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Background: Tuberculosis (TB) remains a major public health problem worldwide. Direct Ziehl 
Nelseen (ZN) is the conventional Laboratory method for diagnosis of TB. However, there are 
higher chances of missing TB positive cases due to insufficient sensitivity. This would eventually 
lead to TB transmission and hence mortality.
Objectives: To determine sensitivity and specificity of ZN diagnostic technique on concentrated 
and unconcentrated sputum samples as well as to assess how clinical, socio-demographic, and 
sample variables affect concentrated sputum ZN positivity. 
Materials & Methods: This cross-sectional investigation was carried out in Mulago Hospital, covering 
adult TB presumptive patients. Sputum samples from 114 patients were collected and processed 
by both NaOCl concentration and direct ZN diagnostic techniques. Sensitivity and specificity were 
calculated and tabulated. Prediction of ZN positivity was assessed using Logistic regression analysis. 
Results: Out of the total 114 samples, 82 (71.9%) were positive by GeneXpert test (the gold standard), 
whereas by NaOCl concentration method 79 samples (69.3%) were found positive but with direct 
ZN method 65 samples (57.0%) were found positive, thus an increase of 14 samples (12.3%) in 
positivity was noted when used NaOCl concentration method which is highly significant with Ρ<0.05 
(χ2=95.38). NaOCl concentration method got a higher sensitivity than direct sputum smear with 
97.5% and 80.2% respectively. The specificities were almost the same with NaOCl method 93.9% 
and direct sputum smear with 90.9%. NaOCl concentration method had a PPV of 0.98 and NPV of 
0.94 while direct sputum smear had PPV of 0.95 and NPV of 0.65.
Conclusion: NaOCl concentration method was found to be more sensitive than direct ZN though 
the specificity was almost the same. Clinical, socio-demographic and sample factors’ effect on ZN 
positivity was not statistically significant (Ρ=0.796). NaOCl concentration method should be adopted 
for effective diagnosis of pulmonary TB. 
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1. Introduction

uberculosis remains a major public health 
problem, with an estimated 2 billion peo-
ple being infected with Tubercle bacilli 
worldwide despite the fact that the caus-
ative organism was discovered more than 

100 years ago [1]. In 2013, 9 million people fell ill with 
Tuberculosis (TB) and 1.5 million died from the disease. 
According to the World Health Organization (WHO) [2], 
low- and middle-income countries account for almost 
95% of TB mortality. South-East Asia and the Western 
Pacific region saw the most new cases of TB, making up 
56% of all new cases worldwide. With 280 new cases for 
every 100,000 people, Africa had the highest rate of new 
infections in 2013. In Uganda, tuberculosis prevalence 
rate was 0.2% [2]. However, between 2000 and 2003, 
TB diagnosis and treatment are thought to have saved an 
estimated 37 million lives [2]. This therefore shows that 
if additional and cheaper sensitive diagnostic methods 
like Concentration methods are put in place for TB early 
diagnosis, then Tuberculosis disease would easily be re-
duced to a low rate.

Diagnosis of Mycobacterium tuberculosis depends on 
examining the sputum for bacteria. The most effective 
way to find tubercle bacilli is through Mycobacterium 
culture, however it is incredibly time-consuming and 
needs extra safety precautions in laboratories. Serologi-
cal methods lack sensitivity and specificity, making them 
ineffective in control programs. The nucleic acid ampli-
fication techniques are the most promising new meth-
ods for diagnosing TB quickly, but the technology is not 
suitable for control programs in developing nations [1]. 
In addition, fluorescent microscopy with Auramine-O 
or Rhodamine staining has been done but is not easily 
implemented in district health centers as compared to 
direct Ziehl Nelseen (ZN) microscopy which in turn has 
got shortcomings like decreased sensitivity. 

HIV/TB co-infection makes sputum microscopy less 
sensitive [3]. The sodium hypochlorite concentration 
method, one of the safest concentration methods for 
boosting the sensitivity of direct microscopy for the de-
tection of AFB, can be used to increase the sensitivity of 
sputum microscopy. The sensitivity of direct ZN micros-
copy can be greatly increased by sputum liquefaction 
with sodium hypochlorite (NaOCl/Jik) and concentra-
tion through centrifugation [4].

