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Abstract

Background: To combat the challenges of TB epidemic in Kenya there has been massive scale up of both
treatment and diagnostic facilities.The challenges encountered in these centers is failure to accurately detect
Mycobacterium tuberculosis. In this work, we aimed at evaluating the performance of GeneXpert MTB/RIF assay in
detection of pulmonary TB and drug resistant testing.

Methods: Smear microscopy, niacin test, culture and GeneXpert MTB/RIF assay were used to test for the
presence of Mycobacterium tuberculosis in 400 patient’s sputum samples. Drug susceptibility testing was done
using the culture method and GeneXpert MTB/RIFassay.

Results: Out of the 400 samples analysed 37.5% were smear positive of which 60% (p<0.05) were male. For the
culture and GeneXpert assays the positive samples were 33% and 32.25% respectively. Smear microscopy had the
highest number of false positives (28%) and false negatives (9.6%). For bacilli identification the sensitivity,
specificity, positive predictive value and negative predictive values for smear microscopy were 81.8%, 84.3%, 72%
and 90.4% while for GeneXpert they were 97.7%, 100%, 100% and 98.9% respectively. This implies that GeneXpert
was a better method.

Drug susceptibility testing using the culture method showed that 23 isolate were rifampicin resistant and with
GeneXpert they were 26, implying 3 false positives. The sensitivity, specificity, positive predictive value and negative
predictive value for GeneXpert assay in drug susceptibility testing was 100%, 97%, 89% and 100%. Cost of testing
samples with GeneXpert assay was higher than culture but it offers rapid detection in that on average it took
between 2 hours against up to 8 weeks for the culture method.

Conclusion: GeneXpert MTB/RIF assay offers high potential for rapid diagnosis of TB and drug susceptibility
testing in an austere Kenyan environment.

Keywords: Tuberculosis; GeneXpert; Mycobacterium tuberculosis;
Rifampicin; Drug susceptibility testing

Introduction
Tuberculosis (TB) is a communicable disease of global concern that

is caused by the acid-fast bacillus Mycobacterium tuberculosis. The
disease is mainly pulmonary but on average 15% of the cases affects
other parts of the body [1]. About 5%-10% of the people infected by
Mycobacterium tuberculosis will go to develop the disease while the
rest will remain asymptomatic and non-infectious [2]. In 2012, about
8.6 million people were for the first time infected with tuberculosis and
in the same year there were about 1.3 million deaths [1]. In Kenya, the
prevalence rate of the disease was 291 per 100,000 populations [3].

Conventionally over the past century, smear microscopy for acid
fast bacilli has been the initial diagnostic tool. Its simplicity and low
cost made it ideal especially in resource poor settings and most
national TB control programs continue to rely on it despite its low

sensitivity. In many developing countries, including Kenya, co-
infection with human immunodeficiency (HIV) infection causes
reduction of the sensitivity of microscopy which makes it unable to
detect most smear positive patients except in cases where the diseases
is advanced [4]. It has been reported that the number of expected cases
of TB that tests positive by microscopy is as low as 28% [4]. Culture is
the gold standard for final determination, but it is slow and it delays
time to treatment which may take up to 2 to 8 weeks. The culture
method is also prone to contamination and it requires specialized
laboratories and highly skilled staff to execute [5].

