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ABSTRACT
Objective: To evaluate the cytospin slide microscopy method for detection of acid fast bacilli (AFB) in bronchoalveolar lavage
(BAL) fluid comparing it with concentrated smear microscopy.
Study Design: Cross-sectional validation study.
Place and Duration of Study: Department of Microbiology, Armed Forces Institute of Pathology (AFIP), Rawalpindi, from Dec
2016 to Sep 2018.
Methodology: BAL specimens from suspected tuberculosis patients who were sputum smear negative, submitted to AFIP for
diagnosis were included in the study. Smears for microscopy were prepared with the modified cytospin method as well as the
standard concentrated technique. The prepared smears from both methods were stained with Ziehl–Neelsen (ZN) staining
method and examined under 100 × oil immersion lens. TB culture performed on BACTEC MGIT 960 automated culture
system (Becton Dickinson, USA) was taken as gold standard for TB diagnosis. The two methods were compared in terms of
sensitivity, specificity, positive predictive value and negative predictive value.
Results: Out of the 130 samples tested, 62 (47.7%) were positive on culture using MGIT 960 system. The sensitivity, specificity,
positive predictive value, negative predictive value and diagnostic accuracy of the modified cytospin method for pulmonary
TB diagnosis was found to be 68.3%, 100%, 100%, 77% and 84.6%, respectively.
Conclusion: The sensitivity of the modified cytopsin smear method was significantly higher than that of the concentrated
method. The study concludes that this is a simpler and more accurate method for BAL fluid microscopy.
Keywords: Acid fast bacilli, Bronchoalveolar lavage, Cytospin, Microscopy, Pulmonary tuberculosis.
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INTRODUCTION

conditions only approximately 50% cases are detected3. Around 30-50% patients of pulmonary TB are
sputum smear negative or sputum scarce4. Studies
show that these patients with sputum smear-negative
pulmonary TB are still able to transmit the disease to
other people and contribute significantly to the disease
burden5. In these patients, fiber optic bronchoscopy
(FOB) has been used to obtain bronchoalveolar lavage
fluid (BAL) for analysis.Although, the diagnostic yield
of BAL fluid culture for acid-fast bacilli (AFB) is high,
but this method takes 2-6 weeks. In contrast, BAL fluid
smear staining for AFB produces early results but with
very low sensitivity since the threshold for detecting
bacilli on simple light microscopy is about 5000 to
10000 bacilli per ml of the sample6-8. Several attempts
have been made over the years to improve microscopy
sensitivity by pre-processing samples with concentration methods including centrifugation, N-acetyl Lcysteine NaOH and phenol-ammonium sulfate precipitation. Various modifications in staining have also
been tried, like Kinyoun stain and fluorescent microscopy9. Cytospin slides have been reported to improve
detection of AFB in cerebrospinal fluid (CSF) and BAL
fluid samples. The technique is based on the rationale

Tuberculosis (TB) remains a major public health
issue particularly for the developing countries. It is
a leading cause of death due to bacterial infection.
Around 10 million new cases and 1.3 million deaths
were reported from TB in the year 2017 1. No effective
vaccine is available, so any effective control strategy
has to focus on the early and efficient diagnosis and
prompt treatment of the disease. Pakistan shares the
5th highest burden of the disease2. Ours is a resource
poor country and the economic burden due the disease is ever increasing. There is a dire need to focus on
cost effective methods for its diagnosis.
The simplest, most widely used and cost effective
method of diagnosis of active pulmonary TB is examination of stained sputum smear under the microscope.
However, the sensitivity of this method varies with
the availability of experienced staff, quality and nature
of the specimen, smearing and staining technique and
availability of a good microscope. Even under the best
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that the sample is concentrated over a small area on
slide in the form of a smear and there is no loss of AFB
in supernatant as happens in centrifugation10. Cytospin method has been used for Gram stained smears
of fluid specimens where sensitivity is significantly
improved with this method.

and stained by Ziehl-Neelsen (ZN) cold staining
method.
For modified cytospin slide method, 0.5 ml of
BAL fluid was loaded onto cytospin slide chamber
of Cytospin 4 cytocentrifuge machine (Thermo Fisher
scientific, USA) and centrifuged at 1000 × g for 5
minutes. The slides were dried, fixed with 95% ethyl
alcohol and stained.

