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The EasyNAT assay was evaluated for the detection of tuberculosis in sputum smears from presumptive pulmonary tuberculosis
(TB) patients in an African high-TB and high-HIV setting. The sensitivity of the EasyNAT assay was 66.7%, and the specificity
and positive predictive value were 100% for the culture-positive patients. The sensitivity was only 10% in the smear-negative and
culture-positive patients.

Tuberculosis (TB), caused by the Mycobacterium tuberculosis
complex, was reported in about 8.9 million cases and led to 1.3

million TB-related deaths in 2012 (1). The early and accurate di-
agnosis of TB and treatment are the mainstays of TB control (2, 3).
Smear microscopy is still the sole TB diagnostic tool used in
most resource-limited settings, where a high prevalence of HIV
disease reduces its sensitivity from 55% to 39% because of
paucibacillary disease (3, 4). The use of TB culture is restricted
by the slow growth of the pathogen, high operational costs, and
comprehensive biosafety requirements. Hence, a point-of-care
test (POCT) for the diagnosis of active pulmonary TB is ur-
gently needed (5).

Nucleic acid amplification tests (NAATs) for TB are high-per-
forming tests for detecting TB RNA and DNA in clinical samples
(6). The EasyNAT tuberculosis isothermal nucleic acid amplifica-
tion diagnostic kit by Ustar Biotechnologies Co., Ltd. uses isother-
mal cross-priming amplification technology for the qualitative
detection of M. tuberculosis. Six to eight primers target the gyrB
gene of M. tuberculosis, amplifying it at a constant temperature of
63 or 65°C (7). Isothermal amplification is considered a promising
platform for the point-of-care molecular detection of TB, because
the technology does not need an initial denaturation step or the
addition of a nicking enzyme (8), and it has a short hands-on
time (9).

The recent clinical evaluation of the EasyNAT TB kit at four
country-level TB clinics in China included 2,200 presumptive
TB patients. Lowenstein-Jensen (LJ) culture was used as the
reference standard. The overall sensitivity of the kit was 84.1%,
and the specificity was 97.8%. The positive and negative pre-
dictive values (PPV and NPV, respectively) were 83.4% and
97.9%, respectively. In the smear-negative patients, the sensi-
tivity was 59.8% (10).

In this substudy, the diagnostic performance of the EasyNAT
assay was evaluated for the first time in an African high-TB-bur-
den setting. We evaluated the detection of M. tuberculosis from 1
ml of frozen untreated morning or spot sputum samples from a
clinically and microbiologically well-characterized cohort of pre-
sumptive pulmonary TB patients in Bagamoyo, Tanzania. Of the
147 participants, four were excluded because information was not
available at the 5-month follow-up (Fig. 1). The EasyNAT assay
was performed on one sputum sample from each of the 143 eligi-
ble participants who were assigned to classification groups, as de-
scribed in Table 1. In classification groups A and B, the EasyNAT
assay was applied only to samples that were also culture positive.

The mycobacteriological reference included the results of
smear microscopy for acid-fast bacilli, the Bactec Mycobacterium
Growth Indicator Tube (MGIT) 960 system, and LJ culture, as
well as subsequent MPT64 antigen or molecular testing (Geno-
Type MTBC or Mycobacterium CM/AS assay; Hain Lifescience,
Nehren, Germany).

The study was approved by the Ifakara Health Institute (IHI)
institutional review board and the Medical Research Coordinat-
ing Committee of Tanzania. Informed consent was obtained from
all study participants.

The frozen stored sputum samples were thawed, and DNA
extraction, amplification, hybridization, and detection using the
EasyNAT assay were performed as previously described (10). The
appearance of both the control and test lines on the EasyNAT kits
indicated the presence of M. tuberculosis DNA. A single control
line indicated the absence of M. tuberculosis DNA or that DNA
copies were below the detection limit of the assay (7, 10). All tests
were done at the TB research laboratory in Bagamoyo, Tanzania.
The laboratory personnel were blinded to the classification of
the patients and the microbiological results other than those of the
EasyNAT assay. Parallel rapid HIV testing was done, as per the
research protocol.

The mean patient age was 40.5 years (standard deviation, 15.3
years), and 54.6% of the patients were male. The overall HIV
prevalence was 46.2% (95% confidence interval [CI], 37.8% to
54.7%). The HIV prevalences between the culture-confirmed TB
patients and controls were 47.9% and 42.7%, respectively (P �
0.568, chi-square test).
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The sensitivity of the EasyNAT assay with culture as the refer-
ence standard was 66.7% (95% CI, 51.6% to 79.6%). All patients
who were classified as controls were negative by the EasyNAT
assay (specificity, 100.0%; 95% CI, 95.2% to 100.0%). The PPV
and NPV for the culture-positive patients were 100.0% (95% CI,
89.1% to 100.0%) and 82.4% (95% CI, 73.0% to 89.6%), respec-
tively (Table 2).

