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Background: GeneXpert MTB/RIF is a real-time PCR assay with established diagnostic performance in pulmonary and extra-pulmo-
nary forms of tuberculosis. The aim of this study was to assess the contribution of GeneXpert MTB/RIF assay to the management of
patients with any form of active tuberculosis in a single large tertiary center in Saudi Arabia, with a special focus on the impact on
time to start of antituberculous therapy compared with Ziehl-Neelsen (ZN) smears and mycobacterial cultures.

Materials and Methods: Clinical, radiological and laboratory records for all patients who were commenced on antituberculous thera-
py between March 2011 and February 2013 were retrospectively reviewed.

Results: A total of 140 patients were included, 38.6% of which had pulmonary tuberculosis. GeneXpert MTB/RIF was requested for only
39.2% of patients and was the only reason for starting antituberculous therapy for only 12.1%. The median time to a positive GeneXpert
MTB/RIF result was 0 days (IQR 3) compared with 0 day (IQR 1) for smear microscopy (P > 0.999) and 22 days (IQR 21) for mycobac-
terial cultures (P < 0.001). No patients discontinued antituberculous therapy because of a negative GeneXpert MTB/RIF result.
Conclusions: In a setting wherein physicians are highly experienced in the diagnosis and treatment of tuberculosis, GeneXpert
MTB/RIF was remarkably under-utilized and had only a limited impact on decisions related to starting or stopping antituberculous
therapy. Cost-effectiveness and clinical utility of routine testing of all smear-negative clinical samples submitted for tuberculosis
investigations by GeneXpert MTB/RIF warrant further study.
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Introduction ty and mortality across the world [1]. Early detection of pa-
tients with active TB, especially those with pulmonary disease,
Tuberculosis (TB) continues to cause considerable morbidi-  is an essential component of any TB control program [2]. For
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many decades, rapid diagnosis of active tuberculosis depend-
ed largely on the finding of acid-fast bacilli on microscopic ex-
amination of Ziehl-Neelsen (ZN) stained smears of clinical
material. This method however has limited sensitivity, espe-
cially in non-respiratory clinical samples [3]. Automated, liq-
uid mycobacterial culture systems have much better sensitivi-
ty and specificity, but still require an average of two or more
weeks before a positive result is obtained [4]. Newer, highly
sensitive nucleic acid amplification techniques have provided
new opportunities for earlier diagnosis of patient with active
TB [5]. A number of polymerase chain reaction (PCR) assays
are currently in use in clinical laboratories, often as part of
routine diagnostic work-up [6, 7]. GeneXpert MTB/RIF (Ce-
pheid, Sunnyvale, CA, USA) is a real-time PCR system that de-
mands minimal technical expertise which has been validated
for clinical use in both respiratory and non-respiratory clinical
samples [8]. The assay is endorsed by the World Health Orga-
nization for the diagnosis of pulmonary TB and is an integral
part of its effort to strengthen TB diagnostics in clinical labo-
ratories across the world [9].

A number of studies have demonstrated the robust diagnos-
tic performance of GeneXpert MTB/RIF assay in patients with
pulmonary and extrapulmonary TB [10-12]. In a multicenter
study of the feasibility of decentralized GeneXpert MTB/RIF
testing, the assay resulted in significant shortening of time to
TB diagnosis in patients with both smear-positive and smear-
negative pulmonary TB [13]. Such data are not available for
patients with extrapulmonary TB.

Over the period from 2000-2009, the overall incidence rate
of TB in Saudi Arabia ranged between 14.2 and 16.1 per
100,000 populations [14]. GeneXpert MTB/RIF assay has been
available for clinicians in our center to order, in addition to ZN
smears and mycobacterial cultures, for the investigation of re-
spiratory and non-respiratory clinical samples since March
2011 [15]. The aim of this study was to assess the contribution
of GeneXpert MTB/RIF assay to the management of patients
with any form of active TB in our center, with a special focus
on the impact on time to start of antituberculous therapy
compared with ZN smears and mycobacterial cultures.

Materials and Methods

This study was undertaken at Prince Sultan Military Medical
City in Riyadh, Saudi Arabia. The study site is a large tertiary
center serving a population of predominantly employees of
the Ministry of Defense and their dependents, the majority of

which are Saudi nationals. We used our center’s TB notifica-
tion records to identify all patients who were commenced on
antituberculous therapy for a diagnosis of active TB during
the period from 1 March 2011 to 28 February 2013. We retro-
spectively reviewed the clinical details for those patients and
retrieved all their radiological and laboratory reports. We
identified the basis on which the diagnosis of TB was made
and recorded the dates of antituberculous therapy. Patients in
whom TB was diagnosed on the basis of a positive ZN smeatr,
mycobacterial culture or GeneXpert MTB/RIF assay were la-
beled as “microbiological diagnosis” Those in whom the diag-
nosis was made on the basis of clinical, radiological or histologi-
cal findings without any positive microbiological investigations
were labeled as “empiric diagnosis” GeneXpert MTB/RIF assay
was performed according to the manufacturer instructions [15].
The primary objective of the study was to compare the time to
starting antituberculous therapy for patients in whom the di-
agnosis of TB was made on the basis of a positive GeneXpert
MTB/RIF result versus those in whom the initial diagnosis
was based on ZN smears or mycobacterial cultures.