In this study, we will evaluate the cytospin
technique for detection of AFB in BAL fluid comparing it with the concentrated smear microscopy. Not
many studies have been done to evaluate this method
of slide preparation for AFB detection.

The prepared smears from both methods were
stained with ZN cold staining method. Slides were
examined under 100 × oil immersion lens, at least 300
fields were examined before reporting as negative.
Incase AFB were seen, then bacillary load was established as; 1-2 AFB/300 fields characterized as doubtful, 1-9/100 fields as 1+, 1-9/10 fields 2+, 1-9/ field as
3+ and >9 AFB/ field as 4+ (numerous)14.

The objective of the study was to evaluate the
cytospin slide microscopy for detection of AFB in BAL
fluid comparing it with already in use concentrated
smear microscopy. Positive culture on MGIT 960 TB
system will be considered as the gold standard for TB
diagnosis.

The modified cytospin slides were re-examined
using a criteria of 50 fields/slide. All AFB slides from
both methods were examined independently by two
microbiology registrars.

METHODOLOGY
This was a comparative cross-sectional validation
study carried out in the Department of Microbiology,
Armed Forces Institute of Pathology (AFIP), Rawalpindi from December 2016 through September 2018.
Permission was obtained from Institutional review
board.

TB culture was performed on BACTEC MGIT 960
automated culture system (Becton Dickinson, USA) 13.
Data analysis was performed on SPSS version 21.
For quantitative variables mean (± SD) was calculated.
Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and diagnostic accuracy were calculated for the two methods keeping TB
culture on MGIT 960 as the reference standard. The
chi-sqaure test was used for categorical variables, pvalue <0.05 was considered significant.

A total of 130 BAL fluid samples were included
in the study through non probability convenience
sampling. The sample size was calculated using the
sensitivity and specificity sample size calculator,
taking precision as 0.08 and 95% confidence interval.
The values of sensitivity and specificity of cytospin
microscopy method were taken from literature9-12.
BAL fluid of suspected pulmonary TB cases, submitted to AFIP Rawalpindi for diagnosis were included in
the study. Suspected cases were defined as productive
cough for >2 weeks duration and/or radiographic
findings (Chest X-ray or HRCT). Clinical samples
of both genders, irrespective of age were included.
Repeat samples and samples of patients taking antituberculosis treatment for >2 weeks were excluded
from the study. All cases included were sputum smear
negative defined as cases whom three consecutive
early morning sputum samples did not reveal acid fast
bacilli when examined by microscopy.

RESULTS
The mean age of the patients was 39.8 (SD=12.7)
years. There were 105 (80.8%) male patients while the
rest were females (female to male ratio 1:4.2). Out of
the total 130 samples included in the study 62 (47.7%)
were culture positive on MGIT 960 system, while 43
(33.1%) and 23 (17.7%) were positive on modified cytospin method and concentrated smear method, respectively. The 2x2 table for cytospin and concentrated
method keeping TB culture as reference standard is
presented below (table-I) and the sensitivity, specificity, positive predictive value, negative predictive
value, and diagnostic accuracy for both methods of
smear preparation (table-II). The sensitivity of cytospin method was significantly greater than the concentrated method for AFB microscopy (p<0.001).

For concentrated smear method, BAL samples
were pretreated using the Sodium hydroxide-Nacetyl-N-cysteine method for digestion and decontamination and centrifuged at 3000 rpm for 20 minutes11.
The supernatant was discarded and the sediment was
smeared on to a microscope slide over a 1×2 cm area

Microscopy using the cytospin method showed
an increased density of bacilli per field. All the
positive samples on cytospin smear microscopy were
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graded ‘4+’. Since the smear was of smaller area when
made with cytospin method, less time was required to
examine the whole smear area compared to 1×2 cm
smear made from the concentrated specimen. The
results were the same when 50 fields were observed
for the cytospin slides.