Failure to accurately and rapidly detect tuberculosis and its drug
resistant forms leads to increased mortality, nosocomial outbreaks,
secondary resistance or resistance to additional anti-tuberculosis drugs
and ongoing transmission. This has therefore impeded the efforts to
lower the global burdenof tuberculosis disease [6,7]. There is therefore
increased need for rapid and accurate methods for diagnosis of
tuberculosis, especially in developing countries where smear
microscopy is the method of choice.
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Early and rapid identification of the bacilli and the drug resistance
strains is essential for improving patient health and also for controlling
the spread of TB. Methods based mostly on nucleic acid amplification
for direct organism detection have reduced the diagnostic time while
increasing sensitivity [7-9]. In early 2011, WHO endorsed a novel,
rapid, automated, cartridge based nucleic acid amplification test, the
GeneXpert MTB/RIF assay also known as GeneXpert or Xpert that can
simultaneously detect TB and rifampicin resistance [10]. The assay
uses hemi nested real-time polymerase-chain-reaction assay to amplify
a MTB-specific sequence of the ropB gene, which is probed with
molecular beacons for mutations within the rifampicin-resistance
determining region [11]. GeneXpert has the potential of
revolutionizing the testing and treatment of tuberculosis in developing
countries. Currently there is limited published information on the
effectiveness of GeneXpert assay for identification of Mycobacterium
tuberculosis in an austere Kenyan environment. Confirmation of its
sensitivity and quick turnaround time will provide an additional tool
that will help in improving the diagnosis and management of
tuberculosis.

Materials and Methods

Setting and patients
The prospective analytical study was carried out at Kitui District

County Hospital which is the focal health facility in Kitui County,
Kenya. The County has an area of about 30,496.5 km2 and a population
of 1,012,709 comprising of 48% male and 52% Female. A total of 400
patients were recruited for the study. The respondents were 18 years of
age and older, with characteristics of TB infection. All patients
included in this study provided informed consent. This research
received ethical approval by Kitui County hospital.

Sputum collection and work flow
Patients provide three sputum specimens over a 2-day period. One

was a spot sample and the second and third samples were obtained in
the morning. The two samples were decontamination and analysed by
smear microscopy and were cultured on Lowenstein-Jensen (L-J) and
mycobacteria growth indicator tube (MGIT) 960 media. Samples that
grew in culture were subjected to drug sensitivity testing on Middle-
Brook-Cohn (7H-10) media. The third sample of sputum was collected
in specialized containers and was tested directly using the GeneXpert
assay.

Decontamination of sputum using N-acetyl-L-cysteine and
sodium hydroxide

Equal volume of sputum and 0.1 M N-acetyl-L-cysteine (NALC)
sodium hydroxide (NaOH) solution were mixed and incubated at 37oC
for 30 minutes with shaking after every 5 minutes. Five hundred
microliters of phosphate buffer solution was added into the mixture
and centrifuged at 3000 rpm for 15 minutes. The sediment was used to
prepare the smear for microscopy.

Acid fast bacillus microscopy
The smear was air-dried, flame fixed, stained with basic carbol-

fuschin and decolourized using 3% acid alcohol. The smear was
counter stained with methylene blue and examined under light
microscopy.

Lowenstein-Jensen media
Lowenstein-Jensen slant media was inoculated with 100 µl

suspension of inoculum and incubated aerobically at 37oC for 2-8
weeks. Culture positive colonies were subjected to Ziehl-Neelsen
staining to establish their acid fast status.

Mycobacteria growth indicator tube (MGIT 960) media
A 100 µl aliquot of the suspension was inoculated into 0.8 mL

MGIT 960 media supplemented with PANTA antibiotics and growth
supplements. The samples were incubated in the MGIT 960 instrument
at 37oC for a maximum of 14 days. An instrument-positive control
tube containing approximately 105 to 106 colony forming units per
millilitre (CFU/mL) was incorporated. The tubes were monitored for
increasing fluorescence to determine if the test samples contained
viable organisms and the results were read automatically. Positive
samples were subjected to smear microscopy and also drug
susceptibility testing using Middle-Brook-Cohn 7H-10 agar.

Niacin test
The test organism was inoculated in L-J medium culture slant and

incubated at 37oC for up to 10 weeks. The slope was removed and 0.5
ml of cyanogen bromide added followed by 0.5 ml aniline solution and
after 5 minute interval the colour change was monitored.

