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ABSTRACT

Background: Globally, more than half of all TB cases are not detected. If they are not diagnosed and get 
treatment infection transmission may continue and patients suffer and may eventually die. Pulmonary 
TB either smear positive or negative is normally diagnosed by Ziehl- Neelsen stained sputum smear 
examination microscopy. Since the culture is the gold standard, evaluation of smear negative TB cases 
by this method is likely to detect more cases.

Objectives: The objective of this study is to find out culture positivity among smear negative patients.

Methods: All the three sputum samples reported negative by Ziehl-Neelsen microscopy from a total of 
138 new TB suspected cases more than 15 years of age at NTC Laboratory. Nepal were cultured on 
Lowenstein-Jensen media. Tubes showing sufficient growth (culture positive) were recorded and all the 
culture positive results were informed to NTC. The culture positive samples were processed for DST on 
first line drugs using proportion method.

Results: The culture positivity rate was 5.1% (7 of 138 cases) All the positive cultures were processed 
for DST on first line anti-TB drugs and none showed resistance of the total 138 suspected Tuberculosis 
patients, 94 (68.1%) were males and 44 were females (31.9%) with male: female ratio 1:047. The mean 
age of the total patients were 30.69. Nearly 42% of them belonged to 31-50 years. Mean age of the male 
patients was significantly higher than total of the female (p<.001).

Conclusions: Seven smear negative cases among the total of 138 suspected TB patients attending 
NTC were culture positive. Similar study has to be done in other parts of the country. 
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INTRODUCTION
 
The detection and management of smear positive 
pulmonary disease is the principal aim of National 
Tuberculosis Control Programmes. However, 
smear negative disease is also a common clinical 
problem.

Several studies1 have identified the clinical 
characteristics of persons with the most infectious 
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from of TB those harbouring the largest number 
of organisms, with acid-fast bacilli (AFB) found by 
microscopic examination of stained sputum (AFB 
smear positive). However, patients with active 
TB who have negative sputum smear results 
are also capable of transmitting the infection. 
(McPhredan FM et al/Grzybowski et al)2,3 The 
relative transmission rate of smear negative  
TB patients compared to smear positive TB  
patients has been calculated at 22% using a 
molecular epidemiological technique4 . Although 
persons with smear negative TB are less 
infectious than the smear positive patients, the 
overall contribution to disease transmission  
is considerable because half of all patients with  
TB can present with negative sputum smear 
findings. 5 
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The microscopic examination of sputum smear 
stained by Ziehl-Neelsen method can detect bacilli 
when they are of the order of 104 per ml of sputum. 
Sputum smear microscopy has been shown to 
have a sensitivity of 96.5% specificity of 34.9%  
with a positive predictive valve of 17.3% and 
negative predictive value of 99.9% in Gizybowski’s 
series.6  

It is known that considerable transmission occurs 
before the level of bacilli reach 104 /ml in the sputum. 
During this period of unknown duration the person 
continues to transmit the infection. It has also 
been established that sputum smear microscopy 
is less sensitive in HIV associated TB. Therefore 
it is important to diagnose from the smear-positive 
case of the future, not only for individual person but 
also for public health perspective. .

It has been proved that the probability of finding 
acid-fast bacilli by sputum smear microscopy is 
directly related to the concentration of bacilli in the 
sputum. Thus, when 1 ml of sputum contains fewer 
than 10,000 but more than 1,000 organisms per 
ml, the chances decreases rapidly, the result being 
negative in about 96% of cases.7

All sources of error being eliminated, the 
concentration of bacilli is the sputum is determined 
largely by the type of tuberculosis lesion from which 
the bacilli originate. Thus, a cavity about 2 cm in 
diameter (opening into a bronchus) may contain 
some 1008 i.e., one hundred thousand times 
fewer. Sputum from patients with tuberculosis lung 
cavities, containing softened necrotic particles 
with enormous amount of bacilli, will thus usually 
be found positive by direct smear microscopy. 
In contrast, sputum from patients with nodular, 
encapsulate lesion discharging only small amounts 
of bacilli will almost invariably be negative by 
smear microscopy. Only by using refined laboratory 
techniques, such as culture, can small number of 
bacilli be demonstrated9. 

