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males with a median age of 37 years (IQR: 27–50
years). Ninety-seven participants were enrolled from
the BRH and 32 from the LRH. The majority (47.3%)
of the participants were between the ages of 20–39
years, while 9.0 and 14.0% were teenagers and adults
older than 60 years respectively. Close to 40% of the
participants were unemployed (36.5%) and 58.3% had
attained at least a secondary level of education (> 11
years of formal education). Majority of the partici-
pants did not smoke, although about half of them
confirmed taking alcohol (49.6%). Forty-seven per
cent of the participants had a TB symptoms clinical
score of at least 9 (Table 2).

Clinical presentation of study participants at enrolment
During the selection of study participants, 58.1% of
them complained of having fever/ chills, 38.0% had
lost weight, 49.6% had chest pain, 32.6% had difficulty
in breathing, 37.2% complained of fatigue, 13.2% were
coughing with blood and 34.9% had night sweats
(Fig. 1).

Prevalence of tuberculosis in the study population
Of the 129 study participants, direct microscopy identi-
fied 47 cases (36.4%), while 49 cases (38.0%) were identi-
fied by microscopy after concentration and 51 (39.5%)
by culture. Meanwhile, PCR identified 57 cases (44.2%)

Fig. 3 Variation in tuberculosis detection rate by the different diagnostic techniques

Fig. 4 PCR Results after decimal dilution of samples. [Lane 1 and 13: MWM; Lane 2: Positive control; Lane 3: Negative control; Lane 4: Positive
sample for IS6110 (10− 2); Lanes 7 (10− 1), Lane 8, 10, and 11: Positive for D-PCR; Lanes 5, 6, 9 and 12: Negative samples]
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for the rpoB gene, 61 cases (47.3%) for the IS6110 locus
and 62 (48.1%) by duplex-PCR (Fig. 2).
Overall, 65 (50.4%) samples were positive by direct mi-

croscopy, microscopy after concentration, culture and
D-PCR combined. Figure 3 shows the variation in the
detection rate of the different diagnostic methods.

Resolution of PCR amplification inhibitors
A total 21 samples could not be amplified after the first
PCR runs although they were positive for either culture
and/or microscopy (12 samples with bacterial load rated
at AFB 3+, 1 AFB 2+, 1 AFB 1+ and 6 AFB negative but
culture-positive). However, after a 10-fold serial dilution,
inhibition was resolved in 18 (85.7%) of these samples.
From the results of microscopy, samples that were at 0
(negative), or 1+ positive level, required less than 100
fold or no dilution, while samples ≥2+ positive level

required 100-fold dilution. The results of D-PCR after
serial dilution are shown in Fig. 4.

Comparison of duplex-PCR and different result
combination of smear and culture methods
Six cultures were contaminated, one of which was
positive by both microscopy and D-PCR. Meanwhile,
7 of the 8 smear-negative and culture-positive cases
were confirmed positive by D-PCR. Equally, of the 8
participants placed on treatment based on clinical evi-
dence alone, 7 were confirmed positive by D-PCR.
Table 3 shows the PCR results of the different sample
categories.
As illustrated by the Venn diagram in Fig. 5, D-PCR

(Green) detected TB in all except 4 cases detected by
other methods. D-PCR also detected up to 87.5% (7/8)
of clinically diagnosed cases missed by these routine
diagnostic methods. Cases that could not be diagnosed
by culture due to contamination were detected by D-
PCR indicating that sputum contamination does not
affect D-PCR outcome.