Drug susceptibility testing
Growth from primary pure cultures were used to make the

inoculum where 1 part of bacterial suspension was mixed with 9 parts
of modified Middlebrook 7H9 broth. The bacterial broth suspension
was used to innoculate Middle-Brook-Cohn 7H-10 agar plates. Single
drug disc were placed on theplatesthat were incubated at 37oC for
18-24 hours in the absence of CO2. Results were read by observing the
diameter of the zone of inhibition by the organism or clearance by the
drugs rifampicin, isoniazid, ethambutol and pyrazinamide.

GeneXpert assay
The GeneXpert procedure was performed as per the manufacturer’s

recommendation. The sample reagent buffers (two volumes of 0.1 M
NaOH and 0.1 M isopropanol) were mixed with the specimen in a 3:1
ratio and incubated at ambient temperature for 15 minute. A 2-3 ml
aliquot of the digested sputum mixture was loaded into the GeneXpert
system. The resulted were generated in 90 minutes and the read outs
were either TB positive rifampicin resistant or TB positive non
rifampicin resistant or no TB detected.

Data analysis
Continuous variables were described using mean ± standard

deviation or median. Categorical variables were reported as
frequencies. Pearson’s chi-square test was used to compare categorical
variables and the means were compared using Student’s t-test.

Results

Patient characterization
Of the 400 patients who presented to Kitui District County Hospital

laboratory with suspected cases of Mycobacteria tuberculosis during
the period of study, the proportion of male to female was 46% vs. 54%.
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The age of respondents ranged from 18 to 96 years with a mean of 42
±15.9 years and a median of 40 years. The modal age group was 38-47
years (23.75%) while the age group with the lowest frequency (16.25%)
was that of >57 years.

Smear microscopy
Smear microscopy showed that 37.5% (150/400) of the samples were

positive indicating exposure to Mycobacterium tuberculosis. The
bacilli in the positive slides were scored and 67% (101/150) of the
samples had between 1-10 acid fast bacilli per field (scanty) while the
rest (33%; 49/150) had between 10-99 acid fast bacilli per field (+1).
When the smear positive samples were grouped according to gender
60% (90/150) were male and 40% (60/150) were female indicating a
significant association between gender and Mycobacterium
tuberculosis infection (p<0.05). For males only 48.9% (90/184) were
smear positive while for females only 27.8% (60/216) were positive.
When the respondents were grouped according to age it was noted that
there was an increase in frequency of smear positive respondent with
age. The peak frequency was in the 28-37 years group (11%) after
which there was a gradual decrease in frequency to a low of 4% in the
oldest (>57 years) age group (Table 1). The relationship between smear
result and age group was tested using Pearson chi-square and there was
no significant association (p=0.062).

Age group
(years)

Smear results

Smear positive Smear negative Total

18-27 30 (7.5%) 44 (11%) 74 (18.5%)

28-37 44 (11%) 49 (12.25%) 93 (23.25%)

38-47 34 (8.5%) 61 (15.25%) 95 (23.75%)

48-57 26 (6.5%) 47 (11.75%) 73 (18.25%)

>57 yrs 16 (4%) 49 (12.25%) 65 (16.25%)

Total 150 (37.5%) 250 (62.5%) 400 (100%)

Table 1: Smear positive respondents according to age groups.

Culture method
Following culture in Lowenstein-Jensen solid media 33% (n=132) of

the isolates showed growth and the colonies appeared dry, yellow-
coloured, raised and wrinkled which is consistent with Mycobacterium
tuberculosis. The 132 isolates were identified as acid fast bacilli
following Ziehl-Neelsen staining. For niacin test all the 132 specimens
displayed a yellow compound which was an indication of the
production of niacin which is a metabolic by product of

Mycobacterium tuberculosis. These results indicated a frequency rate
of 33% for Mycobacterium tuberculosis amongst patient presented to
Kitui District County hospital with suspected cases of tuberculosis.

Mycobacterium growth indicator tube media
This liquid media confirmed the findings of the LJ solid media in

that 33% (132/400) of the isolates displayed viable organisms that
appeared granular, while the rest were non-fluoresce implying no
growth. In total 41% of the positive samples showed a signal of 106

CFU/ml while the rest recorded a signal of 106 CFU/ml.