Related previous study findings [1] conducted in 
BLDEU’s Shri B.M.Patil Medical College, Hospital and 
Research Centre, India show that there has been a signif-

icant increase in sensitivity when sputum is concentrated 
with 5% sodium hypochlorite. Results show that out of 
255 sputum samples analyzed, 25 sputum samples were 
positive for AFBs by direct smear microscopy while 84 
were positive for AFBs in concentrated sputum samples. 
The ZN sensitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV) were 29%, 
99%, 96% and 74% respectively with a 95% confidence 
interval, with use of 5% NaOCl method. Concentrating 
sputum with 5% NaOCl may improve ZN sensitivity 
hence improving diagnosis.

Diagnosis of Mycobacterium Tuberculosis remains a 
challenge in District Health Centers and Clinics in Ugan-
da. Direct Ziehl-Nelseen staining method on sputum 
samples is the conventional Laboratory method for diag-
nosis of Tuberculosis. However, there are higher chances 
of missing TB positive cases due to insufficient sensitiv-
ity. This would eventually lead to TB transmission and 
hence mortality. There is a need of alternative ways of 
improving sensitivity of sputum microscopy. Therefore, 
the aim of this study was to find out whether use of So-
dium Hypochlorite to concentrate sputum improves sen-
sitivity compared to direct ZN microscopy. The general 
objective was to compare operating characteristics of 
NaOCl concentration method and direct Ziehl-Nelseen 
method on sputum samples for diagnosis of Tuberculo-
sis. The specific objectives were: 1) To determine sen-
sitivity and specificity of ZN on concentrated and un-
concentrated sputum samples among TB presumptive 
patients attending Mulago Hospital. 2. To assess how 
clinical, sociodemographic, and sample characteristics 
affect concentrated sputum ZN positivity.

2. Materials and Methods

Study design

This was a cross-sectional study of the comparison 
of Sodium hypochlorite concentrated and direct Ziehl-
Nelseen stained sputum smears processed in the period 
ranging from January-March 2016.

Study area

The study was conducted in TB ward laboratory, Mu-
lago National Referral Hospital. Mulago Hospital is lo-
cated three kilometers from Kampala city, the Ugandan 
capital city.

T
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Target population

All adult TB suspect patients visiting the TB ward at 
Mulago Hospital in Kampala, Uganda made up the tar-
get group. 

Sample

Adult patients attending TB ward in Mulago Hospital, 
Kampala, Uganda between January and March 2016. 
Early morning sputum samples from 114 patients at-
tending Mulago Hospital TB ward from January to 
March 2016 of adult TB Presumptive patients of either 
sex, having a cough for three weeks or more, staying-
with people who have tested positive on a sputum smear 
regardless of how long they have had a cough, collected 
in well labeled and clean containers recommended for 
sputum sample collection with complete laboratory re-
quest forms and signed consent forms were received, 
analyzed and included in the study. Sputum samples 
without complete filled laboratory request forms and 
signed consent forms plus those collected in wrong con-
tainers were excluded from the study.

Sample size determination (Equation 1):

1. N=
      

         

 The sample size was determined according KP Suresh 
& S Chandrashekara’s formular [5].

Where, P1= Sensitivity of NaOCl, 

P2= Sensitivity of direct ZN and P= 

 

𝑃𝑃� � 𝑃𝑃�
2  

P1 =60.2% P2 =30.8% P=91% , When expressed as a 
proportion;

P1=0.602 P2=0.308 P=0.455

Zα is 1.96 and Zβ is 0.84 from the statistical tables. Sub-
stituting in the formular, N=49.75.

Minimum sample size (N) is 50 samples. However, for 
the purposes of increasing statistical power, a sample 
size of 114 samples was considered in this study.

Data collection methods

The clinical, socio-demographic data, ward, identifica-
tion number, date, macroscopy and microscopy results 

of the patients were recorded. The questionnaire was 
used during collection of such information.

Laboratory procedures

Early morning sputum samples were taken in a sterile, 
leak-proof labelled container with a wide aperture by 
patients soon after they wake up and before any mouth 
wash was used. The patient was requested to cough 
deeply to produce a sputum specimen.