Measures of diagnostic accuracy compared to composite
reference (CRS) and culture as gold standards
When analysed against CRS as the gold standard, the
sensitivities of direct microscopy, microscopy after con-
centration, LJ culture and D-PCR were 75.8, 79, 83.6,
and 93.5% respectively (Table 4).
However, when the culture was used as a reference, the

sensitivity values increased, while there was a general drop
in specificity values for all detection methods compared to
values obtained with CRS as reference. The LR+ also
dropped to the extent that PCR was moderately useful as

Table 3 Comparison of Duplex-PCR and different result
combination of other diagnostic methods tested

Sample category PCR Results

n % IS6110 rpoB D-PCR

(−) (+) (−) (+) (−) (+)

Smear (+) Culture (+) 44 34 3 41 4 40 2 42

Smear (−) Culture (+) 7 5.4 1 6 3 4 1 6

Smear (−) Culture (−) 62 48 58 4 58 4 58 4

Smear (+) Culture contaminated 1 0.7 0 1 0 1 0 1

Smear (−) Culture contaminated 5 3.9 5 0 5 0 5 0

Smear (+) Culture (−) 2 1.6 0 2 0 2 0 2

Clinically diagnosed TB 8 6.2 1 7 2 6 1 7

Total 129 100 68 61 72 57 67 62

(−) = negative, (+) = Positive

Fig. 5 Venn diagram showing the synopsis detection level of the various diagnostic methods
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a diagnostic test (LR+ < 10), though, D-PCR was good at
“ruling out” TB disease (LR- < 0.1) (Table 5).
The sensitivity of the D-PCR in the smear (+)/cul-

ture (+) category was 95.7% and dropped to 87.5% in
both paucibacillary smear-negative/culture-positive
and clinically diagnosed TB categories, as shown in
Table 6.
Overall, D-PCR detected significantly more TB cases

(p < 0.001): 17, (20.7%), 15 (18.8%) and 13 (18.1%) when
compared to direct microscopy; concentrated micros-
copy and LJ cultures respectively (Table 7).

The Area under the curve (AUC) was 0.864 (CI:
0.793–0.934, p < 0.001) using culture as standard for the
D-PCR (ROC1) and 0.890 (CI: 0.827–0.954, p < 0.001)
using composite reference (ROC2) (Fig. 6). Both stan-
dards showed that the D-PCR is a very good diagnostic
test (0.8 < AUC < 0.9).

Discussion
It has been estimated that a rapid TB diagnostic test
with at least 85% pooled sensitivity for smear-positive
and smear-negative cases and 97% specificity could save
approximately 400,000 lives annually [25]. This study de-
termined the diagnostic accuracy of D-PCR using
primers (IS6110 and rpoB) in direct sputum samples,
hitherto established to be sensitive and specific [14].
The D-PCR performance was better compared to Gen-

eXpert and another Multiplex PCR (IS6110 +MPT64 +
Protein antigen b) carried out in South Africa [26]. Sen-
sitivities of 83.8% for GeneXpert and 87.6% for Multi-
plex assay were reported, while our PCR format had a
sensitivity of 93.5%. Meanwhile, specificity, PPV and
NPV reported for GeneXpert were 70.4, 91.7, and
52.8% and 88.9, 96.8 and 56.6% for the multiplex for-
mat respectively. Compared to our D-PCR format, a
specificity of 94%, PPV of 94% and NPV of 94% was
obtained. However, this South African study [26] used
Mycobactertium growth indicator tubes (MGIT) as a
reference. Also, Gopinath and Singh in 2009, devel-
oped a triplex PCR assay targeting hsp65 (genus-spe-
cific), cfp10 (Mycobacterium tuberculosis complex
specific) and 16S – 32S Internal Transcribed Region
(Mycobacterium avium specific) to detect and

Table 4 Values of diagnostic accuracy with CRS as standard
Diagnostic Methods

Parameters Direct
microscopy

Concentrated
microscopy

LJ
Culture
n = 123a

rpoB IS6110 D-PCR

No. of
samples
positive

47 49 51 57 61 62

No. of
samples
negative

82 80 72 72 68 67

Measures of diagnostic accuracy

Sensitivity
(%)

75.8 79.0 83.6 87.1 91.9 93.5

Specificity
(%)

