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Abstract

The quality of sputum specimen remains crucial in the accurate diagnosis of TB. Good quality sputum makes for a high diagnostic 
yield while poor quality sputum yields false negative results and delays diagnosis. We aimed to determine the effect of sputum quality 
on smear microscopy results in a referral hospital in the Republic of Congo. The Sputum specimens were collected from suspected 
pulmonary TB patients and macroscopically observed using set quality parameters and then processed using standard Ziehl-Neelsen 
(ZN) staining for Acid fast bacilli (AFB). A total of 117 TB suspected patients submitted 229 sputum samples that was processed. Out 
of the 229 samples, 24.02% were of good quality (mucopurulent), 1.31% of average quality (blood tinged) and 72.49% of poor qual-
ity (saliva). There were 61 samples (26.64%) that tested positive for AFB while 168 (73.36%) were negative. The positive samples 
were mainly mucopurulent 88.52% (54/61), while the negative samples were mainly salivary 97,62% (164/168). Thus, 37 (31,62%) 
patients were diagnosed AFB smear positive (AFB+) and 80 (68.38%) AFB smear negative (AFB-). Smear negative TB was associated 
with poor quality sputum (saliva). The results of this study show that the quality of the sputum influences significantly the perfor-
mance of microscopy for the diagnosis of pulmonary tuberculosis and reveals the fact that inadequate sputum quality compromises 
the national efforts to control TB. In our study we had a good performance of the macroscopic assessment that identified smear-pos-
itive respiratory specimens associated with mucopurulent sputum and smear-negative respiratory specimens associated with saliva. 
It will be of major importance for health authorities to develop measures that encourage proper and good quality sputum collection 
for early and accurate pulmonary tuberculosis diagnosis thereby reducing disease transmission within the population. 
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Introduction
Despite tremendous efforts made in the control of Tuberculosis, 

the disease still holds many victims captive worldwide especially 

in developing countries. According to the WHO, 10 million active 
cases of TB were diagnosed in 2018 and a total of 1.2 million died 
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from the disease [1]. An efficient TB diagnosis is made by demon-
strating the presence of tubercle bacilli in the specimen collected 
by means of microscopy and/or culture in the laboratory. Culture 
is the gold standard for diagnosing pulmonary tuberculosis of a 
sputum specimen. However, due to lack of access to culture facili-
ties and the long turn-around times involved with sputum culture, 
sputum microscopy remains the mainstay of diagnosis for acid-fast 
bacilli (AFB) and treatment follow up because of its availability, 
operational feasibility and ability to identify the highly infectious 
forms of TB in many developing countries [2,3] including Congo 
Brazzaville. 

Sputum smear microscopy, although quick and easy to perform, 
suffers from low specificity and sensitivity and the quality of spu-
tum plays a major role in the quality of the microscopy result [2,4-
7]. Examining the specimen quality before diagnosis by a skilled 
laboratory staff is essential to diagnose TB accurately and avoiding 
missed cases. Generally, sputum provided for AFB examination is 
first assessed macroscopically by laboratory staff in many TB di-
agnostic centers. 

A visual acceptance of a good quality sputum consists of recent-
ly-expectorated biological material from the bronchial tree, with 
minimum amounts of oral or nasal material but a greater pres-
ence of mucoid or mucopurulent material. Poor quality specimens 
are thin and watery or composed largely of bubbles and they are 
grouped under the name saliva [3]. If the quality of the sputum is 
deemed inadequate, the specimen is rejected and the TB suspect 
asked to provide a new specimen. Rejecting a poor-quality speci-
men and asking a patient to provide another new sample is consid-
ered difficult by many TB suspects. The risk exists that the TB sus-
pect will not return at a later stage to provide a sputum specimen 
leading to a missed opportunity for TB case finding [3-8]. 