Two sets of sputum samples were collected and smears 
were prepared from each sample. The muco-purulent 
portion of the sputum was placed on a fresh, spotless, 
and grease free glass labeled slide for the first set, and 
it was then left to air dry. Dried smears were heat fixed 
and stained by ZN staining method. During this staining 
method, strong Carbolfuchsin stain was poured on the 
heat fixed slides on a staining rack and then heat was 
applied until vapor came. Slides with the stain were ex-
posed for five minutes. After that, the slide was washed 
with fresh water and decolored for five minutes using 
25% sulfuric acid. This was followed by washing and 
then counter stained with methylene blue stain for 2 
minutes. Finally, the slides were washed and air dried 
ready for examination.

For the second sample, 1-2 ml of sputum was placed 
in disposable falcon tubes with a screw lid. The test tube 
was filled with an equal volume of 5% sodium hypo-
chlorite and left at room temperature for 30 minutes. 
The test tube was shaken intermittently and about 8 ml 
of distilled water was added to the test tube. The test 
tube was then centrifuged at 3000 g for 15 minutes. Af-
ter carefully discarding the supernatant, the sediments 
were used to make smears. Heat was used to fix the 
smears, and the ZN staining procedure was used to stain 
them similarly (Appendix:1).

Determining the sensitivity and specificity of 
NaOCl concentration and direct ZN methods

Dried ZN-stained smears were read microscopically 
and reported as positive for AFBs if any definite red 
bacilli (singly or in tiny groups, with rods that are ei-
ther straight or slightly bent or beaded) were seen and 
negative if no AFBs seen on a blue-green back ground. 
The results were compared to the gold standard method 
“GeneXpert” to ascertain results that are real positive, 
real negative, false positive, and false negative. Sensi-
tivity, specificity, and predictive values were computed 
from the results after tabulating them as follows [6] 
(Equation 2);
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2. 

Sensitivity= 
  

  100 

Specificity= 
 

   100  

Positive predictive Value=  
  

   100 

NegativePredictiveValue=
  

   100    

 

The test whose calculated value for sensitivity was 
high was considered to be more sensitive than the other. 
On addition, the test whose calculated value for specific-
ity was high was considered to be more specific than the 
other. The test whose Positive predictive value was high-
er than the other indicated that the test correctly identi-
fied the disease. Alternatively, the test whose Negative 
predictive value was higher than the other indicated that 
the test identified correctly those without the disease.

Assessing how clinical, sociodemographic, and 
sample characteristics affect concentrated sputum 
ZN positivity

The questionnaire was used to gather information on 
the sociodemographic and clinical aspects like Age, Sex, 
gender, occupation, locality, smoking status, alcohol 
consumption status etc. of the patients (Appendix 2). The 
nature of the sputum samples was recorded i.e. whether; 
purulent, muco-purulent, mucoid, muco-salivary, and 
blood stained. The results of positive smears were tabu-
lated and the odds ratios were calculated to determine the 
effect of the factors on concentrated ZN positivity.

Data analysis and presentation

Determining Sensitivity and specificity of NaOCl 
concentration and direct ZN methods

The results of this objective were summarized in form 
of proportions (sensitivity, specificity and predictive val-
ues). Data was analyzed by 2X2 contingency table using 
SPSS software, version 19 at 5% level of significance.

Assessing how clinical, sociodemographic, and 
sample characteristics affect concentrated sputum 
ZN positivity

Prediction of ZN Positivity was assessed using Logistic 
regression analysis basing on prevalence of TB in the study 
area (Appendix 3: Logistic regression). Interacting effects 
were assessed using log likelihoods (Chunk test) and non-
interacting variables that moved out of model were assessed 
for confounding effects at 5% level of significance. The fi-
nal model was written in tabular form showing measure of 
effect at 95% confidence interval and P.

Quality control

Results for all samples using either method were com-
pared to the gold standard (reference test results) “GeneX-
pert” which almost has the same sensitivity (92.2%) and 
specificity (99%) [7] as culture method whose sensitivity 
is about (81%) and specificity of (98.5%) [8]. This helped 
in identifying true positive, true negative, false positive 
and false negative results to assess the statistical findings 
of direct ZN and NaOCl concentration techniques.

Slides made using both techniques were assessed using 
the RNTCP guidelines after being individually examined 
by another skilled Laboratory Technologist using bright 
field microscopy to eliminate observer bias (Appendix 1).

The smears were stained along with known positive 
and negative slides to make sure that the stains and mi-
croscopic examination were satisfactory.