Drug susceptibility testing on Middle-Brook-Cohn agar
Drug susceptibility testing was performed on the 132 samples that

had been confirmed to be true positives of Mycobacterium
tuberculosis using LJ media, MGIT 960 media, Acid fast microscopy
and Niacin test. Out of the 132 samples tested for drug susceptibility
82.6% (109/132), were rifampicin sensitive and 17.4% (23/132) were
rifampicin resistant. When susceptibility testing was done using
isoniazid, ethambutol and pyrazinamide all 132 (100%) isolates were
susceptible to the three drugs.

GeneXpert assay
The samples were also characterized using GeneXpert assay and

32.25% (129/400) of the isolates were found to contain the sequence of
the RNA polymerase β subunit (rpoB) gene which is specific to the
mycobacterium complex and this is a diagnostic feature for
Mycobacterium tuberculosis. When the isolates were tested for
rifampicin resistance using the same equipment by hybridizing the
rpoB specific molecular beacons and the rpoB amplicon it was found
that 20.2% (26/129) had mutations within the 81-bp rifampicin
resistance determining region of the rpoB gene indicating that they
were rifampicin resistance.

Comparison of GeneXpert assay, culture method and smear
microscopy

When all 400 clinical specimens were tested using the culture
method as the reference standard it found that 33% of the samples had
growth of acid fast bacilli indicating presence of Mycobacterium
tuberculosis (Table 2). When the culture results were compared to
smear microscopy it was found that out of the 150 smear positive
samples only 72% grew in culture and were true positive, while 28%
had no growth indicating they were false positives. As for the 250
smear negative samples 90.4% showed no growth in culture and were
true negatives, while 9.6% recorded growth and were false negatives
(Table 2).

Culture result

MTB growth No MTB growth Total

Smear positive GeneXpert MTB MTB detected 105 0 105

MTB not detected 3 42 45

Total 108 42 150
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Smear negative GeneXpert MTB MTB detected 24 0 24

MTB not detected 0 226 226

Total 24 226 250

Xpert Total for GeneXpert MTB detected 129 0 129

MTB not detected 3 268 271

Culture Total for Culture 132 268 400

Table 2: Comparison of identification results of Mycobacterium tuberculosis between the culture, GeneXpert and smear microscopy methods.

The sensitivity, specificity, positive predictive value and negative
predictive values for AFB smear microscopy for identification of
Mycobacterium tuberculosis were 81.8%, 84.3%, 72% and 90.4%,
respectively. Results of culture were also compared those of GeneXpert
assay. Out of the 132 isolates that grew in culture 129 (97.7%) were
identified by GeneXpert as Mycobacterium tuberculosis and were true
positives. For the GeneXpert assay the sensitivity, specificity, positive
predictive value and negative predictive value were 97.7%, 100%, 100%
and 98.9%, respectively.

Drug susceptibility testing using conventional Middle-Brook-Cohn
culture method showed that 17.4% (23/132) of the isolates were
rifampicin resistant. When the samples were tested using GeneXpert
assay the results showed that 26 isolates had genotype coding for
rifampicin resistance indicating that there were 3 false positives. The
sensitivity, specificity, positive predictive value and negative predictive
value for GeneXpert assay in drug susceptibility testing was 100%,
97%, 89% and 100%.

Feasibility and cost effectiveness of GeneXpert test in routine
laboratory use
The feasibility and cost effectiveness of GeneXpert test for routine

laboratory use for the identification and susceptibility testing of
Mycobacterium tuberculosis was compared to the gold standard
culture method and results are presented in Table 3. The GeneXpert
test is automated and the total hands-on time for processing each
sample was only 5 minutes. On the other hand all steps of the culture
methods were manual and the hand on time for processing a sample
was higher of about 20 minutes per sample. The time it took
GeneXpert assay to generate results for reporting was computed and
on average this took between 2 hours. This compares to up to 8 weeks
that it took for the culture method to generate results. Another
difference was the reporting procedures between the two methods and
for GeneXpert assay it was semi-quantitative while for conventional
culture method it was qualitative.