Patients frequently provide pure saliva or very small amounts 
of sputum in saliva instead of an appropriate, purulent, sputum [3] 
specimen. Saliva smears mostly generate negative results which 
could be misleading for different specimens, given that a correct 
sputum specimen has not been examined. On the other hand, sa-
liva-containing sputum specimens could also contribute to the di-
agnosis of TB [4]. However, there is limited information about the 
contribution of sputum quality in microscopy diagnosis in Congo. 
Hence our study aimed to compare the quality of sputum speci-

mens collected from different TB suspect patients and the micros-
copy result obtained in a hospital setting.

Materials and Methods
Study design

It concerns a cross-sectional study carried out throughout 2019 
in the infectious diseases department of the Makelekele referral 
hospital, in Brazzaville, Republic of the Congo. Participants with 
suspected pulmonary tuberculosis were enrolled consecutively to 
assess the association of sputum samples produced, sputum qual-
ity, and smear microscopic examination issuance.

Sputum collection 

Sputum specimens were collected from 117 suspected pulmo-
nary TB patients (never been treated for TB or have received anti 
tubercular treatment for < 1 month). Two consecutive sputum 
samples from each patient (home: early morning sputum sample 
collected at home is called as home sample) were collected over 
two days. Currently, the guidelines of the National Tuberculosis 
Control Program recommend the use of a single jar of sputum for 
the tuberculosis screening center which has been provided with 
GeneXpert, this is the case of the Anti-tuberculous Center of Braz-
zaville [9,10]. The specimens were then characterized macroscopi-
cally by skilled laboratory staff.

Macroscopic characterization of sputum and Ziehl Neelsen Mi-
croscopy

This was done as previously described by Yoon and colleague 
with some adaptation [11]. Sputum that had mucoid and purulent 
material was categorized as muco-purulent and graded good qual-
ity. The sputum specimens having reddish/rusty color was labeled 
as blood-tinged sputum and graded average quality. Sputum that 
had clear and watery appearance without any viscosity was cat-
egorized as saliva and graded poor quality. Whenever the sputum 
specimens were heterogeneous, the predominant portion was con-
sidered to be the quality of sputum specimen.

All the samples were subjected to routine Ziehl Neelsen (ZN) 
staining. AFB strains were classified according to the WHO/Inter-
national Union against Tuberculosis and Lung Disease scale: 1+ (10 
- 99 AFBs per 100 fields), 2+ (1 - 10 AFBs per individual field), 3+ 
(10 - 100 AFBs per individual field), 4+ (> 100 AFBs per individual 
field) and Negative [12].
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 Statistical methods

Frequencies and proportions were used to analyze categorical 
variables. Pearson’s Chi-square was used at bivariate level to test 
for the association between smear result (positive and negative) 
and sputum quality. Odds ratio (OR) with 95% CI was used to de-
termine the magnitude/strength of the association.

Ethics

Human subjects’ approval was granted by the administrative 
hospital committee. Written informed consent was obtained from 
all eligible study participants and witnessed by the study clinician. 

Results 
A total of 117 suspected TB patients were enrolled and 229 

home sputum specimens were collected. Among them, 112 pa-
tients provided two sputum’s samples and 5 patients provided one 
sample. 

Out of the 117 patients, 37 (31.62%) patients were diagnosed 
AFB smear positive (AFB+) and 80 (68.38%) AFB smear negative 
(AFB-) (Table 1). The group of patients diagnosed with AFB+ was 
on the basis of the fact that at least 1 of the 2 sputum samples sub-

mitted was positive. The group of patients diagnosed with AFB- 
was on the basis of the fact that both sputum samples submitted 
were negative.

The 229 sputum samples submitted had the following charac-
teristics: 24.02% (55/229) mucopurulent, 1.31% (3/229) blood 
tinged, 72.49% (166/229) saliva, and 2.18 (5/229) missing. 