All stains were filtered daily and put in clean staining 
containers to avoid any contamination that can lead to 
artifacts formation.

The smear was not touched with the end of the oil dis-
penser because this could transfer AFBs from one prepa-
ration to another.

Ethical considerations 

The research proposal was sent to Mulago Hospital’s 
research and ethics committee (REC) for review after 
being approved by Makerere University’s, College of 
Veterinary Medicine, Animal Resources and Biosecurity, 
School of Biomedical Laboratory Technology (MREC: 
915). A letter of introduction was given to the investi-
gator that introduced him to the head of the laboratory 
section of the TB unit so that he conducts research there. 
In order to maintain the highest level of confidentiality, 
data was coded to avoid patient names.

3. Results

The sensitivity and specificity of NaOCl concen-
tration and direct ZN techniques

This study involved 114 patients in all, with 58 men 
(50.9%) and 56 women (49.1%). Overall, 120 sputum 
samples from the 120 patients were obtained; however, 
6 samples from 6 individuals were eliminated from the 
study because they did not match the requirements, 
leaving 114 samples overall. Ziehl-Nelseen staining 
findings from the two approaches and GeneXpert were 
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compared. Of the total 114 samples, 82 (71.9%) samples 
were positive by GeneXpert test (gold standard), where-
as by NaOCl Concentration method 79 samples (69.3%) 
were found positive. However, with direct Ziehl-Nel-
seen method, 65 samples (57.0%) were found positive, 
thus a difference of 14 samples in positivity was noted. 
When compared to the direct Ziehl-Nelseen method with 
a 57.0% case detection rate, these 14 additional cases di-
agnosed represented an increase to 69.3%. The rise of 
12.3% is very significant when compared to the direct 
Ziehl-Nelseen method with P<0.005 (χ2=95.38).

Laboratory findings show that there were 65 true posi-
tive samples and 16 false negative samples, 3 false posi-
tives and 30 true negatives (Table 1). Findings of analy-
sis show that the sensitivity of direct ZN was 80.2% and 
the specificity of 90.9%. Furthermore, the positive pre-
dictive value was 0.96 and the negative predictive value 
was 0.65. The technique was found to be 83.3% efficient 
in detecting TB.

A comparison of the direct sputum smear ZN 
method and sodium hypochlorite concentration 
method.

Laboratory findings show that there were 79 true posi-
tives samples, 2 false negatives, 31 true negatives and 2 
false positives (Table 2). Findings of the analysis show 
that the sensitivity was 97.5% and specificity of 93.9%. 
Additionally, both the positive and negative predictive 

values were 0.98 and 0.94 respectively. The technique 
was found to be 96.5% efficient in detecting AFB and 
the chi-square distribution showed χ2=95.382 with 
P<0.05 at α=0.05and df=1.

The Clinical, Socio-demographic, and Sample 
characteristics’ effects on ZN positivity

The effect of clinical, socio-demographic factors and 
sample appearance on ZN positivity in this study was not 
statistically significant. The results from logistic regres-
sion indicate that the independent variables do not sta-
tistically influence an individual’s TB status (P=0.796) 
and contribute a paltry 10.6% of the variation in the TB 
status of a respondent (Table in Appendix 3). A look at 
each of the variables indicates that there are no statisti-
cally significant.

4. Discussion 

Currently, direct sputum microscopy is the least ex-
pensive and most practical way to diagnose pulmonary 
tuberculosis in national programs, especially in low-in-
come nations like Uganda. AFB may be found in sputum 
quickly, cheaply, and with great specificity using direct 
sputum microscopy. The depressingly low sensitivity of 
this method is a major drawback. The high incidence of 
pulmonary tuberculosis with a smear negative result fre-
quently reflect the limited sensitivity [3].