Characterstic GeneXpert MTB/RIF assay Culture method

Work flow On demand batch mode is not required On demand batch mode is required

Sample format Cartilage Culture plate, tube

Sample preparation Liquefaction and inactivation of sample then injection
into

Inactivation of sample then inoculation on LJ and
MGIT 960

Dna extraction Integrated in catridge None

Operation Automated Manual

Time to results 2 hrs Upto 8 weeks

Hands on time 5 min/sample 20 min/sample

Reporting Semi-quantitative report Qualitative

Training Low High

Laboratory facilities Ordinary Enhanced

Cost Ksh 3000/sample Ksh 500/sample

Table 3: Comparison of the feasibility and operation cost of GeneXpert assay and the culture method.

The cost for analysis samples using the two methods was
determined by adding the cost of specific consumables, personnel
salary, utilities and preventive maintenance of equipment. The cost of
running the GeneXpert test was Ksh 3000 per sample and this was six
times the cost for the culture test which was Ksh 500. This high cost

was mainly contributed by the cartilage which accounted for 30% of
the total cost.

However, the initial capital cost for setting up GeneXpert system
was high at Ksh 4,000,000 and this included cost of purchase of the
main equipment, calibration kit and UPS, shipping and installation
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charges. While that of the culture system was 2.5 lower at Ksh
1,600,000 and the single most expensive item was the MGIT 960
machine which accounted for 32% of the total cost.

Skills required to run the two assays were also compared and for
GeneXpert the assay is automated so human intervention was minimal
and therefore the level of training that was needed to allow expertise in
running the test was also minimal. In contrast the culture method was
manual and specialized skills were required and more training was
needed to enable the worker acquire the skills required to
independently perform the assay.

There were also differences in the type of laboratory facilities
required to perform the two tests. For GeneXpert assay it is a closed
automated system and therefore there was minimal risks of infection
so the assay was performed in an ordinary BSL2 laboratory space.
However, the culture assay is an open system so manipulations were
performed in an enhanced laboratory facilities in order to minimize
risk of infection during handling.

Discussion
Gender and age are both traditionally known variables in terms of

incidence and prevalence of pulmonary tuberculosis [12-14]. In this
study demographic data showed that the ratio of male to female
seeking treatment at Kitui County hospital for tuberculosis
diagnosiswas 0.9 (46% male vs. 54% female) which is statistically
similar to 0.85 (p>0.05) which is the general population ratio of male
to female (47.5% female vs. 52.5% male) in Kitui County [15].
Therefore there was no association between gender and health seeking
behavior in the County. This result indicates that in Kitui women have
equal access to care like men and that both have similar TB diagnosis
health-seeking behavior. This observation discounts the several reports
that generally imply that female patients in developing countries have
inequitable access to health care facilities [12,16,17]. On the other
hand, the data is in agreement with a study carried out in Peruvian
shantytowns which reported equal tuberculosis diagnostic and
treatment care to men and women [13]. In Peru the TB programme
was available to all members at no direct cost and it consisted of
diagnostic tests, treatment and a social care component that include
food and assistance to HIV testing. In the present study the balance in
incidence ratio of male and female respondents seeking treatment for
suspected cases of TB infection was most likely due to the fact that
diagnosis and treatment services under the TB programme in Kenya
are offered free of charge and also that there is high community
awareness of the disease.

Acid fast bacilli microscopy showed that there were more smear
positive male patients than female (60% vs. 40%; p<0.05). This
indicates that males have a high risk of contracting pulmonary
tuberculosis. An observation that is in line with several studies that
have reported higher risks of contracting pulmonary tuberculosis in
male respondents [12,17-20]. These studies suggested that there are
genuine gender differences in the biology and epidemiology of TB
[12,17,21]. The findings of the present study and the global pattern
[22], where male are at higher risk than female are in contrast with
observations in Afghanistan, Iran and Pakistan where incidence rates
of pulmonary TB are higher in female than male [14,23-25]. The cause
of disparity is not well understood but it has been attributed to socio-
cultural and economic factors and reporting biases [25-29].