1. Statistical Analysis

SPSS for Windows version 21 (IBM, Chicago, IL, USA) was
used to evaluate differences with the cut-off for statistical sig-
nificance set at 0.05. Kolmogorov-Smirnov test indicated the
deviation of data from normal distribution. Therefore, descrip-
tive statistics were expressed as medians and inter-quartile
ranges (IQR), and non-parametric independent sample medi-
an test was used to evaluate the differences in median time to

reporting and initiation of antituberculous therapy.

Results

A total of 140 patients were commenced on antituberculous
therapy during the study period, including 79 males and 61 fe-
males; aged between 13 and 97 years (median 44.5 years). All
patients were HIV-negative. Fifty-four patients (38.6%) were
treated for pulmonary TB, while 86 patients (61.4%) had extra-
pulmonary TB (Table 1). A total of 217 samples were submit-
ted for ZN smear and mycobacterial culture, but GeneXpert
MTB/RIF assay was requested for only 85 of them (39.2%).
The median time from sampling to reporting was 1 day (IQR 4
days) for GeneXpert MTB/RIF, compared with 1 day (IQR 1
day) for ZN smears (P>0.999) and 44 days (IQR 30 days) for
mycobacterial cultures (P<0.001).

The majority of patients with pulmonary TB had microbio-
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logical evidence of Mycobacterium tuberculosis infection at
the time of starting antituberculous therapy. On the other
hand, for most patients with extra-pulmonary TB the diagno-
sis was empiric (Fig. 1). Overall, a positive GeneXpert MTB/
RIF result alone was the reason for commencing antitubercu-
lous therapy in only 17 out of 140 patients (12.1%); 5 out of 54
pulmonary TB cases (9.3%) and 12 out of 86 patients with extra-
pulmonary TB (14.0%). In these patients, positive GeneXpert
MTB/RIF results were available earlier than positive cultures by
amedian of 27 days (IQR 15.5 days). Rifampicin resistance was
not detected by GeneXpert MTB/RIF in any of the 85 samples
that were tested.

Out of the 67 patients with an empiric diagnosis of TB, the
diagnosis was subsequently confirmed by culture in 26 pa-
tients (38.8%). GeneXpert MTB/RIF was positive in 9 such pa-
tients (13.4%). Of note, mycobacterial cultures were positive
for 8 out of those 9 patients, reducing the effective contribu-
tion of the GeneXpert MTB/RIF to just one additional micro-
biologically confirmed diagnosis.

Overall, the median time from a positive GeneXpert MTB/

Table 1. Site of tuberculosis

Site of tuberculosis Number of patients
Pulmonary 54
Lymph nodes 28
Abdomen/pelvis 12
Bone/joint 8
Pleural 7
Soft tissue 7
Brain 5
Miliary 2
Pericardial 1
Multifocal 16
Total 140

RIF result to starting antituberculous therapy was 0 days (IQR
3 days), compared with a median of 0 (IQR 1 day) for ZN
smears (P > 0.999) and a median of 22 days (IQR 21 days) for
mycobacterial cultures (P < 0.001). A positive GeneXpert
MTB/RIF result was available later than positive ZN smears by
a median of 1 day (IQR 3 days) (P > 0.999) and earlier than
positive mycobacterial cultures by a median of 22 days (IQR
15.5 days) (P <0.001).

GeneXpert MTB/RIF was requested on samples from 76 out
140 patients (54.3%). Only 17 out of 67 patients (25.4%) in the
empiric diagnosis group had samples tested by GeneXpert
MTB/RIE Antituberculous therapy was not discontinued in
any patients because of negative GeneXpert MTB/RIF results.

Thirty-seven (68.5%) out of 54 patients treated for pulmo-
nary TB had positive ZN smears, while 17 (31.5%) had nega-
tive ZN smears. Of the latter, GeneXpert MTB/RIF was positive

54 patients 86 patients 140 patients
12(14.0%) 17(12.1%)
lIllllllllllllllll llllllllllllllllll
N N
7(8.1%) \
41(29.3%)
\ 58(67.4%) 67(47.9%)
9(16.7%)
Pulmonary TB Extrapulmonary TB AITB
WEmpiric OZNSmear BCulture BGeneXpertMTB/RIF

Figure 1. Basis for diagnosis of tuberculosis (TB) at start of anti-tuber-
culous therapy; number (percentage).