About 5000-10,000 acid fast bacilli (AFB) per 
millilitre of sputum must be present for detection 
by smear, whereas culture required only 10-
100 viable organisms.10 Hence, smear negative 
culture positive patients generally have minimal 
disease with low bacillary counts rather than 
far advanced cavitary TB with heavy bacillary 
burden. For example, a US study of HIV negative 
culture positive patients estimated that negative 

smears are obtained from 60%-80% of patients 
with minimal disease, from 30%-40% of cases 
with more extensive disease, but only 5%-10% of 
patients with extensive cavitary lesions. 11  

Study conducted by the NTI Bangalore revealed 
that 35% culture positivity among smear negative 
patients. Smear negative culture positive cases 
are also associated with mortality. Longitudinal 
surveys conducted between 1961 and 1963 
among untreated TB patients in Bangalore District, 
South India found that the mortality rate during  
the first 18 months of follow-up was 34.7% for 
smear postive patients, 14.1% for smear negative 
culture- positive cases, and about 5% for smear 
negative culture negative cases diagnosed radio 
logically.12 

The difficulty of demonstrating small number 
of bacilli regularly has been shown in studies 
described elsewhere (1970)13, (1971)14, (1976)16. 
The burden of sputum smear negative tuberculosis 
in Nepal is not known. According to our knowledge, 
culture results among smear negative TB suspects 
were not studied in Nepal. Hence, the aim of this 
study was to find out culture postivity among smear 
negative patients.

MATERIALS AND METHODS
 
Study Design: Prospective study

Study Population: All the new suspected TB cases 
attending National TB Centre (NTC) Laboratory, 
Nepal for diagnosis.

Inclusion criteria: All the new TB suspects more 
than 15 years of age attending the NTC OPD Clinic/
diagnosed by all three sputum smear & declared 
smear negative on microscopic examination in 
NTC Laboratory.

Exclusion criteria: Smear +ve and/or AFB 
detected after sample processing/inoculation 
suspected EP and contaminated samples while 
processing for culture. 

Study site: NTC OPD Clinic/NTC Laboratory.

Sampling method: Consecutive or non 
randomized sampling method was applied. The 
details of the patients (name, age, sex, type of 
patient, sputum examination requested for) were 
collected from the Laboratory register.
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Sample size: 138. The sample size was calculated 
by using the formula recommended by WHO 16 as
n=  z2  (p) (1-p)  

          d2

Where n= sample size
Z= 1.96
p= anticipated prevalence # (10%)
d=absolute precision (5%)
While applying equation/formula; n= (1.96)2 * 
(0.1)1-0.1) / (0.05)2

	 = 3.84 *(0.1) (0.9) /0.0025
	 =138

# (Anticipated prevalence of 10% for smear 
negativity was assumed since the smear positivity 
rate among new case is 10% which is very close 
to the rate of smear negative or the ratio of smear 
positive  and smear negative 1:1). 

Sputum smear negative samples from a total of 138 
new TB suspects (3 sputum samples per suspect 
were pooled and counted as one sample) were 
processed for this study. The samples showing 
AFB positive after processing or contamination, 
were replaced (approximately 10-15%) with new 
sample from new TB suspects. Record for the 
same was maintained and intimated to NTC, Nepal 
whenever required.

Data Collection: A separate laboratory register 
(an original source of data) was maintained for the 
details of suspects and smear or culture results.

Ethical issue: As secondary sample was used 
institutional permission was taken from National 
Tuberculosis Center (NTC), Nepal.

Laboratory procedures:
	 The NTC Laboratory staffs were oriented for 

keeping all the samples until microscopic 
examination and to coordinate with SAARC 
TB Reference Laboratory (STRL) staff.

	 All three fresh sputum samples (3-5 ml 
each) found negative after examination were 
collected.

	 After centrifugation, inoculation was done and 
observed every week upto eight weeks.

	 All the positive cultures were processed for 
DST on first line anti-TB drugs (SHRE*) using 
proportion method.

	 All the information for culture positive samples 
was sent to NTC. The DST results were also 
sent to NTC after completion. The records for 
culture and DST were maintained.

S= Streptomycin
H= Isoniazid 
R= Fifampicin
E= Ethambutol

RESULTS
 
Age and sex distribution of the study sample

Among the total of 138 suspected tuberculosis 
patients, 94 (6.1%) were males and 44 were 
females (31.9%) with male: female ratio 1:0.47. 
The mean age of the total patient was 30.69 
years. Nearly 42% of them belonged to 31-50 
years age group. Mean age of the male patients  
was significantly higher than that of the female 
(p<001).

