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Abstract

Background: Low income, high-tuberculosis burden, countries are considering selective deployment of Xpert MTB/RIF assay
(Xpert) due to high cost per test. We compared the diagnostic gain of the Xpert add-on strategy with Xpert replacement
strategy for pulmonary tuberculosis diagnosis among HIV-infected adults to inform its implementation.

Methods: The first diagnostic sputum sample of 424 HIV-infected adults (67% with CD4 counts #200/mm3) suspected for
tuberculosis was tested by direct Ziehl-Neelsen (DZN) and direct fluorescent microscopy (DFM); concentrated fluorescent
microscopy (CFM); Lowenstein-Jensen (LJ) and Mycobacterial Growth Indicator Tube (MGIT) culture; and Xpert. Overall
diagnostic yield and sensitivity were calculated using MGIT as reference comparator. The sensitivity of Xpert in an add-on
strategy was calculated as the number of smear negative but Xpert positive participants among MGIT positive participants.

Results: A total of 123 (29.0%) participants were MGIT culture positive for Mycobacterium tuberculosis. The sensitivity (95%
confidence interval) was 31.7% (23.6–40.7%) for DZN, 35.0% (26.5–44.0%) for DFM, 43.9% (34.9–53.1%) for CFM, 76.4%
(67.9–83.6) for Xpert and 81.3% (73.2–87.7%) for LJ culture. Add-on strategy Xpert showed an incremental sensitivity of
44.7% (35.7–53.9%) when added to DZN, 42.3% (33.4–51.5%) to DFM and 35.0% (26.5–44.0%) to CFM. This translated to an
overall sensitivity of 76.4%, 77.3% and 79.0% for add-on strategies based on DZN, DFM and CFM, respectively, compared to
76.4% for Xpert done independently. From replacement to add-on strategy, the number of Xpert cartridges needed was
reduced by approximately 10%.

Conclusions: Among HIV-infected TB suspects, doing smear microscopy prior to Xpert assay in add-on fashion only
identifies a few additional TB cases.

Citation: Ssengooba W, Nakiyingi L, Armstrong DT, Cobelens FG, Alland D, et al. (2014) Clinical Utility of a Novel Molecular Assay in Various Combination
Strategies with Existing Methods for Diagnosis of HIV-Related Tuberculosis in Uganda. PLoS ONE 9(9): e107595. doi:10.1371/journal.pone.0107595

Editor: Yoshihiko Hoshino, National Institute of Infectious Diseases, Japan

Received April 11, 2014; Accepted August 14, 2014; Published September 15, 2014

Copyright: � 2014 Ssengooba et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Data Availability: The authors confirm that all data underlying the findings are fully available without restriction. All relevant data are within the paper.

Funding: This project was funded with Federal funds from the National Institute of Allergy and Infectious Diseases, National Institutes of Health, Department of
Health and Human Services, under Contract no. HHSN2722000900050C ‘‘TB Clinical Diagnostics Research Consortium’’. Additional support was provided by
Erasmus Mundus Joint Doctorate Program of the European Union to WS. The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Competing Interests: WS, FGC, NL, DA, YM, SED, JJE and MJ have declared that no competing interests exists. David Alland (DA) and DA’s laboratory receive
royalties from licensing fees for the use of molecular beacons in the Cepheid XpertMTB/RIF assay. DA’s personal loyalties with the assay are capped at $4,999 per
year, and royalties payable to DA’s laboratory are at $50,000 per year. DA also received a research grant from Cepheid. This does not alter the authors’ adherence
to all the PLOS ONE policies on sharing data and materials.

* Email: willyssengooba@gmail.com

Background

Tuberculosis (TB) remains the most important opportunistic

infection causing death among HIV-infected individuals in Sub-

Saharan Africa [1]. Microscopic examination of Ziehl-Neelsen

(ZN)-stained sputum smears, the most commonly available

diagnostic in resource-limited settings, has low sensitivity for

TB detection, especially among HIV-infected individuals.