In the group of AFB+ diagnosed patients, 36 submitted 2 sam-
ples, 1 patient submitted 1 sample making a total of 73 samples an-
alyzed. Of these 73 samples, 62 total sputum samples were positive 
at microscopy, 11 were negative. Amongst the 62 positive sputum 
samples, 55 (88.71%) were mucopurulent; 1(1.61%) was blood, 2 
(3.23%) were saliva, and 4 (6.45%) did not have the sputum qual-
ity specific. Amongst the 11 negative sputum samples, all (100%) 
were saliva.

In the group of AFB- diagnosed patients, 76 of these patients 
submitted 2 samples and 4 patients submitted 1 sample making a 
total of 156 samples analyzed. Of these 156 samples, all were nega-
tive at microscopy. Amongst these 156 negative sputum samples, 
153 (98.08%) were saliva and 2 (1.28%) were blood and 1 (0.64%) 
did not have the sputum quality specific.

Quality of sputum 
submitted

AFB+

(N = 37, n = 73)

AFB-

(N = 80, n = 156)

All Sputum samples

(n = 229)
Positive result Negative result Negative Result Positive result Negative result

Mucopurulent 55 0 0 55 0
Blood tinged 1 0 2 1 2
Saliva 2 11 153 2 164
Missing 4 0 1 4 1
Total 62 11 156 62 167

Table 1: Microscopy results of sputum samples submitted by patients and graded with different quality characteristics  
categorized under AFB+ and AFB-. 

N: it represents the number of patients diagnosed within each category (AFB+ and AFB-); n: it represents  
the number of sputum samples submitted and analyzed. 

Out of the 229 sputum samples submitted, 62 (27.07%) were 
positive for AFB while 167 (72.93%) were negative (Table 1). The 
positive samples were characterized by mucopurulent 88.71% 
(55/62), blood tinged 1.61% (1/61) and saliva 3.23% (2/62). 

The negative samples were characterized by blood tinged 1.20% 
(2/167) and saliva 98.20% (164/167).

Amongst the 62 positive sputum samples, 55 (88.71%) were 
mucopurulent; 1(1.61%) was blood tinged, 2 (3.23%) were saliva, 
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and 4 (6.45%) did not have the sputum quality specific. Amongst 
the 11 negative sputum samples, all (100%) were saliva.

Figure 1: Association of sputum characteristics with positive 
and negative microscopy results.

In the group of patients diagnosed with AFB+ (37/117), 5.41% 
(2/37) were HIV + and 94.59% (35/37) were HIV negative. Of the 
2 HIV positive patients that submitted 2 sputa each, 1 patient had 
the quality missing for the sputa. Concerning the other patient who 
submitted 2 sputa, 1 sputum was mucopurulent and the smear re-
sult was positive while the other was saliva and the smear result 
was negative. Amongst the AFB+ and HIV negative group, positive 
samples were characterized by mucopurulent 71.41% (54/68), 
blood tinged 1.47% (1/68) and saliva 2.94% (2/68) samples that 
were positive. There were 10 salivary samples that were all nega-
tive.

In the group of patients diagnosed with AFB- (80/117), 5.41% 
(22/80) were HIV positive and 94.59% (58/80) were HIV negative. 
Amongst the HIV positive patients, there was a total of 42 samples 
submitted. All 42 samples were salivary in nature and the smear 
result was negative. Amongst the HIV negative patients, 1 patient 
submitted 2 blood-tinged samples and they were negative. There 

Quality of  
sputum  

submitted

AFB+/HIV+

(N = 2, n = 4)

AFB+/HIV-

(N = 35, n = 68)

AFB-/HIV+

(N = 22, n = 42)

AFB-/HIV-

(N = 58, n = 115)
Positive 

result
Negative 

result
Positive 

result
Negative 

result Negative result Negative result

Mucopurulent 1 0 54 0 0 0
Blood tinged 0 0 1 0 0 2
Saliva 0 1 2 10 42 112
Missing 2 0 1 0 0 1
Total 3 1 58 10 42 115

Table 2: Association of HIV status amongst AFB+ and AFB- to the quality of sputum submitted and resultant microscopy results. 
N: It represents the number of patients diagnosed within each category; n: it represents the number of sputum samples  

submitted and analyzed.

were more salivary samples in this group making up to 97.39% 
(112/115) and all were negative.