Table 1: Distribution of Smear negative and culture 
positive results (sex & age wise)
Smear 
negative

Culture positive
15-30 
yrs

31-50 
yrs

>50 
yrs

Total (%)

Male 2 2 2 6(4.35%)
Female - 1 - 1 (0.72%)
Total 2 3 2 7 (5.07%)

One hundred and forty seven (147) sputum 
samples were received in the STRL. Five samples 
were discarded due to the contamination. Another 
four samples were negative in the routine laboratory 
and positive in STRL were also excluded from the 
study.

Table 2: Comparison of smear results in reference 
laboratory and routine laboratory (n=144)

NT
C 

Ro
uti

ne
 

La
bo

ra
tor

y

SAARC TB Reference Laboratory
Smear +ve Smear –ve Total

Smear +ve 0 0 0
Smear –ve 4 140 144
Total 4 140 144

False negative rate at routine laboratory is 
=4/144=2.8%
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Table 3: Culture positivity among smear negative TB 
suspects (n=138)

Sm
ea

r r
es

ult
s 

in 
re

fer
en

ce
 la

b Culture results
Culture+ve Culture–ve Total

Smear +ve 0 0 0
Smear –ve 7 131 138
Total 7 131 138

Culture positivity rate among smear negative TB 
suspects =7/138=5.1%

DST pattern of culture positive patients (n=7: No 
resistance was reported.

DISCUSSION
 
The most striking shortcoming perhaps of current 
TB control efforts is the inability of programmes 
to accurately diagnosed TB in a large proportion 
of patients, particularly in HIV infected individual 
and children. Globally, more than half of all TB 
cases are not detected, the results of health care 
system weakness and the inadequacy of available 
technology. If diagnosis is absent, patients are not 
treated, transmission may continue patients suffer 
needlessly and many eventually die. Pulmonary 
TB either smears positive or negative is normally 
diagnosed by Ziehl-Neelsen stained sputum smear 
microscopy. Major drawback of this method is, it 
requires more than 5000 bacilli per ml of sputum 
to detect on a smear. Since the culture is the gold 
standard, evaluation of smear negative TB cases 
by this methods is likely to detected more cases.

Before the HIV epidemic, two well- performed 
sputum examination were considered as a single 
culture.12 With the increasing rate of smear-
negative disease and the rising prevalence of drug 
resistance, culture facilities may need to be more 
widely available in developing countries, and new 
convenient TB diagnostics are urgently needed. 17

During this study, we found that 7 (5.1%) smear 
negative TB suspects were culture positive. Study 
conducted by Dhingra et al 18 reported 9.3% of 
culture positivity among smear negative patients. 
Similarly, Prasad19 reported 7% culture positivity 
among smear negative cases. In our study samples 
from TB suspects were taken where as in other 2 
study compared to other studies may be due to this 
reason.

In a Romanian and Indian study, 35% of 557 
Romanian patients and 28% of 296 Indian patients 
had positive cultures initially. 20 

The proportion of cases of smear-negative 
tuberculosis will depend primarily on clinical mix, 
but can be minimized by: (a) good sampling (b) 
careful technique (c) technical expertise (d) good 
microscopic facilities. There will still be a proportion 
of patients in whom organisms are scanty such 
patients pose a diagnostic challenge.

The association of AFB-negative smears with lower 
bacillary burdens and minimal pulmonary lesions 
would imply that the infectivity and the mortality 
of smear negative disease should be lower, and 
that less intensive chemotherapy may adequately 
treat this condition. Study conducted by Rouillon 
et al 10 revealed that revealed that the prevalence 
of infection among children exposed to smear-
positive cases varied between 30%-65%, whereas 
the tuberculin reactivity rate was only 4.7% -26.8% 
among contacts of smear negative patients, whose 
TB diagnoses were based on positive culture. 
In Rouillion’s study prevalence of infection was 
measured by tuberculin reactivity. However, in 
studies in high incidence environment in India  
and Africa, the infection rate among young  
contracts of smear-negative cases was similar 
to that in the general population or in house-
holds without documented TB.10 To prevent such 
transmission it necessary to detect culture positive 
cases.

The sensitivity of the AFB result is known to be 
poor, varying between 30% and 70% depending 
on a number of factors relating to how the test 
is implemented. The sensitivity is improved by 
concentration of sputum specimens and use of 
fluorescent microscopy, but reduced in patients 
with HIV disease.