Therefore, at least two sputum specimens need to be tested.

However, in practice, the second smear is difficult to obtain for

logistical reasons [2]. Fluorescence microscopy (FM) is 7–10%

more sensitive for TB detection than conventional light

microscopy [3–5], but the increase in sensitivity among HIV-

infected individuals is often lower than in HIV-uninfected

individuals [6–9].

Sputum culture, generally considered the gold standard for TB

diagnosis, takes several weeks to yield results and may not be

available before individuals are lost to follow-up or even dead [10].

The use of culture for diagnosing TB was recommended by the
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World Health Organization (WHO) among HIV-infected indi-

viduals [11]. However, it has not been widely scaled-up due to

infrastructure and other resource requirements, shortages of

qualified laboratory personnel, limited access to training for

specific tests and logistical limitations, as well as longer time to

detection [12].

The WHO recently endorsed use of a molecular-based

diagnostic, the Xpert MTB/RIF assay (Xpert; Cepheid, Sunny-

vale, CA, USA) as a frontline diagnostic for TB among HIV-

infected individuals [13]. An all-in-one-cartridge real-time PCR, it

offers a total run time of 2 hours, higher sensitivity, and

simultaneous susceptibility results for rifampicin in one test run.

However, this test is still under-utilized in high TB burden

countries due to the investment cost of the equipment, mainte-

nance costs and the individual cartridge cost [13,14]. Further-

more, its sensitivity for diagnosing TB among smear-negative

individuals ranges from 56–88% [15–18]; in some cases, TB

culture is still required for diagnosis.

Although WHO now recommends that Xpert be used as the

initial test in adults and children presumed to have HIV-

associated TB [19], several low-income countries are adopting

an add-on strategy in which smear microscopy is used first in

individuals clinically suspected to have TB, and if the smear is

negative and the individual is HIV-positive then the sputum is

subsequently tested by Xpert [14,20,21]. This is partly based on

considerations of affordability. Indeed, an economic analysis

suggested that for a low-income country such as Uganda an

add-on strategy had lower diagnostic and treatment costs than a

replacement strategy in which Xpert was used as the first-line

test [14]. However, this analysis did not take into account

possible differences between HIV-positive and HIV-negative

individuals, nor possible dropouts from the diagnostic process,

which may occur if individuals first have to wait for smear

results or come back. Furthermore, previous studies did not

address the effects of testing only one sputum sample, or of

using more sensitive smear microscopy methods [14,21]. In

Uganda, there were 26 health facilities with functional Xpert

services by the end of June 2012 [22]. In financial year 2012/

2013 the number of Xpert machines in Uganda increased to

45, of which 42 (93%) were fully functional and three were

awaiting installation. This was against a National Tuberculosis

Control Program target of 200 Xpert machines by the year

2015. At this Xpert roll-out rate, there will be about 38 Xpert

machines in the coming two years leading to 83 operational

Xpert centers by 2015. The national guidance is to utilize

Xpert among smear negative HIV-infected individuals and for

screening for rifampicin resistance among retreatment TB

patients, due to reasons of affordability and challenges of

optimal procurement of cartridges, in contrast to WHO

recommendation [19]. There thus remains a need to assess

the most effective diagnostic strategy that would be relevant for

routine practice using systematically collected evidence for

effectiveness before implementation [20,23].

In this study, we compared the diagnostic gain of various Xpert

add-on strategies with that of an Xpert replacement strategy for

diagnosis of pulmonary TB among HIV-infected adults to inform

its implementation in Uganda.

Methods

Study participants
This was a secondary data analysis from a prospective TB

diagnostics study among HIV-infected participants suspected of

TB disease [24]. It consisted of both inpatients and outpatients of

Mulago National referral Hospital and the Infectious Diseases

Institute (IDI) of Makerere University in Kampala, Uganda. The

participants were HIV-infected TB suspects with at least one sign

or symptom of TB. The enrollment period was January 2011

through November 2011. For the accuracy study, two sputum

samples were collected for direct ZN, direct FM, concentrated FM

and culture on both solid and liquid media. Blood samples for

CD4 cell count and for culture were collected at study enrollment.

