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COMPARATIVE EXPERIMENTAL STUDY OF
THE PERFORMANCE OF BACTERIOSCOPIC
METHODS IN DETECTING ACID-FAST
BACILLI: ZIEHL-NEELSEN MICROSCOPY,
CONVENTIONAL FLUORESCENCE, AND
LED FLUORESCENCE MICROSCOPY

ABSTRACT

Performance of bacterioscopic methods was comparatively studied in Bacteriologic Laboratory of the Phthisiatry Research-Practice Center, to
assess the detection of acid-fast bacilli (AFB) by Ziehl-Neelsen (ZN) microscopy, conventional fluorescence microscopy (FM), and LED fluorescence
microscopy (LED-FM). A total of 400 positive smears detected by FM were re-observed by ZN microscopy; additionally, we analyzed diagnostic
material from 648 patients of the Pulmonology Department of the Yakutsk City Clinical Hospital, in whom the hospital laboratory did not detect
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presence of AFB in smears after triple ZN microscopy of direct sputum. To compare the performance of FM and LED-FM microscopy in detecting
AFB, diagnostic material from 1082 new pulmonary tuberculosis cases was analyzed.
Keywords: tuberculosis, diagnosis, acid-fast bacilli, Ziehl-Neelsen microscopy, fluorescence microscopy, LED fluorescence microscopy, fluo-

rochrome.

Introduction. Despite the introduction
to clinical practice of advanced microbi-
ological and molecular-genetic methods
for diagnosis of tuberculosis (TB), micro-
scopic methods are still the key methods
used in primary examination of individ-
uals with suspicion for TB. The value of
these methods is in their availability, sim-
plicity, and opportunities to possibly fast
detection of those patients who present
epidemiological risk [1, 6, 9].

Ziehl-Neelsen (ZN) stain microsco-
py is one of essential methods used to
confirm the diagnosis of pulmonary TB,
based on detection of acid-fast bacilli in
patient’s sputum [2, 6].

ZN microscopy is relatively simple
to perform, but its sensitivity can be de-
creased due to a number of factors. It is
obviously more so in laboratories with
intense daily load of microscopic pro-
cedures performed, that can lead to re-
duced quality of specimen preparation
and smear staining technique, while the
lab staff might simply not have enough
time to observe all incoming fields of view
(FOV) due to high workload [7, 9, 10, 11].

Fluorescence microscopy (FM) is cur-
rently a method of choice, with significant
advantages over ZN microscopy. The
method’s sensitivity is 10-15% higher
than that of ZN microscopy, on aver-
age [10, 11, 12]. Compared to transmit-
ted-light microscopy, FM has a number
of advantages: high contrast of luminous
objects against dark field; considerably
larger visible area due to less magnifica-
tion needed to observe the object; saving
of time, and more. [3].

Use of LED (light emitting diode) tech-
nologies has been the latest advance-
ment made in the field of FM, which
dramatically increased performance of
microscopy [8]. Estimation by WHO con-
firmed diagnostic accuracy of LED-mi-
croscopy, comparable to conventional
FM, and superior performance of LED
fluorescence microscopy (LED-FM) over
ZN microscopy [4]. Despite the positive
feedback on the utility of LED-FM, just
one study on the use of LED-FM could
be retrieved from available Russian-lan-
guage literature [8].

Aim: Comparative assessment of
the performance of different microscopy
methods in detecting acid-fast mycobac-
teria.

Material and methods. In perform-
ing routine microbiological examinations
were complying with the procedure de-

scriptions provided in Appendices (10, 11)
to the Order no.109 (issued 21.03.2003)
“On improving anti-tuberculosis meas-
ures in the Russian Federation”, and Or-
der no.951 (issued 29.12.2014), of the
Russian Federation Ministry of Health [5].

For ZN test, smears were treated with
carbol fuchsin, decolorized with 3% hy-
drochloric acid-ethanol, and stained with
0.25% methylene blue.

ZN microscopy was performed using
binocular microscope (Primo Star, Carl
Zeiss, Germany) with 100x immersion
lens, 10x eyepiece, and at 1000x mag-
nification. Reading of results was done in
minimums of 300 fields (negative results)
and 100 fields (positive results).