 Discussion 
Sputum smear microscopy still remains the cornerstone of di-

agnostic algorithms in national TB control programs in low- and 
middle-income settings due to its low cost and ubiquitous avail-
ability despite recent advances in methods to diagnose TB [13]. 
The quality of the sputum affects the diagnostic accuracy [6,8]. In 
the present study, we assessed the sputum quality with regard to 

smear microscopy results. A total of 117 suspected TB patients 
were enrolled and 229 home sputum specimens were collected. 
Out of the 229 samples, 24.02% were of good quality (mucopu-
rulent), 1.31% of average quality (blood tinged) and 72.49% of 
poor quality (saliva). The fact that majority of the samples had the 
quality mentioned reflects a good observance of the macroscopic 
identification of the submitted sputum samples. However, this high 
percentage of poor-quality sputum reveals an absence of salivary 
specimen rejection in the hospital setting which demonstrates the 
precaution taken by laboratory technicians not to reject sputum 
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that is submitted for AFB smear [8]. According to [5], the prevailing 
practice of testing all sputum submitted in the laboratory should 
continue since it takes only one sputum smear to make a diagno-
sis in countries that have an established external quality assurance 
system. 

 One reason for the high proportion of poor-quality samples 
could be that patients don’t really understand how to produce 
good quality sputum. We did not investigate from patients if they 
received instructions. In the study carried out by [14], they stud-
ied the factors associated with insufficient quality of sputum. Out 
of 387 TB suspects, they had information from 272 whose sputum 
quality was available. Of the 272 TB suspects, 168 (61.8%) men-
tioned that information on the reason for sputum examination was 
provided, 66 (24.3%) remembered that they were informed about 
how to produce sputum and 40 (14.7%) recalled being informed 
about the characteristics of good quality sputum. They found that 
information on how to produce sputum and characteristics of 
a good sputum sample was less often provided [14]. A research 
group in Pakistan has developed a sputum submission instruction-
al video for improving the diagnostic quality of sputum samples 
(available at http://youtu.be/92dT_1kbbek or http://vimeo.com/
irdresearch/good-sputum-english) which was associated with de-
tection of a higher proportion of microscopically confirmed cases 
[15]. The use of such a culturally adapted instructional video for 
sputum submission in our setting could be implemented and evalu-
ated for its impact in providing good quality specimens and fos-
tering TB diagnosis. In fact, video instructions was found to be as-
sociated with improved odds of positive microscopy compared to 
verbal instructions giving with diagrams [16].

It could also be that the laboratory technicians do not want to 
reject the saliva sample for fear of the fact that the patient may not 
come again. This usually occurs when patient brings in the sample 
in the absence of the lab technician thus hampering a quick macro-
scopic assessment of sputum quality. If a macroscopic assessment 
is done as soon as patient hands over sample, sputum collection 
could be repeated by patient in order to get a good sputum qual-
ity [6]. Another reason for poor quality sputum could be linked to 
patient difficulty in producing good sputum especially in people 
living with HIV/AIDS. 

Out of the 117 patients, 37 (31.62%) patients had smear-posi-
tive TB and 80 (68.38%) had smear negative TB. In the group of pa-

tients with smear positive TB, the predominant sample quality type 
was mucopurulent (88.71%) which correlated with the positive 
smear results. Only 2 (3.23%) salivary samples in this group were 
positive. The rest were negative. The AFB positivity rate (3.23%) of 
saliva in our study is lower than that of Yoon., et al. (17.6%, 19 of 
108). Despite the low positivity rate, saliva-like sputum specimens 
should not be discarded because they contribute in the diagnosis 
of TB [4,11]. In the work carried out by [17] they used the criterion 
of McCarter and Robinson (1996) developed for AFB-screening of 
specimens and found that out of 13% of rejected samples, 3% were 
AFB-positive. It is important to test all samples received so as not 
to miss any potential AFB positive specimen. 