The respondent ages ranged between 18-96 years with mean of 42 ±
15.9. Most of the smear positive (11%) respondents were in the 28-37

years age category while the oldest age group (>57 years) had the
fewest (4%) respondents that were smear positive, but there was no
association between smear results and age (p>0.05). This contrasts
several studies that reported significant association between TB
infection and age. For example, it was reported that compared to
young adults pulmonary tuberculosis was more prevalent (p<0.001) in
young and old people often because of the undeveloped and weaker
immune systems, respectively [30,31]. Further investigation are
required to determine why age is not a risk factor in tuberculosis
infection in Kitui County. Although there was no significant
association between age and TB infection in Kitui it is noted that most
smear positive were in the 28-37 years followed by those of 38-47
years, an observation that is consistent with other reports
[19,23,32,33]. This finding is of concern because the age group most
affected by tuberculosis in Kitui is the most economically productive
[34], posing a significant economic burden on affected households and
the resultant economic cost for society is high.

Drug sensitivity testing on culture showed that all the isolates tested
were susceptible to isoniazid, pyrazinamide, and ethambutol and that
17.4% were resistant to rifampicin. Therefore, the overall drug
resistance was also 17.4% which correlated well with a recent study in
Kenya that reported an overall drug resistance of 18.8% [35], but was
significantly lower than an earlier study that reported an overall
resistance of 30.2% [36]. A major difference between the present study
and the other two studies was that here resistance was only to
rifampicin (17.4%) while in one of the study study [35], resistant was
to isoniazid (11.6%), rifampicin (6.5%), ethambutol (11%) or
streptomycin (5.1%). While in the other [36] resistance to isoniazid
(30.2%) streptomycin (11.6%) ethambutol (4.5%) rifampicin (1.4%) or
pyrazinamide (10.4%). In another study in Egypt [37], it was reported
that 21.9% isolates were mono-resistant to the first line drugs
streptomycin (13.5%), isoniazid, (3.9%), rifampicin (1.9%), ethambutol
(1.3%) or pyrazinamide (1.3%).

It is not clear why in this study resistance was confined to rifampicin
despite the other drugs being part of the combination therapy, and
further investigations on the matter is advocated. However, this
observation is not unlikely as it has been previously reported that in
combination therapy resistance to one drug can occur due to
differences in early bactericidal activity of the drugs in the combined
pill [38]. It is also noted that rifampicin has a high bactericidal activity
on semi-dormant bacilli. Therefore during treatment none of the other
drugs has effect on these groups of Mycobacterium tuberculosis
therefore a high risk of selecting resistant mutants [39].

The risk factors for drug-resistant TB include previous TB
treatment, poor adherence to treatment regimens, inadequate
regimens and positive smear result at the end of the second and third
month of treatment [40]. Additionally, controversial patient
characteristics such as HIV co-infection, alcohol abuse and younger
age are also believed to influence the drug resistance. In Kenya TB
resistance is associated with poor adherence to treatment regimens,
inadequate regimens, slow smear conversion and technical issues
related to acid fast bacilli smear microscopy [41].

The performance of smear microscopy and GeneXpert assay for
pathogen identification were compared to the gold standard culture
method. It was found that the sensitivity and specificity for smear
microscopy was 81.8% and 84.3%, respectively. These values are within
the ranges of contemporary reports from other laboratories that show
sensitivity ranging from 20%-80% and specificity from 74.5%-100%
[7,42-45]. The huge variations in the sensitivity of smear microscopy
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are contributed by various factors including: specimen collection;
smear preparation; slide examination; use of fluorescence versus
conventional microscopy and differences in the performance
depending on the operator [7,45]. Although smear microscopy has the
advantages of low cost, rapidity, simplicity of procedure and its relative
specificity and simple infrastructure [46], this study shows that smear
microscopy is prone to TB misdiagnosis. Misdiagnosis of TB has grave
implications such as continued transmission, higher mortality rates
and delays in initiating appropriate therapy [47]. Therefore, there is
justification in developing alternative strategies to diagnose the
condition.