For the present analysis, we considered a single sputum sample

only, namely the sample submitted by the participant on the first

diagnostic encounter.

Figure 1. Hypothetical Xpert implementation in either a replacement or an add-on strategy. DZN = Direct Ziehl Neelsen, DFM = Direct
Fluorescent Microscopy, CFM = Concentrated Fluorescent Microscopy, Xpert = Xpert MTB/RIF test.
doi:10.1371/journal.pone.0107595.g001
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Laboratory procedures
Mycobacteriological laboratory procedures were done at the

Mycobacteriology (BSL-3) laboratory which is under the

Medical Microbiology department of Makerere University. All

examinations were according to standard procedures for culture,

direct and concentrated smears for microscopy [25]. Briefly

smears were made from unprocessed sputum samples, stained

using standard reagents and examined by light for direct ZN

microscopy (DZN) or direct auramine O-stained FM (DFM) at

6100 and 640 objectives respectively (Olympus CX31 with

LED attachment, Olympus Corporation, Tokyo, Japan). Smear

results were reported as scanty, 1+, 2+ and 3+ using the WHO

grading system [26]. Positive results were issued within 24 hours

to the requesting physicians to initiate TB treatment. The

remaining sputum samples were processed by digestion and

decontamination with NALC/NAOH 2% for 15 min, followed

by dilution with phosphate buffer (PH 6.8) up to 45 ml. The

homogenized sample was then centrifuged at 3000g for 15 min.

The sediment was re-suspended with phosphate buffer (pH 6.8)

to a volume of 2 ml, of which 0.5 ml was inoculated in MGIT

and two LJ tubes per sample for mycobacterial culture. At this

point, a smear from the suspension was made for concentrated

FM (CFM). Residual aliquots were stored frozen at 280uC.

Cultures on LJ were incubated at 37uc for up to 8 weeks and

the MGIT in a machine for up to 6 weeks.

All cultures with growth were sub-cultured on blood agar to

exclude contamination and a smear was examined by ZN smear

microscopy. Specimen positive for acid-fact bacilli (AFB) under-

went Capillia Neo TB (TAUN, Numazu, Japan) testing. Capillia

positive specimens were classified as Mycobacterium tuberculosis
complex (MTB) and those negative as Non-tuberculous Mycobac-

teria (NTM). Those that were AFB-negative and had growth on

blood agar were classified as contaminated and those without

growth throughout were classified as negative.

The Xpert assay was performed on the leftover sputum pellets

from culture. Samples were thawed from 280uC to room

temperature. Procedures for Xpert were done using a 1:3 (sample:

sample reagent) dilution. This was vigorously mixed and incubated

at room temperature for 15 minutes and one mL of the mixture

was transferred to the Xpert cartridge. The cartridge was then

inserted into the Xpert machine; processing and result interpre-

tation is automated, using software version 4.0.

Statistical analysis
Data were double entered in an electronic database (MS-Access,

Microsoft Corp, Seattle WA, USA); discrepancies were solved by

checking the entries against the raw data. Data were exported to

Table 1. Characteristics and CD4 cell count categories of participants enrolled (N= 424).

Parameter Number (%)

Female 269 (63.4)

Median age(IQR) 32 (32–34)

MGIT culture positive TB cases 123 (29.0)

CD4 cell count among MGIT confirmed TB cases (N=419)

Total (N) 121 (28.9)

Median CD4/mm3 (IQR) 67 (43–92)

CD4,50 (n = 164) 52 (31.7)

CD4 51–200 (n = 117) 45 (38.4)

CD4.200 (138) 24 (17.4)

Grew NTM on MGIT culture 19 (4.5)

CD4,50 (n = 164) 12 (7.3)

CD4 51–200 (n = 117) 3 (2.6)

CD4.200 (138) 4 (2.9)

Key: IQR = Inter Quartile Range, MGIT = Mycobacterial Growth Indicator Tube, NTM = Non Tuberculous Mycobacteria.
doi:10.1371/journal.pone.0107595.t001

Table 2. Comparison of Xpert MTB/RIF method with sputum culture.