Table 1. Result of Ziehl Nelseen of the analysis for the ZN direct sputum smear technique and GeneXpert (a reference method)

Direct Smear
GeneXpert (Gold Standard)

Total
Positive Negative

Positive 65 3 68

Negative 16 30 46

Total 81 33 114

Table 2. Result of Concentrated sputum smear Ziehl-Nelseen technique with GeneXpert (a reference method)

NaOH Conc Sputum Smear
GeneXpert (Gold Standard)

Total
Positive Negative

Positive 79 2 81

Negative 2 31 33

Total 81 33 114
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The NaOCl concentration method has a special advan-
tage in overburdened control programmes, where the 
laboratory workers, because of the large workload, can’t 
endure to spend the required 5 to 10 minutes in the ex-
amination of one slide. Careful preparation and examina-
tion of the smear made directly from the sputum gives a 
sensitivity of round 55% compared with culture, whereas 
the sensitivity of NaOCl method is around 70%. This 
shows a difference of 15%. The results in this study show 
that concentrating sputum with sodium hypochlorite fol-
lowed by centrifugation had sensitivity of 97.5% and 
specificity of 93.9% compared to that of direct sputum 
smear with sensitivity of 80.2% and specificity of 90.9%. 
Almost a similar difference of 17.3% in sensitivity was 
obtained with NaOCl concentration method compared to 
direct sputum smear in this study. This is in agreement 
with a study [9] which found that bleach digestion im-
proved sensitivity of ZN method from 30.8% to 60.2% 
in studies done in Ethiopia and India. The increased sen-
sitivity of the NaOCl concentration method of 97.5% is 
likely attributed to the significantly higher density of ba-
cilli per microscopic field obtained in this method and 
the reduction of the debris giving a clear field of view as 
observed in one of the previous studies [4]. 

It is a prevalent misconception that mycobacteria stay 
buoyant during centrifugation because of their lipid coat. 
Contrary to popular opinion, the bleach method has been 
successful in enabling bacilli to deposit at the bottom 
of the test tube following centrifugation. According to 
Annam et al. [10], this better recovery is likely brought 
about by changes in the surface characteristics of the 
bacilli (such as charge and hydrophobicity), as well as 
denaturation of the material, which causes flocculation 
and subsequently increases the pace at which the AFB 
sediments. Both observers noted that the fields were 
clean and had less detritus in the smears made follow-
ing the sodium hypochlorite treatment. They also noted a 
notable rise in the average number of AFB seen per field, 
making the observation less taxing for the observers.

The high sensitivity (80.2%) of direct sputum smear 
was due to high prevalence of TB in the study population 
conducted in this setting. This was because TB ward is a 
referral center for other neighboring facilities hence high 
prevalence.

NaOCl concentration technique resulted in a 12.3% 
rise in sputum smear positive overall in this study. Tan-
zanian researchers [11] reported that using this concen-
tration method as opposed to the direct ZN method, there 
was an increase in smear positivity by 15.6%. Addition-
ally, one of the previous studies [3] reported a 7.11% in-

crease in positivity. Utilizing sodium hypochlorite as a 
pre-treatment prior to concentration does not require a 
lot of labor and can be done by the same technical team 
with the addition of a centrifuge machine. Only samples 
that test negative using the standard ZN method can 
be retested using the sodium hypochlorite concentra-
tion method, if not all of them. This can be completed 
the same day because only a half-hour of preparation 
is needed. For all patients with negative sputum smear 
results, results can be provided with a delay of no lon-
ger than 24 hours. A significant increase in positivity of 
12.3% (from 57.0% to 69.3%) in the new case detection 
in this study clearly demonstrates that higher sensitivity 
makes up for a 24-hour reporting delay.

NaOCl has the benefit of lowering the possibility of 
laboratory infection in addition to being a strong dis-
infectant. This method is suitable for controlling out-
breaks, as NaOCl is inexpensively and widely accessible 
as household bleach. The time required for the evalua-
tion of the slides is decreased when samples are prepared 
using the NaOCl concentration method. The workload 
at TB laboratories might be lessened by this strategy. 
Though there was a significant increase in sensitivity 
with NaOCl concentration method, the specificity of Na-
OCl concentration method and direct sputum smear was 
relatively the same 93.9% and 90.9% respectively. How-
ever, on the same note NaOCl concentration method was 
found to be more efficient in detecting AFBs than direct 
sputum smear with 96.5% and 83.3% efficiency respec-
tively. The values obtained from concentration of bacilli 
by NaOCl concentration method by centrifugation are 
statically significant (X2 =95.38, P<0.05 at α 0.05 and 
df=1). The findings of this study demonstrate a consid-
erable increase in the sensitivity of the Ziehl-Nelseen 
method following the liquefaction of sputum samples 
with NaOCl and centrifugation. Thus, it was discovered 
that the concentration method was very sensitive.