Truly negative smear results of course, do not 
preclude TB disease. Culture of clinical specimens 
will confirm the diagnosis in smear positive cases 
and usually identify that many cases again of 
smear negative disease. This is because the 
culture is more sensitive (80% - 85%), being able 
to detect as few as 10 bacteria per ml of sputum. 
It is also very specific (98%) and allows, DST as 
well as genotyping of the isolate.21 Until recently, 
smear negative TB cases were thought not to 
contribute significantly to secondary transmission. 
The frequency of coughing, viscosity of the 
sputum, organism virulence and host factors are 
likely to play a role. Population based studies 
have estimated that smear negative patients with 
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TB may contribute to at least 17% of the disease 
incidence in a community.

Patients with smear negative PTB are substantially 
less infectious than those with smear positive 
PTB. The risk of contracting disease for house 
hold contract of smear negative, culture positive 
patients is about one tenth of that for contracts 
of smear positive patients. Positive culture of M. 
Tuberculosis with smear negative PTB in sub-
Saharan Africa revealed that about one quarter 
to one third of the smear negative pulmonary 
patients were confirmed diagnosed by culture as 
tuberculosis. Most of the smear negative cases 
found to have tuberculosis by culture were also 
diagnosed as HIV positive serologically.

In Zimbabwe; 12 smear negative cases among 
36 HIV +ve found to be culture positive for 
tuberculosis. Likewise, Zambia 11 cases of 27 HIV 
positive Rwanda 17 cases of 92 HIV positive and 
Malawi 30 cases of total 73; HIV test not done).

Children are more likely to become infected with 
TB and to be more susceptible to acquiring TB 
from smear negative sources. In one study done 
in British Columbia, Canada showed that 10% of 
children with TB acquired their disease from smear 
negative sources. During this study, 2.8% of false 
negative rate in routine laboratory was detected 
in comparison to reference laboratory. In many 
laboratories the staffs have to perform a wide 
range of duties, which reduces the time devoted to 
sputum smear microscopy.

Many positive AFB sputum specimens become 
falsely negative if left in a sputum container 
for over a week. There is often quality control 
performed, either by the laboratories themselves 
of by Central Reference Laboratory. The sensitivity 
of microscopic diagnosis could be improved by 
liquefying sputum with house hold bleach (sod 
hypochlorite sol) and concentrating mycobacteria 
by centrifugation. In Ethiopia, the sensitivity  
of sputum smears compared with culture was  
31% when smear were prepared directly 
from sputum after sod hypo treatment and 
centrifugation.22 

There are three types of laboratory services run by 
NTC Nepal (routine sputum examination, general 
laboratory, and culture and DST laboratory. 
Besides these, being a National TB Reference 
Laboratory, planning, procurement, training, 
supply, supervision, EQA of sputum microscopy for 
central region of the country as well as 5 regional 
quality control laboratories is done by 8 laboratory 

staff ( 2 Med technologists, 5 Lab technicians and 
one Lab attendant). NTC lab examines averagely 
100 samples a day and smears are prepared 
directly from sputum (may fish up saliva only 
or miss the stuffy part). In this study, 3 smear 
negative samples were pooled and taken as one/
suspect, and homogenization or liquefaction of the 
specimen was done with 4% NaOH followed by 
centrifugation to concentrate organisms. In such 
way, the accumulation of the organisms may have 
increased. But among a total of 4 false negative 
smears; 3 were scanty to 1+ positive and only 
one was detected 3+ by SAARC TB Reference 
Laboratory, for which sputum specimen were not 
collected on the same day. Nevertheless, each step 
of the laboratory procedure of sputum collection 
to recording and reporting should be completed 
properly, correctly and appropriately.

Till date, no study done for significant data how 
much is the culture positivity among smear 
negatives, in Nepal, It is encouraging that out of 7 
culture positives none of the culture was resistant 
to first line Anti TB drugs.

CONCLUSION AND RECOMMENDATION
 
Seven smear negative cases among the total of 
138 suspected TB patients attending NTC, were 
culture positive. Internal QC should be regulated 
in NTC laboratory and regular. Refresher training 
to laboratory staff is important. NTC laboratory 
should participate in national EQA programme 
and national EQA system should be strengthened. 
Similar survey to be done in other parts of the 
country, where high incidence and prevalence 
of TB cases occurs  and the proportion of smear 
positive and negative is very close to minimize the 
chances of disease transmission especially to the 
children (0-14 yrs).
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