fuchsin (pararosaniline chloride with 88% P1528 dye; Sigma,
St. Louis, MO) was heated to the steaming point, decolorized
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with 25% sulfuric acid, and counterstained with 0.3% methyl-
ene blue.”$

The fluorescent method of Degommier® was applied. The
staining reagent Tb-fluor (Merck, Darmstadt, Germany) was
used according to the manufacturer’s procedure. Briefly,
smears were stained with auramine-rhodamine, rinsed with
tap water, decolorized with HCl-isopropanol, and counter-
stained with KMnO,. Five protocols with variable staining and
counterstaining durations were used to establish overall mini-
mal staining time with the fluorescent dye. (Table 1).

Acid-fast-stained smears were colored by a variety of pro-
tocols and observed on the CyScope®. This microscope uses
white light and fluorescence. When the fluorescence function
was turned on, the acid-fast bacilli were visualized at magnifi-
cations of 200x and 400x. Their number in the expectoration
fluid was related to the sample contagiousness, and the result
was expressed quantitatively.!’

Solid Lowenstein-Jensen medium containing pyruvate was
considered as the gold standard*!®!! for samples with discrep-
ant microscopic results. Each sputum sample was liquefied
and decontaminated with 3% sodium laurylsulfate and 1%
NaOH and neutralized with H,SO,-bromocresol purple solu-
tion."”? Two slants of Lowenstein-Jensen medium were simulta-
neously inoculated with each specimen and incubated at 37°C
for 8 weeks. Identification of TB strains was based on growth
rate and colony morphology.'®

Data were analyzed by using the database/statistical pack-
age SPSS version 10.0 (SPSS Inc., Chicago, IL). The chi-square
test and proportion test for a binomial distribution were used
to compare differences between the fluorescent method and
the Ziehl-Neelsen method. Statistical analysis was conducted
with a 5% significance level.

A total of 300 sputum specimens were included in the
study. Of these specimens, 17 (6% ) of Ziehl-Neelsen—negative
samples were positive under by the fluorescent method and
confirmed by Lowenstein-Jensen culture (Table 2). Smear pos-
itivity for acid-fast bacilli with the fluorescent method (33.3%,
100 of 300) was higher than with the Ziehl-Neelsen method
(27.7%, 83 of 300), but the difference between the two meth-
ods showed borderline significance (P = 0.06). The relationship
of smear-positive results between the two methods showed
that a scanty result was more common with the fluorescent
method (Table 3). The modified protocols of Degommier made
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TaBLE 1
Protocols for auramine-rhodamine fluorescence staining

Steps (minutes)

Auramine- Hydrochloric acid Potassium
Protocols rhodamine and isopropanol permanganate Duration (minutes)
1 15 1 5 21
II 10 5 16
111 10 1 1 12
v 8 1 1 10
\% 4 1 1 6

it possible to obtain a qualitative assessment of the samples
(Table 4). Our results confirmed that the fluorescence staining
method is more sensitive than the Ziehl-Neelsen method, par-
ticularly for cases of paucibacillary TB.!14-17

Although this study did not evaluate the influence of con-
current HIV infection on the diagnostic capabilities of LED
fluorescence microscopy, we presume that the sensitivity
in a person with a co-infection would be improved because
smears are often reported as negative because of a low bacil-
lary content.!161820 Mycobacterial culture with Lowenstein-
Jensen medium is not used for routine diagnosis of TB but it
is still considered a gold standard even though this method
is time-consuming.'*!82! Culture with Lowenstein-Jensen
medium was only used to determine discrepancies. The flu-
orescence method is already known for its better sensitiv-
ity compared with the Ziehl-Neelsen method. In previous
comparisons between the fluorescent method and the Ziehl-
Neelsen method, specimens with positive smear results and
negative culture results were considered false-positive results
likely because of dead mycobacteria or fluorescent artifacts."
Thus, microscopy has an important role in the diagnosis of pul-
monary TB.

The high sensitivity of fluorescence microscopy is caused by
increased contrast between the stained bacilli and the back-
ground, which makes the bacilli more visible.""'* Acid-fast
bacilli appear as bright yellow rods against a dark background
under the CyScope® microscope. Slides can be examined at
a lower magnification, enabling observation of a much larger
area per unit of time. Fluorescence microscopy requires only
two minutes to examine an area; 10 minutes are needed with
bright-field microscopy.'®!3 Although using lower magnifi-
cation to screen for bacilli may occasionally lead to artifacts
being identified as positive, we did not encounter this problem.
Staining of artifacts can be reduced by using either phenol or
KMNO, as a counterstain. However, the use of low magnifi-
cation may increase the proportion of artifacts in the fluores-
cence method, but this risk can be reduced by using higher
magnification and immersion oil. It has been suggested that
the addition of phenol satisfactorily reduces fluorescent arti-
facts.”? The use of KMNO, as a counterstain has also been
reported to greatly reduce staining artifacts.”