method. BAL fluids were pretreated with 4% Sodium
hydroxide (NaOH) before loading onto cytospin
chamber to prevent clogging of chambers by glutinous
BAL samples. They also used poly-L-lysine coated
slides to prevent loss of bacilli during staining since
the proteins in BAL are denatured by NaOH. We used

Table-I: 2x2 table for concentrated and cytospin method.
TB Culture
Concentrated
Method

Positive
Negative

Positive
TP = 23
FN = 40

Negative
FP = 0
TN = 67

Cytospin
Method

Positive
Negative

Positive
TP = 43
FN = 20

Negative
FP = 0
TN = 67

TP = True positive, FP = False positive, FN = False negative, TN = True negative

Table-II: Compares the cytospin smear method with the concentrated method keeping TB culture as the gold standard
for diagnosis.
Sensitivity %
Specificity %
PPV %
NPV %
Diagnostic Accuracy
(95% CI)
(95% CI)
(95% CI)
(95% CI)
% (95% CI)
Cytospin Smear
68.3 (55.3-79.4)
100 (100-100)
100 (100-100)
77 (70-82.8)
84.6 (77.2-90.3)
Microscopy
Concentrated
36.5 (24.7-49.6)
100 (100-100)
100 (100-100)
62.6 (58.1-66.9)
69.2 (60.5-77)
Smear Microscopy
CI= Confidence Interval, PPV= Positive predictive value, NPV= Negative predictive value

DISCUSSION

the BAL samples directly without any prior treatment
since there was no clogging during our pilot study.
Also we used the cytospin settings of 1000g for 5
minutes, different from that used by Zheng et al who
used 250 for 5 minutes11. During the pilot study we
compared both settings and found no difference in
results. The authors in the present study favour the
1000g settings as the smears seemed better formed
with this speed. Chen et al used this setting for
cytsopin of CSF samples for tuberculous meningitis
diagnosis and reported and improved sensitivity of
93.8% 10. Other similar studies have also reported improved sensitivity of cytospin smears for CSF17,18. The
results of our study showed a sensitivity of 68.3%,
100% specificity and an overall diagnostic accuracy of
84.6%.

A timely diagnosis and proper drug treatment
can cure patients with the tuberculosis. Although TB
culture is the gold standard for diagnosis but it takes
2-6 weeks15. Nucleic acid amplification based methods provide early diagnosis within hours, however
they require equipment and expertise which are not
widely available6. Microscopy of stained smears is the
simplest method for diagnosis of tuberculosis. This is
the only tool available in most resource poor diagnostic facilities. Improving the efficacy of this method
may help in improving TB diagnosis.
Overall, 80.8% cases were males, a finding concurrent with other studies7,8.
TB culture on MGIT 960 was taken as the reference standard. The culture positivity was 47.7% in our
study. Higher positivity rates have been reported in
some regional studies6,7. While another study reports
that MGIT culture was positive in 22% cases of clinically or radiologically suspected cases of pulmonary
TB16.

The cytospin method significantly improves the
AFB detection in fluid samples compared to the
concentrated method. The bacilli are easier to detect as
they are concentrated on a small area on the slide. The
number of bacilli per field is also higher than that with
other methods. The modified cytospin slides are also
less time consuming and safer since there is minimal
handling of the specimen and does not require any
pretreatment. Also, the AFB can be accurately observed on microscopy in less time, so a less experienced
microscopist may be able to accurately report these
slides. Further multicentric studies with larger sample
sizes are required for further validation of the method
for pulmonary TB diagnosis.

The sensitivity of concentrated method in our
study was 36.5%. Similar results have been reported
by other studies11,19.
In the present study the method of microscopy
evaluated was adapted from Zheng et al study who
evaluated the modified cytospin slide method on BAL
fluid specimen for diagnosis of pulmonary TB. They
reported a sensitivity of 91.5% with the modified
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CONCLUSION
The modified cytospin slide microscopy for
diagnosis of pulmonary TB is a simple, easy to perform technique that significantly improves the sensitivity of BAL fluid microscopy compared to the concentrated smear method.
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