For FM, sediment pH levels (sedi-
ments were obtained from the material
prepared as described above) were ad-
justed to 6.8-7.0. Using a pipette, 1-2
drops of sediment were placed on the
slide, and spread as a thin layer in the
center of a slide, over an area of 2x1 sm.
Then, smears were dried in biosafety
hood for 15-20 min. at room tempera-
ture. Smears were fixed in dry-air steri-
lizer at 65-75°C for 2 hours. After stain-
ing with auramine OO and rhodamine C,
specimens were examined using LED
fluorescence microscope (Primo Star,
Carl Zeiss, Germany) and convention-
al fluorescence microscope (Mikmed 2,
Russia), at 400x magnification (40x lens,
10x/18 eyepiece).

Once the diagnostic material was pro-
cessed with fluorescent dyes, and they
started binding to waxy parts of micro-
bial cell and penetrating to cytoplasm,
followed by exposure to excitation light
source, mycobacterial cells glowing or-
ange or bright-yellow against black or
dark-green background could be ob-
served.

Statistical processing was performed
using commonly employed software (Mi-
crosoft Excel, StatSoft Statistica 6), mean
values (Mtm), and significance values for
statistical difference assessment (P).

Results and discussion. During the
year 2016, we microscopically examined
the sediments from various diagnostic
samples, incoming to the lab, all collect-
ed from patients suspected for TB, or
hospitalized patients on treatment. Over-
all, 9480 smears were subjected to FM,
of them 1439 were AFB+. Detectability
rate for AFB detected by FM method was
15.2%.

Of these 1439 AFB+ specimens, 400

smears were randomly selected for com-
parative examination by ZN microscopy,
with the following categories of positivity:
100 smears (scanty); 100 “1+” smears
(solitary AFB); 100 “2+” (moderate count
of AFB); 100 “3+” (large count of AFB). All
400 positive smears were confirmed by
culture tests for M.tuberculosis complex
mycobacteria on liquid and solid media.

After observation by FM method, the
smears were stained for ZN microsco-
py. Stained smears were then observed
consecutively by 3 bacteriologists, who
were unaware of the preceding results. In
case of discrepancies in readings, the re-
sult received in most of the readings was
considered final.

Results of comparative microscopic
smear examinations are presented in Ta-
ble 1.

As is seen in Table 1, out of 400
FM-positive smears, re-observation by
ZN method showed the presence of AFB
in 312 (78%) smears, while in 88 (22%)
smears the presence of AFB could not be
shown.

Among 100 smears classified as
scanty, ZN microscopy was positive in 22
smears, and negative in 78 smears.

Out of 100 smears classified as “1+”,
90 were proved positive by ZN, although
only 34 were classified exactly as “1+”,
and 56 smears were shown to have
scanty.

Smears classified as “2+” or “3+",
were confirmed by ZN method in 100%.
Positivity category “2+” matched in 52
smears; 44 smears were classified as
“1+” and 4 smears as scanty. For cat-
egory “3+”, match was observed in 62
smears, while 28 smears were interpret-
ed as “2+” and 11 smears as “1+”.

Comparative study results support-
ed better performance of FM over ZN
microscopy, especially in scanty speci-
mens, only 22% of which could be con-
firmed as positive by ZN method.

Hence, FM was shown to have a 22%
higher sensitivity compared to ZN meth-
od, which is in agreement with literature
data.

Our next step in comparative studies
was to assess detectability of AFB by
FM, using diagnostic material from 648
patients of the Pulmonology Department
of the Yakutsk City Clinical Hospital, who
had AFB-negative results of triple ZN mi-
croscopy of direct sputum performed at
hospital laboratory. Based on indications,
all patients were referred for further ex-
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Table 1

Re-observation results for AFB+ fluorescence microscopic smears, by Ziehl-Neelsen

microscopy (n, %)

. Scores: FM+ smears
Indicators:

Scanty 1+ 2+ 3+
Total: AFB+ smears (FM) (n = 400) 100 100 100 100
Subjected to re-observation by Z-N
microscopy (n = 400) 100 100 100 100
Of them, AFB+ n =312 (78 %) 22 90 100 100
Of them, AFB- n = 88 (22 %) 78 10 - -
Detection rate, % 22 90 100 100
Scoring AFB+ results (ZN): Scanty 22 56 4 -
1+ - 34 44 10
2+ - - 52 28
3t - - - 62

