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Abstract

Objective: This study seeks to identify a more sensitive smear microscopy method for the detection of Mycobacterium tuberculosis in low-resource centers. 

Materials and methods: One hundred and forty sputum specimens were collected and direct smears were prepared as the specimen was submitted. The specimens 
were afterward digested/decontaminated using the modifi ed Petroff’s method. Both smear methods were stained by the Ziehl-Neelsen  technique and examined. All 
specimens (direct and concentrated) were cultured on a Lowenstein-Jensen medium and results were considered the gold standard to calculate sensitivity. 

Results: Out of 140 specimens, 27 (19%) and 34 (24%) were positive by direct and concentrated methods respectively. The number of culture positives by the direct 
and concentrated method was 26 (19%) and 31(22%) respectively. The sensitivity of direct and concentrated methods was 92.3% and 100% respectively. The negative 
culture and contamination rate was minimum with the concentrated method. The diagnostic accuracy of direct and concentrated methods was 88.6% and 97.1%. 

Conclusion: In summary, results showed concentrated techniques were able to detect more true positive Mycobacterium tuberculosis than the direct smear method. 
Therefore, the study region with AFB smear microscopy can utilize the concentrated smear method for AFB smear microscopy to improve the case-fi nding strategy.
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Introduction

Globally, Tuberculosis (TB) continues to be one of the most 
fatal infections despite a well-planned therapeutic regimen 
recommended by the World Health Organization (WHO) and if 
left untreated, each person with active TB will infect an average 
of 10 and 15 people every year. This outlines the importance 
of correct and accurate TB diagnosis to prevent the further 
spreading of infection and help control the prevalence and 
incidence of TB infections [1]. A study in Uyo recorded a 3.1% 
case of multi-drug tuberculosis (MDR-TB) [2] and this was 
possible through accurate active case fi ndings. This resonates 
with the need for a more accurate TB screening for all TB 
centers or resource constraints TB centers [3]. Delayed and 
inaccurate diagnosis is associated with worse clinical outcomes 
and increased transmission [4], especially in communities 
with resource constraints. Diagnosis of TB is hampered due 
to the presence of different bacteria and fungi in a patient’s 
sputum as contaminants [5] and this results in the delayed 
time of TB diagnosis which in turn interferes with treatment 
initiation. The contaminated sputum specimens slow down 
the process of M. tuberculosis detection indicating a pressing 
need for establishing an inexpensive method for accurate 
identifi cation [5]. Smear microscopy plays an important role in 
the initial diagnosis of tuberculosis and is still the most used 
among all methods employed worldwide in the diagnosis of TB 
due to its low cost and minimal requirement of equipment and 
technical skills. Though it lacks sensitivity since a load of about 
5,000 to 10,000 bacilli/ml of the specimen is required to give 
a positive result after Ziehl –Neelsen staining [6]. However, 
it has been shown that concentration/decontamination of 
sputum improves the sensitivity of AFB smears [7], especially 
for centers where microscopy is their only diagnostic option. 
Since sputum microscopy is the cornerstone of TB diagnosis 
in some resource-constraint facilities, a more sensitive smear 
microscopy method would be useful in these facilities to achieve 
increased, accurate, and rapid TB diagnosis [8]. In the present 
study, smear sensitivities for MTB detection were obtained. In 
this study, the Mycobacterium tuberculosis positivity rates from 
direct (prepared directly from respiratory specimens) and 
concentrated/decontaminated (prepared from the concentrate 
of the sputum specimens) Acid Fast Bacilli (AFB) smear 
microscopies were compared in South-South Nigeria. 

Materials and methods 

Area of study 

The study was conducted at the TB laboratory, St, Luke’s 
Hospital, Uyo, and TB laboratory, University of Portharcourt 
Teaching Hospital, Port Harcourt, Rivers State from May 2019 
to August 2019 after getting approval from the Akwa Ibom 
State Ethical Committee. 

Research design, sample size and laboratory analysis

In this comparative study, 140 sputum samples of suspected 
pulmonary tuberculosis cases were selected for the study. Early 
morning samples of sputum were collected in sterile wide-
mouth containers in the laboratory [9]. Only sputum samples 