TABLE 2
Comparison of the Ziehl-Neelsen method with the fluorescent method

TABLE 3

Comparison of type of positive results for Ziehl-Neelsen method and
fluorescent method*

Ziehl-Neelsen method, Fluorescent method,
Y

Result no. (%) no. (%) P
Scanty (1-19 AFB/length) 16 (19.3) 31(31) 0.10
1+ (20-199 AFB/length) 38 (45.8) 36 (36) 0.23
2+ (5-50 AFB/field) 7 (8.4) 8(8) 1
3+ (> 50 AFB/field) 22 (26.5) 25 (25) 0.95
Total 83 (100) 100 (100)

* AFB = acid-fast bacilli.

High costs and difficulties in maintenance were the main
factors against use of fluorescence microscopy in developing
countries.!1%? Nevertheless, new microscopes equipped with
LEDs appeared more durable and less expensive. The LED
source is known to last several thousand hours, making the
fluorescent technique more accessible’>*?* The CyScope® also
has useful features for laboratory and field work in developing
countries because it has a rechargeable batteries that provide
six hours of use without the need for electricity. Moreover,
it does not require a darkroom because of the high LED
power.

The modified protocols of Degommier enabled reduc-
tion of staining time to approximately 10 minutes. Successful
reduction of the staining time by approximately 50% in our
protocol can be useful to laboratory technicians when the
workload is high. Although fluorescent acid-fast bacilli were
observed, these protocols showed the most satisfactory results
(brightness of fluorescent tubercle bacilli and image con-
trast). The shortest modified protocol of six minutes showed
poor contrast because of weak fluorescence of the acid-fast
bacilli.

This study confirmed that the auramine-rhodamine fluo-
rescent staining method is more sensitive than the conven-
tional Ziehl-Neelsen method. It also showed that the staining
time can be reduced approximately 50% without losing qual-
ity staining. Moreover, the compact CyScope® fluorescenct
microscope is a reliable tool for TB diagnosis and does not
require a darkroom. The longevity of auramine-rhodamine—
stained slides is short but the images can be obtained by using
a universal serial bus cable. Because the CyScope® has a
rechargeable battery, it is useful for field work in remote areas.
Our results and the recent development of other LED fluo-
rescence microscopes imply the necessity to rapidly enhance
the training of laboratory technicians on these novel tools for
better disease control.
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TABLE 4
Qualitative data of modified protocols for the fluorescent method

for the detection of acid-fast bacilli Modified protocol Background Fluorescent bacilli Contrast

Ziehl-Neelsin method, Flunresceng method, 1 Black Bright yellow Good

Outcome no. (%) no (%) i I Black Bright yellow Good

Positive 83 (27.7) 100 (33.3) 0.06 111 Black Bright green-yellow Good

Negative 217 (72.3) 200 (66.7) v Black Bright green-yellow Good
False-negative 17 (6) 0 <0.001 A% Black-brown Pale yellow Poor




908

Financial support: This study was supported by the International
Society for Health Research and Training, Douala, Cameroon.

Authors’ addresses: Leopold G. Lehman, Faculty of Science, University
of Douala, Douala, Cameroon, E-mail: Iblehman@yahoo.fr. Arlette
L. Ngapmen Yamadji and Charles F. Bilong Bilong, Department of
Animal Biology and Physiology, Faculty of Science, University of
Yaoundé I, Yaoundé, Cameroon, E-mails: arlette2007linda@yahoo
Ar and bilong_bilong@yahoo.com. Frangoise Ngo Sack, Faculty of
Medicine and Pharmaceutical Sciences, University of Douala, Douala,
Cameroon, E-mail: nsackmakak@yahoo.fr.

10.

REFERENCES

. World Health Organization, 2009. Global Tuberculosis Control:

Epidemiology, Strategy, Financing: WHO Report 2009. Geneva:
World Health Organization, WHO.HTM/TB/2009.411.

. Sohn H, Minion J, Albert H, Dheda K, Pai M, 2009. TB diagnostic

tests: how do we figure out their costs? Expert Rev Anti Infect
Ther 7: 723-733.

. Harries AD, 1998. An approach to the problems of diagnosing and

treating adult smear-negative pulmonary tuberculosis in high-
HIV-prevalence settings in sub-Saharan Africa. Bull World
Health Organ 76: 651-662.

. Getahun H, Harrington M, O’Brien R, Nunn P, 2007. Diagnosis of

smear-negative pulmonary tuberculosis in people with HIV
infection or AIDS in resource-constrained settings: informing
urgent policy changes. Lancet 369: 2042-2049.