Table 2

Detection rates for direct sputum Ziehl-Neelsen test for AFB in clinical diagnostic
laboratories of the Yakutsk City Clinical Hospital, 2014-2016

Number of tests Number of patients tested

Ye Multiplicity,

ears o,

Total Of them, AFB+ Total Of them,
n, % AFB+n, %

2014 4378 19 (0.4) 2265 18 (0.8) 1.9
2015 4291 24 (0.5) 2216 23 (1.0) 1.9
2016 4971 25(0.5) 2580 21(0.8) 1.9

Table 3

Detection rates: FM for AFB in sediments from diagnostic materials collected
from patients of Yakutsk City Clinical Hospital

Total tested

Of them, AFB+
n, %

Microscopy result scoring (n, %)

Scanty

1+

2+

3+

n= 648

22 (3.4)

10 (45.5)

3(13.6)

7031

8)

2(9.1)

Table 4

Results of FM and LED-M for sediments of diagnostic materials from newly identified
patients with pulmonary tuberculosis

of ot Test results
. Total new them, nem, Positive Positive
Microscopy . with .
patients w/o .\ Positive sputum sputum,
method - cavities
n= 1082 cavities o sputum and no
n, % 7 n, % cavities cavities
n, % n, %
337 181 180 131 49
FM >18 65.1 34.9 34.7 72.4 14.5
392 172 251 143 108
LED 364 69.5 30.5 44.5 83.1 27.5

amination to City Tuberculosis Treatment
and Prevention Clinic.

As is seen from Table 2, over the pe-
riod from 2014 to 2016, an annual num-
ber of ZN microscopies for TB performed
at Yakutsk City Clinical Hospital ranged
between 4291 (2015) and 4971 (2016),
while the number of patients exam-
ined annually ranged from 2216 (2015)
to 2580 (2016). AFB detectability rate
(WHO standard is 1%) ranged between
0.8% (2014) and 1.0% (2015). Number of
tests performed (WHO recommends 3.0)
was stably 1.9 during the study period.
Thus, reference values (detectability and
number of tests) recommended by WHO
were not met by primary level laboratory.

Examination of samples from 648
patients using FM method showed pres-
ence of AFB in 22 cases. AFB detecta-
bility rate was 3.4%, which was reliably
higher (4.2% higher (p<0.05)) than the
detectability demonstrated by ZN micros-
copy performed at Yakutsk City Clinical
Hospital laboratory (0.8% in 2016). Fur-
thermore, positive results were classified
as scanty in 10 cases, as 1+ in 3 cases,
as 2+ in 7 cases, and 3+ in 2 cases, i.e.
9 patients (40.9%) were shown to have
excessive bacterial load, undetected by
ZN microscopy (Table 3).

The next step was to comparatively
analyze performance of FM and LED mi-
croscopy in detecting AFB in sediments
from diagnostic material collected from
newly diagnosed pulmonary TB patients.
Material from a total of 1082 patients was
examined, of them, 518 were subjected
to FM, and 564 to LED-FM.

Results of comparative analysis are
shown in Table 4.

As is seen, using FM method, 34.7%
(180/518) of patients had AFB-positive
results, while 65.3% (338/518) were neg-
ative. Using LED-FM, 44.5% (251/564)
of patients were positive for AFB, and
55.5% (313/564) were negative. Detect-
ability of AFB by LED-FM was 44.5%,
which was reliably higher (9.8% higher
(p<0.001)) than the detectability by FM
(34.7%).

Using LED-FM, detection of
smear-positive results (M+) among pa-
tients with lung destructions was 83.1%
(143) and 27.5% (108) among patients
without lung destructions, which was
higher, compared to percent detected
by FM (72.4% (131) and 14.5% (49), re-
spectively).

Hence, performance of LED-FM was
confirmed to be higher (by 9.8%, in our
study), compared to conventional FM.

Conclusion. As the results of compar-
ative study demonstrated, fluorescence



microscopes with mercury lamp or LED
light source should be advised for use
as more comprehensive compared to
ZN microscopy, to achieve early detec-
tion of the presence of bacteria in diag-
nostic material and early diagnosis of TB
infection at laboratories with high (>20
smears) daily workload.