There was no statistically significant relationship between 
the clinical, sociodemographic, sample characteristics and 
ZN positivity in this investigation. The results from logis-
tic regression indicate that the independent variables do not 
statistically influence an individual’s TB status (P=0.796) 
and contribute a paltry 10.6% of the variation in the TB 
status of a respondent (Appendix 3: Logistic regression). 
A look at each of the variables indicates that there are no 
statistically significant. This implies that none of the vari-
ables relate with the TB status. It is well known that smok-
ing and drinking contribute to the development of active 
TB, but in this study, smoking and drinking were not linked 
to active TB. This finding is likely as result of a social de-
sirability bias in which smokers and drinkers downplayed 
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their use of these substances. This matched the findings of 
a research by Davies and others [8]. In their study, urban 
inhabitants had a greater prevalence of PTB with a positive 
smear (65.4%) than rural residents. This result was in line 
with research conducted in India, where a researcher [12] 
reported a prevalence of smear-positive TB of 69.2%. The 
cramped living circumstances in urban areas may be one of 
the contributing factors. Additionally, living with a TB pa-
tient was one of the most significant predictors of PTB with 
a positive smear, which may be related to the possibility that 
increased PTB transmission could result from frequent con-
tact with TB patients in a household. However, the results 
of this study indicated that there was no statistically sig-
nificant correlation between ZN positivity and living with a 
TB patient. Age, sex, educational attainment, employment 
position, marital status, and sample appearance had no sta-
tistically significant correlation with ZN positive (P>0.05).

5. Conclusions

NaOCl concentration method had higher sensitiv-
ity than direct sputum smear with 97.5% and 80.2% 
respectively. Following treatment with 5% sodium hy-
pochlorite solution, increased microscopy sensitivity is 
most likely caused by concentration, which increases the 
number of bacilli per field and creates clean fields with 
less debris.

 The specificities were almost the same with NaOCl 
method at 93.9% and direct sputum smear with 90.9%.

Direct sputum smear showed a positive predictive val-
ue of 0.95 and a negative predictive value of 0.65, while 
the NaOCl concentration approach had a positive predic-
tive value of 0.98 and a negative predictive value of 0.94.

The efficiency of NaOCl concentration method was 
96.5% while that of direct sputum smear was 83.3%. 
This indicated that NaOCl concentration method was 
more efficient in detecting AFBs than direct sputum 
smear. Clinical, sociodemographic, and sample charac-
teristics in this study had no statistically significant im-
pact on ZN positive.

Recommendations

According to the findings of this study, the NaOCl con-
centration approach should be used for an accurate diag-
nosis of pulmonary tuberculosis. To support this finding, 
the impact of clinical, sociodemographic, and sample 
appearance should be re-evaluated with a larger sample 
size and in field settings.
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Appendix 1. Procedure of ZN Staining for M. tuberculosis and reporting of AFBs

Required

– Strong Carbol fuchsin stain (filtered) 

– Acid alcohol, 3% v/v 

– Methylene blue (5g/l w/v)

Method

1. A small flame will be passed under the dried smear slide 3 times to and froth to fix the smear.

2. The smear will be covered with strong carbol fuchsin stain.

3. The stain will be immediately heated until vapour just begins to rise; a small flame will be applied under the slides 
using an ignited swab previously dampened with a few drops of acid alcohol or 70% v/v ethanol or methanol.

4. The heated stain will be allowed to remain on the slide for 5 minutes.

 5. The stain will be washed off with clean water after 5 minutes.

6 .The smears will be covered with 3% v/v acid alcohol or 25% Sulphilic acid for 5 minutes or until the smear is suf-
ficiently decolorized, i.e. pale pink.

7. The decoloriser will be washed off with clean water.

8. The smear will be covered with methylene blue stain for 1–2 minutes.

9 .The stain will be washed off with clean water.

10. The back of the slide will be wiped for purposes for cleaning the slide, and then placed in

a draining rack for the smear to air dry.

11. The smear will be examined microscopically, using the 100 oil immersion objective.

Results

AFB . . . . . . Red, straight or slightly curved rods, occurring singly or in small groups, may appear beaded.

Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . Green

Background material . . . . . . . . . . . . . . . Green

When any definite red bacilli are seen, the smear will be reported as ‘AFB positive’ and an indication number of the 
bacteria present will be given as follows:

More than 10 AFB/field . . . . . . . . . . . Report +++

1–10 AFB/field . . . . . . . . Report ++

10–100 AFB/100 fields. . Report +

1–9 AFB/100 fields . . . . . Report the exact number

When no AFBs are seen after examining 100 fields, it will be reported as ‘No AFB seen’. 
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Appendix 2. Questionnaire

Dear Client, my name is Habokwesiga Laban a student from Makerere University, COVAB here to do a study on TB. 
This questionnaire is designed to accomplish the study underway on the Diagnostic performance of Sodium Hypochlo-
rite method versus Direct ZN among PTB presumptive patients attending Mulago Hospital, Kampala. I will therefore 
need your cooperation in ticking in the box where you belong. All information provided will be kept confidential.

Tick the choice where you belong in the box provided

1. Age in years; 

a) 10-18 b) 19-40  c) above 40

2. Sex: 

a) Male  b) Female

3. Have you had a history of TB in your family? 

a) Yes b) No 

4. Marital status: 

a) Married   b) Single c) widowed

d) Divorced 

5. Do you take/drink alcohol? 

a) Yes  b) No 

6. Do you smoke? 

a) Yes  b) No 

7. HIV status: 

a) Positive  b) Negative  c) Do not know 

8. Occupation: 

a) Civil servant  b) Business 

c) Peasant  d) Others 

9. Education status: 

a) Primary  b) Secondary c) Tertiary 

d) University e) None 

10. What is your area of residence? 

A) Urban  b) Rural 

Participant’s Number.................................................... Date....................................................
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Log likelihood -54.260 LR chi2(18) 12.93

Number of obs 99 Prob>chi2 0.796

  Pseudo R2 0.106

TB results Negative Reference
z  P>|z| [95% Conf. Interval]

Positive Coef. Std. Err.

AGE group

10 to 18 Reference     

19 to 40 -0.32491 1.053414 -0.31 0.758 -2.38957 1.739739

Above 40 -1.09143 1.261227 -0.87 0.387 -3.56339 1.380529

Sex 
Female Reference     

Male -0.094 0.536 -0.180 0.861 -1.145 0.957

TB history 
No Reference     

Yes -0.576 0.570 -1.010 0.312 -1.693 0.541

Marital status 

Married Reference  

Single 0.124 0.567 0.220 0.827 -0.987 1.235

Windowed 0.000 (omitted)  

DIvorced 0.000 (omitted)  

Drink alcohol 
No Reference     

Yes -0.590 0.649 -0.910 0.364 -1.861 0.682

Smoke 
No Reference  

Yes 0.582 1.125 0.520 0.605 -1.623 2.788

HIV status

Negative Reference     

Positive 0.776 0.601 1.290 0.196 -0.401 1.954

Do not know 0.000 (omitted)    

Occupation

Civil servant Reference  

Business -16.225 2258.372 -0.010 0.994 -4442.552 4410.103

Peasant -15.604 2258.372 -0.010 0.994 -4441.931 4410.724

Others -17.270 2258.372 -0.010 0.994 -4443.598 4409.058

Education status 

Primary Reference     

Secondary -0.892 0.656 -1.360 0.174 -2.177 0.393

Tertially -0.497 1.017 -0.490 0.625 -2.489 1.495

University -0.902 0.875 -1.030 0.302 -2.616 0.812

None 0.000 (omitted)    

Appendix 3. Logistic regression: Assessing how clinical, sociodemographic, and sample characteristics affect concentrated 
sputum ZN positivity
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Log likelihood -54.260 LR chi2(18) 12.93

Number of obs 99 Prob>chi2 0.796

  Pseudo R2 0.106

TB results Negative Reference
z  P>|z| [95% Conf. Interval]

Positive Coef. Std. Err.

Area of resi-
dence 

Rural Reference  

Urban 0.42389 0.709154 0.6 0.55 -0.96603 1.813807

Sample  
appearance

Salivary Reference     

mucosalivary -0.062 0.587 -0.110 0.916 -1.212 1.088

mucopurulent 0.180 1.542 0.120 0.907 -2.843 3.202

Blood stained -0.693 1.102 -0.630 0.530 -2.853 1.467

Constant  17.919 2258.372 0.010 0.994 -4408.410 4444.248
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