. Gohde W, 2008. A Fluorescence-Based Rapid Malaria Test for

Resource-Constrained Areas. Clinical Laboratory International
32 (5). Available at: http://dev.cli-online.com/feature-articles/
clinical-laboratory-articles/-6ec76ad800/index.html. Accessed
July 30,2010.

. Mizuno K, Chikamatsu K, Aono A, Azuma Y, Yamada H, Mitarai

S,20009. Clinical evaluation of acid-fast smear examination with
light emitting diode fluorescent microscopy. Kekkaku 84:
627-629.

. World Health Organization, 1998. Laboratory Service in Tuber-

culosis Control. Part II. Microscopy. Geneva: World Health
Organization.

. Angra P, Becx-Bleumink M, Gilpin C, Joloba M, Jost K, Kam KM,

Kim SJ, Lumb R, Mitarai S, Ramsay A, Ridderhof J, Rieder HL,
Selvakumar N, 2007. Ziehl-Neelsen staining: strong red on weak
blue or weak red under strong blue? Int J Tuberc Lung Dis 11:
1160-1161.

. Degommier J, 1959. Fluorescence and relative acid-alcohol resis-

tance of tubercule bacillus [in French]. Ann Inst Pasteur 96:
723-733.

Ait-Khaled N, Enarson D, 1999. Tuberculose: Manuel pour les
Etudiants en Médecine. Geneva: World Health Organization,
WHO/CDS/TB/99.272.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

LEHMAN AND OTHERS

Githui W, Kitui F, Juma ES, Obwana DO, Mwai J, Kwamanga D,
1993. A comparative study on the reliability of the fluorescence
microscopy and Ziehl-Neelsen method in the diagnosis of pul-
monary tuberculosis. East Afr Med J 70: 263-265.

Gebre N, Karisson U, Jonsson G, Macadem R, Wolde A, Assefa A,
1995. Improved microscopical diagnosis of pulmonary tubercu-
losis in developping countries. Trans R Soc Trop Med Hyg 89:
191-193.

Noeske J, Dopico E, Torrea G, Wang H, Van Deun A, 2009. Two vs.
three sputum samples for microscopic detection of tuberculosis
in high HIV prevalence population. Int J Tuberc Lung Dis 13:
842-847.

Ba F, Rieder HL, 1999. A comparison of fluorescence microscopy
with the Ziehl-Neelsen technique in the examination of sputum
for acid-fast bacilli. Int J Tuberc Lung Dis 3: 1101-1105.

Crampin C, Floyd SB, Mwaungulu F, Black G, Ndhlovu R,
Mwaiyeghele E, Glynn JR, Warndorff, DK, Fine PE, 2001.
Comparison of two versus three smears in identifying culture-
positive tuberculosis patients in rural African setting with high
HIV prevalence. Int J Tuberc Lung Dis 5: 994-999.

Kivihya-Ndugga LE, Van Cleeff MR, Githui WA, Nganga LW,
Kibuga DK, Odhiambo JA, Klatser PR,2003. A comprehensive
comparison of Ziehl-Neelsen and fluorescence microscopy for
the diagnosis of tuberculosis in a resource-poor urban setting.
Int J Tuberc Lung Dis 7: 1163-1171.

Vamseedhar A, Mohan K II, Rekha BP, 2009. Comparison of the
modified fluorescent method and conventional Ziehl-Neelsen
method in the detection of acid fast bacilli in lymphnode aspi-
rates. Cytojournal 6: 13.

Bréndli O, 2008. Comment diagnostiquer la tuberculose en 2008?
Forum Med Suisse 8: 564-568.

Levy H, Sacho H, Kallenbach J, 1969. A reevaluation of sputum
microscopy and culture in the diagnosis of pulmonary tubercu-
losis. Chest 96: 1193-1197.

Colebunders R, Bastian I, 2000. A review of the diagnosis and
treatment of smear-negative pulmonary tuberculosis. Int J
Tuberc Lung Dis 4: 97-107.

Van Deun A, 2005. Tuberculosis bacteriology—priorities and indi-
cations in high prevalence countries: position of the technical
staff of the Tuberculosis Division of the International Union
Against Tuberculosis and Lung Disease. Int J Tuberc Lung Dis
9: 355-361.

Rieder HL, Van Deun A, Kam KM, Kim SJ, Chonde TM, Trébucq
A, Urbanczik R, 2007. Priorities for Tuberculosis Bacteriology
Services in Low-Income Countries. Second edition. Paris:
International Union Against Tuberculosis and Lung Disease,
28-29.

Truant JP, Brett WA, Thomas W Jr, 1962. Fluorescence microscopy
of tubercle bacilli stained with auramine and rhodamine. Henry
Ford Hosp Med Bull 10: 287-296.

Hinscheid T, 2008. The future looks bright: low-cost fluorescent
microscopes for detection of Mycobacterium tuberculosis and
Coccidiae. Trans R Soc Trop Med Hyg 102: 520-521.