As far as LED fluorescence micro-
scopes are less demanding in terms of
high-skilled maintenance and offer lon-
ger lamp life-span compared to conven-
tional fluorescence microscopes, use of
LED-technologies is economically rea-
sonable and LED fluorescence microsco-
py should be recommended for extensive
application in the diagnosis of TB.

References:

1. BbisBneHue Tybepkynesa MeToAoOM
MuKpockonuu:  y4yebHoe  nocobuwe  ans
npoeefeHns 6asoBoro Kypca 0OBy4eHus.
Mockea, Teepb: Tpuaga; 2008. [Detection of
tuberculosis using microscopy method: study
guide for basic studies courses. Moscow,
Tver: Triada Publ.; 2008 (In Russ.)]

2. Manaxoe B.H. un pgp. KavectBo
HakTepunonornyeckoro BbISIBNEHUS n
onpegeneHns nekapcTBEHHOW YCTOMYMBOCTU
MuKobakTepuin  Tybepkynesa yvacTHUKamMu
denepanbHOM CUCTEMbl BHELLUHEN OLEHKMN
KavecTBa KNMUHUYeCkux  nabopaTopHbIX
nccriegoBaHuin B 2002-2003 rr. [Ipobriemsi
my6epkynesa. 2005;4:6-11. [Malakhov VN et
al. Quality of bacteriologic detection and drug
sensitivity testing of Mycobacterium tuberculo-
sis by the participants of the federal external
quality assessment system for clinical labora-
tory tests in 2002-2003. Problemy tuberkule-
za. 2005; 4:6-11. (In Russ.)]

3. KynbTypanbHble MeTodbl AWMArHOCTUKW
Tybepkynesa.  BbisBnenne  TyGepkynesa
MeTofoOM  MuKpockonuu: yvyebHoe nocobue
AN nposefeHus Kypcos obyyeHns. Mocksa,
Teepb: Tpuaga; 2008. [Culture methods for
tuberculosis diagnosis. Detection of tuberculo-
sis using microscopy method: guide for study
courses. Moscow, Tver: Triada Publ.; 2008. (In

Russ.)]
4. O6 yTBEpXOEHUUM  METOANYECKUX
pekoMeHgauuin  No  COBEpPLUEHCTBOBAHUIO

ANarHoCTUKM U neveHnst Ty6epkynesa opraHoB
AblxaHus: npukad M3 P® (29.12.2014). [On

establishing guidelines for improved diagno-
sis and treatment of pulmonary tuberculosis:
Order of the Russian Federation Ministry of
Health (29.12.2014). (In Russ.)]

5. o COBEPLUEHCTBOBAHMM
NpoTMBOTYDEpKYNe3HbIX  MeponpuaTui B
Poccuitickon ®depepauun: npukaz M3 PO
Ne109 (21.03.03). [On improved anti-tubercu-
losis measures in Russian Federation: Order
of the Russian Federation Ministry of Health
no.109 (21.03.03). (In Russ.)]

6. CeBactbsiHOBa E.B. v gp. Paspabotka
KpUTEpMEB OLIeHKM KayecTBa n atheKTUBHOCTH
MWUKPOBMONOTMYECKUX  UCCneaoBaHWUM B
yyYpexaeHnsx npoTMBOTYbepKynesHon
cnyx6bl 1 obLen neyebHon ceTtn. lpobnemsi
my6epkynesa. 2009;3:55-60. [Sevast'yanova
EV et al. Development of criteria for assessing
the quality and performance of microbiological
testing in TB facilities and in primary care net-
work. Problemy tuberkuleza. 2009;3:55-60. (In
Russ.)]

7. lNonbiwesckas B.M. n ap. CoBpemeHHoe
coctosHue nabopatopHoi cnyx6bl Poccun

no AwarHoctvke Tybepkynesa: OCHOBHblE
npobnemMbl M MNyTM UX  NPEOAONEHUs.
lpobnembr  myb6epkynesa. 2006;12:36-43.

[Golyshevskaya VP et al. Current status of
laboratory service for tuberculosis diagnosis in
Russia: key problems and ways to overcome
them. Problemy tuberkuleza. 2006;12:36-43.
(In Russ.)]