100 100 100 94.0 94.0 94.0

PPV 1 1 1 0.93 0.93 0.94

NPV 0.82 0.84 0.86 0.89 0.93 0.94

LR+ ∞ ∞ ∞ 14.5 15.3 15.6

LR- 0.242 0.21 0.16 0.14 0.02 0.005

PPV (positive predictive value); NPV (negative predictive value); LR+ (positive
likelihood ratio); LR- (negative likelihood ratio). a excluding
contaminated cultures

Table 5 Measures of diagnostic accuracy using culture as the
reference standard

Diagnostic method

Parameters Direct
microscopy

Concentrated
microscopy

rpoB IS6110 D-PCR

Number of
samples
negative

77 75 66 63 62

Number of
samples
positive

46 48 57 60 61

Measures of diagnostic accuracy

Sensitivity (%) 86.3 90.2 88.2 92.2 94.1

Specificity (%) 97.2 97.2 83.3 81.9 81.9

PPV 0.96 0.96 0.79 0.78 0.79

NPV 0.91 0.93 0.91 0.94 0.95

LR+ 30.8 32.2 5.3 5.1 5.2

LR- 0.14 0.1 0.14 0.1 0.07

PPV (positive predictive value); NPV (negative predictive value); LR+ (positive
likelihood ratio); LR- (negative likelihood ratio)

Table 6 Sensitivity of Duplex PCR in different sample categories
with CRS as reference

Category n D-PCR results Sensitivity
(%)Negative Positive

Smear (+) Culture (+) 47 2 45 95.7

Smear (−) Culture (+) 8 1 7 87.5

Clinically Diagnosed TB 8 1 7 87.5

Total 63 4 59 93.5

Table 7 Comparison of D-PCR and routine diagnostic methods

Diagnostic
methods

Outcome D-PCR, n (%) Chi-
square

p-value

n Positive Negative

Direct
microscopy

Positive 47 45 (95.7) 2 (4.3) 67.3 < 0.001

Negative 82 17 (20.7) 65 (79.3)

Concentrated
microscopy

Positive 49 47 (95.9) 2 (4.1) 72.5 < 0.001

Negative 80 15 (18.8) 65 (81.3)

LJ cultures Positive 51 48 (94.1) 3 (5.9) 69.1 < 0.001

Negative 72 13 (18.1) 59 (81.9)
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serial dilution. Nevertheless, they used both sputum and
extra-pulmonary samples, extraction kits, and dilutions
were performed on direct samples rather than genomic
DNA as in our study.
The use of simple boiling can yield a good amount of

impure DNA when fragile cells are involved, but with
rigid cells like Mycobacteria and yeast, freeze-thawing
treatment is more injurious to the membrane than heat-
ing alone [21]. In another study, template DNA from 30
samples obtained by the standard Cetyltrimethylammo-
nium bromide (CTAB) method and by simple boiling
were subjected to PCR. Thermo-lysate gave 100% posi-
tive rate while the standard protocol gave 83.3% positive
rate [14]. These results show an advantage of the boiling
method over standard protocol and freeze-heating
method used in this study, over simple heating.
That notwithstanding, there are some limitations to

this study. Firstly, liquid culture (mycobacterial growth
indicator tubes) was not used in conjunction with LJ
medium which could have improved the sensitivity of
culture methods. Secondly, the isolates used in this study
were only presumptively identified as M. tuberculosis
complex strains morphologically. Therefore, false posi-
tives and/or cross-reactivity with other Mycobacterium
spp. could not be determined implying in clinical prac-
tice the detection of Mycobacteria species other than
MTB complex using this assay cannot be ruled out. Se-
quencing of the PCR products could have mitigated
these effects but was not perform at the time of the
study, so, results should be interpreted with this in mind.
Finally, although the focus of this study was to evaluate
the diagnostic sensitivity of the assay, analytical sensitiv-
ity was equally important but was not done, hence re-
sults should be interpreted with caution.

Conclusions
This study demonstrates that duplex PCR, targeting
IS6110 and rpoB genes can improve diagnosis in smear-
negative and culture-negative paucibacillary tuberculosis
specimens, which pose significant diagnostic challenges
in routine clinical practice in resource-constraint set-
tings like Cameroon.
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