with a volume of 5 ml or more were accepted [10] and were 
macroscopically labeled as saliva, mucoid, mucopurulent, and 
purulent. Each sample was divided into two halves for direct 
and concentrated/decontaminated procedures. Smears were 
immediately prepared from the samples for direct analysis, 
stained with Ziehl-Neelsen (Z-N) method, and graded 
according to IUATLD/WHO guidelines (2000: 2008) as AFB 
negative, scanty (1 to 9 AFB/100 fi elds), 1+ (10 to 99/100 fi elds), 
2+ (1 to 10 AFB/fi eld), or 3+ (more than 10 AFB/fi eld). The 
samples (direct and concentrated/decontaminated) were stored 
in a refrigerator (2°C - 4°C) and transported for culture at the 
TB laboratory, University of Portharcourt Teaching Hospital, 
Port Harcourt, Rivers State. At the TB laboratory, University 
of Portharcourt Teaching Hospital, samples for direct analysis 
were cultured without decontamination on Lowenstein 
Jensen (LJ) medium at 37°C for eight weeks while samples 
for concentration/decontamination analysis passed through 
decontamination (Modifi ed Petroff’s method) process in a 
biosafety cabinet. Smears were prepared after concentration/
decontamination, stained with Ziehl-Neelsen (Z-N) method, 
and graded according to IUATLD/WHO guidelines [11,12]. The 
concentrated/decontaminated samples were also inoculated 
directly on Lowenstein Jensen (LJ) medium at 37 °C for eight 
weeks. 

Procedure for decontamination: The sputum samples for 
concentration/decontamination analysis were processed for 
culture using the Modifi ed Petroff’s method, where 3-5 ml of 
the sputum sample was homogenized for 15 min in a shaker 
using an equal volume of 4% NaOH. After centrifugation at 
3,000 rpm for 15 min, the deposit was neutralized with 20 ml 
of sterile distilled water. The samples were again centrifuged. 
After centrifugation, the supernatant was decanted under a 
Biosafety Cabinet (BSC) into a container with tuberculocidal 
disinfectant [13]. From the sediment, 0.1 ml was used to make 
serial dillusions before inoculation on LJ media. 

Inclusion criteria

(a) All pulmonary non-sputum samples, (b) Both inpatients 
and outpatients, (c) All age groups of patients.

Exclusion criteria

Those with lower volumes (< 5 ml) of sputum

Statistical analysis

Recorded data were analyzed using the statistical package 
version 22 (SPSS). Qualitative data were expressed as frequency 
and percentage. The Chi-square (X2) test was used to compare 
proportions between two qualitative parameters and to also 
investigate the association between selected background 
characteristics. p value p < 0.05 was considered signifi cant.

Evaluation of diagnostic performance: 

• Sensitivity = (true positive)/ [(true positive) + (false 
negative)]. 

• Specifi city = (true negative) / [(true negative) + (false 
positive)]. 
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• PPV (Positive Predictive value) = (true positive) / [(true 
positive) + (false positive)]. 

• NPV (Negative Predictive value) = (true negative)/ [(true 
negative) + (false negative)] 

• Diagnostic Accuracy = [(true positive) + (true negative)] 
/ Total Participants 

Ethics statement

Ethical approval for this study was obtained from the Akwa 
Ibom State Ministry of Health, Akwa Ibom State, Nigeria with 
Ref: MH/PRS/99/Vol.V/631. Participants were required to 
submit informed consent.

Results

Out of 140 specimens, 27 (19%) were found to be AFB positive 
and 113 (81%) were found AFB negative by direct AFB smear. 
34 (24%) were found to be AFB positive and 106 (76%) were 
found AFB negative by concentrated AFB smear. Specimens 
cultured directly had 25 (18%) culture positives, 104 (74.3%) 
culture negatives, 3 (2%) nontuberculous mycobacteria (NTM) 
and 8 (5.7%) contaminants while specimens concentrated 
before culture had 31 (22%) culture positive, 105 (75%) culture 
negative, 3 (2%) nontuberculous mycobacteria (NTM) and 1 
(1%) contaminants (Table 1). 

The specimen microscopy showed mucoid samples to have 
a substantially higher proportion of MTB positives by both 
direct and concentrated methods, 20 (81.2%) and 29 (92.6%) 
respectively, followed by salivary with 4 (12.9%) by the direct 
method. Mucopurulent had the least with 2 each by both direct 
and concentrated methods (Table 2).

Among 27 positive specimens on direct microscopy, 9 
(33.3%), 15 (55.6%) and 3 (11.1%) were found to be 1+, 2+ and 
3+ respectively. Of the 34 positive specimens on concentrated 
microscopy, 7 (20.6%), 22 (64.7%), and 5 (14.7%) were found 
to be 1+, 2+ and 3+ respectively (Figure 1).

Of the 140 specimens, 27 (19%) specimens were positive 
both on direct and concentrated methods, and 7 (5%) samples 
were positive on the concentrated method which was negative 
on direct smear. More than 70% of the samples were found to 
be negative on both methods. The direct smear method had 
88% sensitivity, 95.3% specifi city, 84.5% Positive Predictive 
Value (PPV), and 97.1% Negative Predictive Value (NPV) when 
compared with direct culture results. However, when the 
concentrated smear method was compared with concentrated 
culture results, the sensitivity, specifi city, Positive Predictive 
Value (PPV), and Negative Predictive Value (NPV) were 100%, 
97.2%, 91.2% and 100% respectively (Table 3).