For GeneXpert assay the sensitivity and specificity for identification
of Mycobacterium tuberculosis was 97.7% and 100%, respectively. This
performance is comparable to that reported in other laboratories.The
first analytical study to validate the technology observed that
GeneXpert assay had 100% sensitivity and specificity [48]. In another
study it was reported thatin Vietnam and Uganda sensitivity of
71.1%-100% and specificity of 100%were reported [49]. In a
multicenter study involving Peru, Azerbaijan, South Africa and India
reported an overall sensitivity of 97.6% with 98.1% specificity [50]. A
meta-analysis of 16 GeneXpert assay studies revealed a pooled
sensitivity of 90% and specificity of 98% [51]. In a hospital based
evaluation study done in Zambia, the GeneXpert had an overall
sensitivity of 86.1% and specificity of 95.7% [52]. While in Egypt
GeneXpert assay showed a sensitivity and specificity 98.2% and 75%
respectively [53].

The findings of this study shows that for diagnosis of
Mycobacterium tuberculosis GeneXpert assay has high specificity and
sensitivity and therefore more diagnostic power than smear
microscopy. This is attributed to the fact that the lower limit of
detection for GeneXpert assay is 100 CFU/ml whereas that of smear
microscopy is around 5,000-10,000 CFU/ml [45,54]. Therefore, in
high-volume laboratories with low sensitivity for sputum smear
microscopy, GeneXpert is likely to substantially improve the diagnostic
confirmation of Mycobacterium tuberculosis, since it is less dependent
on the skill and time of individual technician [55]. On the other hand
GeneXpert was less sensitive than the culture method but with similar
specificity. This observation is in agreement with the general view that
culture method can detect between 10-100 CFU/ml while for
GeneXpert the lower limit of detection of Mycobacterium tuberculosis
is 100 CFU/ml [56,57]. The findings of the present study therefore
supports the use of GeneXpert as the initial diagnostic tool for
diagnosis of pulmonary tuberculosis.

The performance of GeneXpert for detection of rifampicin
resistance was compared to the gold standard culture method. The
sensitivity and specificity of GeneXpert was 100% and 97.2%
respectively. This means that GeneXpert has the same sensitivity like
culture method. The slightly lower specificity was due to 3 false positive
isolates. False-positive results have been associated with mixed
infection, administrative errors and indeterminate causes [58]. It was
also reported that a specimen that was repeatedly rifampicin resistant
on GeneXpert but susceptible on phenotypic culture and rpoB
sequencing [56]. In another study six rifampicin-resistant cases on
GeneXpert were identified, five of which were susceptible on
phenotypic culture, although five were genotypically resistant by
sequencing and/or MTBDR plus [59]. The complexity of these
investigations demonstrates the difficulty in confidently distinguishing
false-positive from true-positive rifampicin-resistant results,
particularly in clinical practice. In response to reports of false-positive

rifampicin-resistant results, the manufacturer performed a root cause
analysis, which identified the bead manufacturing scale-up and
annealing temperature requirements of probe B as potential causes.
Solutions include improved bead reconstitution, a software change and
adjustment of probe B to increase robustness; all of which are being
evaluated [50].

The performance of GeneXpert assay for drug susceptibility has
been evaluated in several studies. In an initial study a sensitivity and
specificity for rifampicin resistance of 94.4% and 98.3% [60]. In a 7
study subset of the meta-analysis, the pooled sensitivity of rifampicin
resistance detection was 94% and specificity of 97% [52]. Sensitivities
of 100% have also been reported in several studies [48,49,55]. In a
recent study in a programmatic setting in South Africa a specificity of
99.5% was reported [61]. Generally, these findings are in agreement
with the present study and they indicate that GeneXpert assay is a
valuable tool for testing rifampicin resistant.