Table 2. GeneXpert MTB/RIF results by site of tuberculosis and Ziehl-Negelsen smear status

GeneXpert RIF/MTB GeneXpert RIF/MTB GeneXpert RIF/MTB

positive negative not done Row total

Pulmonary tuberculosis

ZN-smear positive 32 0 5 37

ZN-smear-negative 4 3 10 17
Extra-pulmonary tuberculosis

ZN-smear positive 4 1 3 8

ZN-smear negative 1) 13 46 78
Column total 59 17 64 140

/N, Ziehl-Neelsen.
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in 4 and negative in 3 patients. Ten patients with ZN-smear
negative pulmonary TB did not have their samples tested by
GeneXpert MTB/RIF (Table 2). On the other hand, 78 (90.7%)
of 86 patients with extra-pulmonary TB had negative ZN-
smears, of which 19 (24.4%) had positive GeneXpert RIF/MTB
results; whereas 46 (59.0%) did not have any samples tested
by GeneXpert (Table 2).

Discussion

Our study shows that in a real life setting GeneXpert MTB/
RIF reduced the time to starting antituberculous therapy by
around 4 weeks for patients with negative ZN smears, but not
in those for whom positive ZN smear results were available.
This benefit was seen in both patients with pulmonary or ex-
tra-pulmonary TB.

Given the national and socio-economic background of our
patient population, the predominance of extra-pulmonary TB
in this study is consistent with the local epidemiology of TB [14].
The study setting was one where physicians are highly experi-
enced in TB and are often willing to commence antitubercu-
lous therapy on clinical and radiological grounds, pending
microbiological confirmation. Just over half the patients who
started antituberculous therapy with an empiric diagnosis had
subsequent microbiological confirmation.

GeneXpert MTB/RIF was requested for samples from just
over half of all patients (54.3%) and only a quarter of patients
with an empiric diagnosis (25.4%). Furthermore, negative
GeneXpert MTB/RIF did not result in any antituberculous
therapy discontinuation. Moreover, GeneXpert MTB/RIF was
positive in 4 out of 17 (23.5%) patients with ZN-smear nega-
tive pulmonary TB, while 10 out of those 17 patients (58.8%)
did not have their samples tested by GeneXpert at all. These
findings demonstrate that over the study period, GeneXpert
MTB/RIF was remarkably under-utilized in our center. It also
appears that for the diagnosis of active TB, physicians in our
setting continue to rely largely on their clinical assessment
and traditional microbiological and non-microbiological diag-
nostic investigations.

Although results from GeneXpert MTB/RIF were available
after a median of 1 day, some were delayed for as long as 42
days. The delays were caused by interruptions in the supply
chains and logistic difficulties, especially during the first few
weeks of introducing the assay. Such inconsistent availability
of the test reagents is not unusual in diagnostic laboratories in
the developing world where the supply infrastructures are less

developed and may hinder achieving the true potential bene-
fits of GeneXpert MTB/RIF in clinical practice is such settings
[16].

In a previous study in which the utility of wide application of
GeneXpert MTB/RIF was investigated, the study protocol re-
quired that sputum samples are submitted for GeneXpert
MTB/RIF testing and patients were excluded if that could not
be ascertained [13]. In real life practice however, there can be
significant differences between physicians in their approach
to investigate and treat patients with suspected active TB. Al-
though the excellent performance of GeneXpert MTB/RIF in
the diagnosis of active TB is well established, its impact on the
clinical management of individual patients appears, like most
medical investigations, to be dependent on how well it is uti-
lized in the clinical setting. A protocol-driven approach, such
as one stipulating that GeneXpert MTB/RIF tests are routinely
performed on ZN smear negative samples from patients with
suspected active TB, may help maximize the clinical benefit of
such an assay. The cost-effectiveness of such an approach re-
quires careful evaluation. It indeed may not be affordable in
healthcare systems with high rates of TB but limited financial
resources.

The study is limited by its retrospective nature and the un-
derutilization of GeneXpert MTB/RIF assay. It however re-
flects real life practice and therefore presents it as it is with its
variations and occasional inconsistencies. In conclusion, our
study shows that in real life practice, routine availability of
GeneXpert MTB/RIF assay can result in considerable shorten-
ing of duration to starting antituberculous therapy. However, a
systematic protocol for its application and ensuring adequate
logistic support are essential for achieving the assay’s full po-
tential.
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