Xpert MTB/RIF results by MGIT status of corresponding sputum specimen

MTB positive
NTM positive but
MTB negative Negative for NTM and MTB

Xpert MTB/RIF positive 94 3 7

Xpert MTB/RIF negative 29 16 275

Xpert MTB/RIF results by LJ status of corresponding sputum specimen

Xpert MTB/RIF positive 89 1 14

Xpert MTB/RIF negative 15 2 303

Key: LJ = Lowenstein Jensen, MGIT = Mycobacterial Growth Indicator Tube, Xpert = Xpert MTB/RIF test, NTM = Non Tuberculous Mycobacteria.
doi:10.1371/journal.pone.0107595.t002

Utility of Xpert MTB/RIF Assay in Various Combination Strategies

PLOS ONE | www.plosone.org 3 September 2014 | Volume 9 | Issue 9 | e107595



Stata v11 (Stata Corp, College Station TX, USA) for analysis. We

used the exact binomial method for calculating 95% confidence

intervals and the 2-sided Fisher’s exact test for comparing

proportions.

Diagnostic yield was defined as the observed number of TB

cases detected by each test employed. Sensitivity per test was

calculated as the proportion positive using MGIT culture as the

reference comparator. The incremental sensitivity for an add-on

strategy of Xpert to smear microscopy was calculated as the

number of participants positive by Xpert but negative on the

smear microscopy method divided by the total number of TB cases

detected by MGIT culture (Figure 1).

Ethics statement
The study protocol was approved by Makerere University

School of Public Health Institutional Review Board (MUSPHIRB)

and the Uganda National Council of Science and Technology

(UNCST). All participants gave written informed consent.

Results

Characteristics of participants
A total of 523 HIV-infected participants were screened for the

study and 498 had the first sputum sample on the first diagnostic

encounter. A total of 74 participants were excluded from this

analysis: 19 (3.8%) due to LJ contamination, 46 (9.2%) due to

MGIT contamination, and 9 (1.8%) due to contamination on both

LJ and MGIT culture. There were no missing or invalid Xpert

results, leaving 424 participants for the analysis. Table 1 shows the

characteristics of participants included in this analysis.

Comparative performance of the methods used for
diagnosis of HIV-related tuberculosis
Overall 123 (29.0%) of the participants were microbiologically

confirmed TB cases by MGIT culture. Xpert was negative for two

specimens with DZN positive smears (one graded scanty and one

graded 1+) of which one was culture negative, for three specimens

with DFM positive smears (all graded scanty) of which two were

culture positive for M. tuberculosis, and for four specimens with

CFM positive smears (one graded scanty, two 1+ and one 2+) of
which three were M. tuberculosis culture positive. The total

number of culture positive TB cases who were smear positive but

Xpert negative were four of which DZN detected one, DFM

detected two and CFM detected all those detected by DZN and

DFM with additional two TB cases (Table S1).

Of the Xpert-positive specimens, four were resistant to

rifampicin, also confirmed by phenotypic drug susceptibility

testing using MGIT. These related to two participants with CD4

cell count between 51 and 200, and two participants with CD4.

200 cells/mm3.

Of the five participants that were smear-positive but MGIT

culture-negative for M. tuberculosis, three grew NTM. Table 2

shows Xpert results compared with LJ and MGIT culture.