All the 26 samples that were reported to be rifampicin resistance
using GeneXpert assay were able to grow in culture meaning that they
were viable organism. This means that the assay is a suitable
implement for monitoring patients including those on treatment. This
finding differs with other observations that that suggests that
molecular tests, including GeneXpert MTB/RIF, are not suitable for
patient monitoring as these tests detect DNA from both viable and
non-viable bacilli [62]. They also stated that conventional laboratory
capacity is, therefore, required to monitor treatment response of
patients detected by GeneXpert and to conduct additional drug
susceptibility testing in patients with rifampicin resistance.

The feasibility and cost effectiveness of GeneXpert test for routine
laboratory use in the identification and susceptibility testing of
Mycobacterium tuberculosis was compared to the gold standard
culture method. The hands on time for processing each sample was
only 5 minutes for GeneXpert assay while for culture method it was
higher at 20 minutes. The difference is because the former is
automated and the only manual step was the liquefaction and
inactivation of the sputum while for the latter all the process are
manual. There were also significant differences on the time it took to
generate results for GeneXpert assay on average it took between 2
hours while culture method took up to 8 weeks to generate results. The
short turnaround time is essential for it substantially faster initiation of
appropriate tuberculosis therapy, particularly for patients with smear
negative disease. Noting the short turn around time for GenXpert,
Recent Studies [63], reported that scale-up of laboratory capacity for
detection of TB and drug resistance is urgently needed, but may be
costly.

In this study the running costs for GeneXpert were six times more
than the culture method. In a review [7], it was reported differences in
running costs of between 2 and 7 times. Here most of the costs for
molecular testing were influenced by consumable costs, especially the
cartilage which accounted for 30% of the total cost. Studies [64],
reported that GeneXpert and MTBDRplus are the two WHO
recommended platforms for rapid detection of TB and drug-resistant
TB and many low and middle-income countries qualify for negotiated
discounts on these assays. This has implications in that the costs
reported in this study are likely to come down after discount thereby
increasing affordability. Overall, the present suggest that decentralized
test implementation is feasible and could lead to an improvement in
tuberculosis care and control. Similar findings were reported in a study
that suggested that decentralized test implementation is feasible and
could lead to an improvement in tuberculosis care and control [60].
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The current reference standard approaches involving culture for
identification and susceptibility testing are slow, have biosafety hazard
and are resource intensive for laboratories to perform. GeneXpert
assay necessitated rapid diagnosis of tuberculosis and detection of
rifampicin resistance at once because it was giving results within 2 hrs.
This assay was found to be essential for early disease diagnosis and
management in clinical specimens. The early availability of results for
positive pulmonary tuberculosis offers numerous advantages which
include bringing down transmission rates and saving of costs through
shortening of isolation and hospitalization time for patients.

Conclusion
This study shows that women have equal access to care like men and

that both have similar TB diagnosis health-seeking behaviour. It also
indicates that gender play a more important role than age as a risk
factor for contracting pulmonary tuberculosis in Kitui. For detection of
Mycobacterium tuberculosis GeneXpert assay has diagnostic power
that is comparable to the gold standard culture method but it has more
power than acid fast bacilli smear microscopy. Therefore, in high-
volume laboratories with low sensitivity for sputum smear microscopy,
GeneXpert is likely to substantially improve the diagnostic
confirmation of the bacilli. For drug susceptibility testing GeneXpert
assay has a sensitivity that is similar to the culture method. It is
therefore a valuable tool for determining rifampicin resistance in
patients infected with Mycobacterium tuberculosis. Although the cost
of testing samples with GeneXpert assay is higher than culture it offers
rapid detection. Overall, GeneXpert assay was found to be essential for
early disease diagnosis and management in clinical specimens in the
Kenyan environment.
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