The EasyNAT assay identified 31 of 38 smear- and culture-
positive patients, respectively (sensitivity, 81.6%; 95% CI, 65.7%
to 92.3%). One of the 10 smear-negative and culture-positive TB
patients was positive by the EasyNAT assay (sensitivity, 10%; 95%
CI, 0.3% to 44.5%). The sensitivity of the EasyNAT assay was
81.6% (95% CI, 65.7% to 92.3%) compared to that with Ziehl-
Neelsen (ZN) staining, and 66.7% (95% CI, 51.6% to 79.6) and
69.2% (95% CI, 52.4% to 83.0%), respectively, compared to that
with the MGIT system or LJ alone. No M. tuberculosis was detected
by the EasyNAT assay in 10 patients categorized as having clini-
cally diagnosed TB and in 10 patients who had the following My-
cobacterium species and strains: M. fortuitum strain 1, M. fortui-
tum strain 2/M. mageritense, M. malmoense/M. haemophilum/M.
pasture, M. celatum I�III, M. simiae, M. celatum, M. intracellulare,
M. asiaticum, M. scrofulaceum, or M. smegmatis. One patient with

both M. intracellulare and M. tuberculosis had a positive EasyNAT
assay result.

In this cohort of presumptive TB patients from sub-Saharan
Africa, the diagnostic accuracy for smear- and culture-positive TB
patients was lower than that in previously studies on the EasyNAT
assay (7, 10) and other isothermal NAATs (11). However, the
sensitivity of the EasyNAT assay in the rather small group of
smear-negative, culture-positive participants was considerably
lower than that in the two evaluation studies from Asia (10%
versus 59.8% and 87.5, respectively) (7, 10). Since all patients (n �
10) in this classification group were HIV positive, the low detec-
tion rate was most likely caused by a paucibacillary TB disease (12)
with DNA copies below the detection limit of the assay. This might
also explain why none of the clinically diagnosed TB patients, who
presumably also had a low bacillary load, were positive by the
EasyNAT assay. The assay did not cross-react with nontubercu-
lous mycobacteria.

The estimated cost per EasyNAT test is $4 to 5 (10), which may
be considered low. However, the utility of the EasyNAT assay in
primary health care settings might be limited, because the sample
preparation techniques are fairly complicated and may require a
biological safety cabinet (10). Also, the EasyNAT assay does not

FIG 1 Patient flow and EasyNAT test results by patient classification.

TABLE 1 Classification of study population according to clinical and microbiological data

No. (%)
of samples

HIV prevalence
(no. [%]) Description

38 (26.6) 13 (34.2) Smear-positive/culture-positive, M. tuberculosis
10 (7.0) 10 (100) Smear-negative/culture-positive, M. tuberculosis
10 (7.0) 7 (70.0) Smear-negative or smear-positive/culture-positive, NTMa

10 (7.0) 4 (40.0) All cultures negative, chest radiograph and clinical symptoms very suspect for pulmonary TB (clinically diagnosed TB)
75 (52.4) 32 (42.7) All smears and cultures negative, sustained recovery up to 5 mo after antibiotic therapy (controls)
a NTM, nontuberculous mycobacteria.
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concurrently detect drug resistance in TB, which is a disadvantage
in high-burden settings.

In conclusion, the EasyNAT assay detected M. tuberculosis with
an excellent specificity and positive predictive value. The sensitiv-
ity was acceptable in the smear-positive patients. However, the
low detection rate for the smear-negative, culture-positive spu-
tum samples might be a limitation for wider clinical use and re-
quires further evaluation in larger study populations from differ-
ent regions that are endemic for TB.
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TABLE 2 Performance of EasyNAT kit with MGIT and LJ combined, smear microscopy, MGIT, and LJ alone versus controls as reference standards

Performance parameter

Estimate ([95% CI]) for reference standards in:

Main analysis Subanalysis

Culture MGIT and LJ
vs controls

Smear microscopy vs
controls

Culture MGIT alone
vs controls

Culture LJ alone vs
controls

Sensitivity (%) 66.7 (51.6–79.6) 81.6 (65.7–92.3) 66.7 (51.6–79.6) 69.2 (52.4–83.0)
Specificity (%) 100 (95.2–100.0) 100 (95.2–100.0) 100 (95.2–100.0) 100 (95.2–100.0)
Positive predictive value (%) 100.0 (89.1–100.0) 100 (88.8–100.0) 100.0 (89.1–100.0) 100.0 (87.2–100.0)
Negative predictive value (%) 82.4 (73.0–89.6) 91.50 (83.2–96.5) 82.40 (73.0–89.6) 86.2 (77.1–92.7)
Positive likelihood ratioa NC NC NC NC
Negative likelihood ratio 0.3 (0.2–0.5) 0.19 (0.1–0.4) 0.3 (0.2–0.5) 0.3 (0.2–0.5)
a The positive likelihood ratio could not be computed, since it is given by sensitivity/(1 � specificity). In all cases, the specificity was 1 (or 100%). NC, not calculated.
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