In the current study, a considerable number of patients were 
negative to ZN smear microscopy. In the group of patients with 
smear negative TB, 153 samples (98.08%) were saliva. There was 
agreement in the tendency of saliva samples to be AFB-negative. 
This high proportion of smear negative results is due to the poor-
quality type (saliva) used in the diagnosis. 

It was also observed that 2 samples (1.28%) of average qual-
ity (blood tinged) were negative at microscopy. We did not explore 
reasons why blood-stained sputum which is not poor quality was 
smear negative. A potential explanation for lower sensitivity could 
be that the major visual observation was blood but in terms of fluid 
content, was not mucus but saliva thus reducing diagnostic sensi-
tivity. 

This study has exposed some issues with the microbiological 
identification of the bacilli using smear microscopy. It is highly 
likely that poor sputum quality leads to underdiagnosis by smear 
microscopy in the Republic of Congo which may predispose it to 
active transmission. Apart from this, culture, the current nucleic 
acid amplification tests such as Xpert MTB/RIF, Line Probe assay 
etc. are sputum-based tests used for TB diagnosis and detection of 
multi drug resistant TB (MDR TB) patients and poor quality spu-
tum will also affect their effectiveness [6,8]. However, the work of 
Meyer and colleagues suggested that salivary sputum although not 
appropriate for smear microscopy, may provide greater sensitivity 
than other samples when tested with Xpert but they did not ex-
plore the reasons behind it [18]. 

It has been shown that people living with HIV usually have 
smear-negative pulmonary and extra-pulmonary tuberculosis and 
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that the quality of specimen must also be optimum [8]. There were 
2 patients (5.41%) with HIV who had smear positive TB. Of the 2 
HIV positive patients, only 1 had the quality of sputa mentioned. 
Thus, 1 sputum was mucopurulent and the smear result was posi-
tive while the other was saliva and the smear result was negative. 
Still, positivity was due to the good sputum sample analyzed. In the 
group of patients with smear negative TB, 5.41% (22/80) were HIV 
positive who submitted 42 samples. All 42 samples were salivary 
in nature and the smear result was negative. Even though it is well 
established that TB diagnosis in HIV infected people is complicated 
by their inability to cough deeply from the lung and produce spu-
tum due to impaired immunity but rather produce saliva result-
ing to higher rates of sputum smear-negative TB [18-20], a greater 
population of those who had smear negative TB were HIV negative 
(94.59%) and they submitted poor quality sputum. Still, we associ-
ated the negative results with the quality of sputum submitted ir-
respective of being infected with HIV or not. Out of the 80 patients 
with smear negative TB, 37 were put on antituberculosis treatment 
on the basis of their clinical symptoms and chest X ray findings. 
Since they are smear negative symptomatic cases, it is probable 
that microscopic diagnosis might have missed due to the poor qual-
ity of sputum submitted.

There are some limits to the study. In assessing the quality of 
the sputum samples submitted, it was only evaluated macroscopi-
cally. There is a microscopic assessment of Gram stained specimens 
recording Neutrophils and Squamous Epithelial Cells (SEC) from 
three consecutive fields for considerations of good and unsatisfac-
tory quality [4,6,8] that was not performed. Other risk factors as-
sociated with the quality sputum such as age, gender, educational 
status was not evaluated in this study. 

Conclusion
A considerable number of TB suspects provided poor quality 

sputum that affected the detection of smear positive TB. Training 
of health workers in providing health education to the TB suspect 
about the reason for sputum examination and how to produce a 
good quality sputum sample should be a priority in the national 
TB program. This will limit transmission of the disease with timely 
diagnosis and proper administration of antimicrobial agents.
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