8. Typycos A.A., Banues P.LL., YecHokoBa
PB. CpaBHuTEnNbHOE ncenenosaHue
MuKpockonun  metogoMm  Liuna-Hunecena,
PYTUHHON  (hriyOpeCcLeHTHOW  MUKPOCKONUU
" cdnyopecueHTHON MUKPOCKONUN c
ncnonb3oBaHnemM npucTaBkm Lumin
B AnarHocTuke KMCNOTOYCTOMYMBBIX
MukobakTepuii.  [Mpobrnembl  mybepkyrnesa.
2009;4:41-45. [Turusov AA, Valiev R Sh,
Chesnokova R V. Comparative study of Zie-
hl-Neelsen microscopy, routine fluorescence
microscopy, and fluorescence microscopy with
Lumin attachment in diagnosing acid-fast ba-
cilli. Problemy tuberkuleza. 2009;4:41-45. (In
Russ.)]

9. YepepHuyeHko A.l, PeesikmHa O.B.,
MetpeHko T.M. CoctosiHne naGopaTopHoM
cnyxbbl no pguarHoctuke  Tybepkynesa
B Cwnbupckom " [anbHeBOCTOYHOM
heaepanbHbIx okpyrax. TybepKynea u 6one3Hu
neekux. 2014;5:16-20. [Cherednichenko AG,
Revyakina OV, Petrenko TI. Status of labo-
ratory service for tuberculosis diagnosis in

22019 A/ B

Siberian and Far-East Federal Districts. Tu-
berkulez i bolezni legkikh. 2014; 5:16-20. (In
Russ.)] https://doi.org/10.21292/2075-1230-
2014-0-5-16-21

10. Hanscheid T. The future looks bright:
low-cost fluorescent microscopes for de-
tection of Mycobacterium tuberculosis and
Coccidiae. Trans Roys Socs Trops Med Hyg.
2008; 102(6):520-521. DOI: 10.1016/j.trst-
mh.2008.02.020

11. Steingart K.R., et al. Fluorescence ver-
sus conventional sputum smear microscopy
for tuberculosis: a systematic review. Lancet
Infect Dis. 2006; 6:570-581. DOI: 10.1016/
S$1473-3099(06)70578-3

12. Torrea G., Chakaya J., Mayabi M., van
Deun A. Evaluation of the Fluoreslem S and
fluorescence microscopy blinded rechecking
trial, Nairobi, Kenya. Int J Tuberc Lung Dis.
2008; 12(6):658-663.

Author information:

Yakutsk, Republic Sakha (Yakutia), Russia:

Pavlov Nikolai Gerasimovich, Cand.Sci.
(Veterinary Medicine), senior researcher,
Bacteriological laboratory, Phthisiatry Re-
search-Practice Center.

Mobile: 79644240417

E-mail: png_74@mail.ru

Alekseeva Galina Ivanovna, Dr.Sci. (Med-
icine), Head of Bacteriological laboratory,
Phthisiatry Research-Practice Center.

Mobile: 79644260609

E-mail: agi_nik@mail.ru

Protodiakonova Galina Petrovna, Dr.Sci.
(Animal Medicine), Dean of Animal Medicine
Faculty, Yakutsk State Agricultural Academy

Mobile: 79148235006

E-mail: gpet@list.ru

4. Chernykh Marina Valerievna, bacteriol-
ogist, Bacteriological laboratory, Phthisiatry
Research-Practice Center.

Mobile: 79142221306

E-mail: maviche@bk.ru

5. lvanova Elena Ivanovna, bacteriologist,
Bacteriological laboratory, Phthisiatry Re-
search-Practice Center.

Mobile: 79141079431

E-mail: Lena-ivan@mail.ru

6. Yakovleva Mariya Vasilievna, medical bi-
ologist, Bacteriological laboratory, Phthisiatry
Research-Practice Center.

Mobile: 79142974248

E-mail: baklaboratoriya@inbox.ru


https://doi.org/10.21292/2075-1230-2014-0-5-16-21
https://doi.org/10.21292/2075-1230-2014-0-5-16-21
mailto:agi_nik@mail.ru
https://e.mail.ru/compose?To=gpet@list.ru
mailto:maviche@bk.ru
mailto:Lena-ivan@mail.ru
mailto:baklaboratoriya@inbox.ru