Discussion

There has been evidence that the concentrated method 
can be superior to the direct method, however, it is not being 
performed in low-income countries because of the feasibility 
of centrifugation in settings with irregular power supply; 

limited human and fi nancial resources; inadequate training 
capacity; potential biohazard posed by lack of proper biosafety 
arrangements [14]. Nonetheless, it is important to note that 
sputum decontamination methods are used to kill oral bacteria 
present in the specimen [15] thereby yielding positive results 
for mycobacteria. The present study has shown that the 

Table 1: MTB Positivity according to Methods.

Methods
No.

(n = 140)
%

Smear Results

Direct Smear Results

Positive 27 19

Negative 113 81

Concentrated Smear Results

Positive 34 24

Negative 106 76

Culture Results

Direct Culture Results

Positive 25 18

Negative 104 74.3

NTM 3 2

Contaminants 8 5.7

Concentrated Culture Results

Positive 31 22

Negative 105 75

NTM 3 2

Contaminants 1 1

Table 2: Relationship between specimen macroscopy and MTB Positivity.

Results

Direct Macroscopy
(n = 140)

Concentrated Macroscopy
(n = 140)

S
(n = 12)

M
(n = 122)

MP
(n = 4)

P
(n = 2)

S
(n = 12)

M
(n = 122)

MP
(n = 4)

P
(n = 2)

Negative 8 102 3 0 11 93 2 0

+1 3 5 0 1 1 5 1 0

+2 1 14 0 0 0 22 0 0

+3 0 1 1 1 0 2 1 2

*Keys: S: Salivary; M: Mucoid; MP: Mucopurulent; P: Purulent

Figure 1: Smear Results according to Bacillary Load.
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concentrated smear technique is better than the older direct 
smear technique as the direct smear was less sensitive, though 
in a close range than the concentrated smear in detecting 
culture-positive specimens (88 and 100%, respectively). A Study 
by Uddin, et al. [14] which had 70.5% and 82.9% sensitivity 
for direct and concentrated smear methods respectively was 
in agreement with our study. A similar study conducted by 
Peterson, et al. [16] in two different laboratory settings (a 
tertiary-care laboratory and several local outpatients clinics) 
found that in a tertiary-care hospital, the direct smear was 
signifi cantly less sensitive than the concentrated smear (28% 
and 51%, respectively) and in local outpatients clinics, the 
direct smear was still less sensitive than that made from the 
concentrated specimen (82 vs. 93%, respectively).

The samples were cultured and 25 (18%) samples were 
positive for MTB by direct technique. Seven samples were 
found to be negative for MTB by the direct smear technique, 
but positive by the concentrated smear technique. However, 
these 7 samples constituted 3 samples found to be harboring 
nontuberculous mycobacteria (NTM). The probable reason 
for this might be that smear microscopy only indicates the 
presence of Acid-Fast Bacilli (AFB) which could be Mycobacteria 
sp and or Nocardia sp [17], thereby yielding false-positive 
results, compared to a culture that distinguishes only living 
Mycobacteria sp [18]. A study at UCIMC by Peterson, et al. [16], 
agrees with our study as 10% was positive by the direct smear 
technique, whereas 23% was positive by the concentrated 
technique when cultured. 

It is observed in this study that the appearance of a 
specimen cannot be used as a criterion to discard sputum 
samples as it could yield AFB [19-22]. In this study, salivary 
samples for both direct and concentrated techniques yield AFB 
positive. Our study agrees with a study by Yoon, et al. [23] 
with a salivary sample positivity rate of 17.6% (19 of 108). In 
addition, the number of bacilli in smear-positive smears can be 
underestimated in macroscopic poor-quality specimens [24]. 
From our study, it can be observed in Table 2 that a purulent 
sample seen to be 1+ using the direct technique was 3+ using 
the concentrated technique which reaffi rms the low detection 
rate by the direct technique.

In light of our study fi ndings, it can be seen, with respect to 
the relative sensitivity, that the concentrated technique is more 
effi cient in detecting AFB than the direct technique. 

Conclusion

In conclusion, since some facilities lack the necessary 
resources for Xpert MTB/RIF and Xpert Ultra as initial tests, 
and a single sputum-positive case missed by direct smear 
microscopy can infect 10-15 persons/year, this study was 
necessary for the study region. This study showed that smears 
prepared from concentrated specimens (concentrated AFB 
smears) had higher sensitivity to smears prepared directly 
from respiratory specimens (direct AFB smears). We strongly 
recommend the concentrated smear method to be used for AFB 
smear microscopy in low-resource centers as it helps identify 
a higher number of true positive cases. However, it requires 
more processing time than the direct smear method, and the 
resources needed to practice the concentrated smear technique 
remain a problem in many laboratories.
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