Diagnostic yield and sensitivity of the methods used for
diagnosis of HIV-related tuberculosis
Among MGIT culture positive TB patients, sputum culture by

LJ had the same yield as Xpert 104 (24.5%), however, LJ culture

had a slightly higher sensitivity of 100 (81.3%) compared to Xpert

test, 94 (76.4%) (Table 3). Xpert test detected slightly more TB

Table 3. Overall yield and sensitivity using MGIT as the reference comparator, for each of the test methods.

overall (n = 424) MGIT culture positive (n =123)

Test Yield n (%) 95% CI Sensitivity n (%) 95% CI

DZN 42 (9.9) 7.2–13.1 39 (31.7) 23.6–40.7

DFM 46 (10.8) 8.0–14.2 43 (35.0) 26.5–44.0

CFM 58 (13.7) 10.5–17.3 54 (43.9) 34.9–53.1

Xpert 104 (24.5) 20.5–28.9 94 (76.4) 67.9–83.6

LJ 104 (24.5) 20.5–28.9 100 (81.3) 73.2–87.7

MGIT 123 (29.0) 24.7–33.5 N/A N/A

Key: Direct Ziehl Neelsen, DFM = Direct Fluorescent Microscopy, CFM = Concentrated Fluorescent Microscopy, LJ = Lowenstein Jensen, MGIT = Mycobacterial
Growth Indicator Tube, Xpert = Xpert MTB/RIF test, CI = Confidence Interval.
doi:10.1371/journal.pone.0107595.t003

Table 4. Overall yield of tests, by CD4 cell count at study enrollment (n = 419).

Test
.200 n (%)
N=138 95% CI

51–200 n (%)
N=117 95% CI

,/ = 50 n (%)
N=164 95% CI

DZN 11 (8.0) 4.0–13.8 13 (11.1) 6.0–18.2 18 (11.0) 6.6–16.7

DFM 11 (8.0) 4.0–13.8 14 (12.0) 6.6–19.2 21 (12.8) 8.1–18.9

CFM 15 (10.9) 6.2–17.2 18 (15.4) 9.3–23.2 25 (15.2) 10.1–21.6

Xpert 25 (18.1) 12.1–25.5 34 (29.1) 21.0–38.1 44 (26.8) 20.2–34.2

LJ 19 (13.8) 8.4–20.6 37 (31.6) 23.3–40.8 46 (28.0) 21.3–35.5

MGIT 24 (17.4) 11.4–24.7 45 (38.5) 29.6–47.9 52 (31.7) 24.6–39.4

Key: Direct Ziehl Neelsen, DFM = Direct Fluorescent Microscopy, CFM = Concentrated Fluorescent Microscopy, LJ = Lowenstein Jensen, MGIT = Mycobacterial
Growth Indicator Tube, Xpert = Xpert MTB/RIF test, CI = Confidence Interval.
doi:10.1371/journal.pone.0107595.t004
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cases than LJ, only among participants with CD4 cell count .200

cells/mm3 (Table 4).The sensitivity of Xpert decreased near-

significantly from 91.7% (95% CI 73.0–98.9%) among partici-

pants with CD4 cell count .200 cells/mm3 to 73.2% (95% CI

63.2–81.7%) among participants with CD4 cell count #200 cells/

mm3 (p = 0.062). There was almost no difference in sensitivity of

Xpert between participants with CD4 cell count 50–200 cell/mm3

and participants with cell count ,50 CD4 cell/mm3 (68.9% vs

76.9%, p= 0.491) (Table 5).

Performance of Xpert test in an add-on strategy for TB
diagnosis among HIV-infected participants
Xpert resulted in an incremental sensitivity (IS) of 55/123

(44.7%; 95% CI 35.7–53.9%) when added to DZN, 52/

123(42.3%; 33.4–51.5%) when added to DFM and 43/123

(35.0%; 26.5–44.0%) when added to CFM. This translates into

a combined sensitivity of 76.4%, 77.3% and 78.9% for Xpert done

after a positive DZN, DFM and CFM smear examination,

respectively, compared to the sensitivity of 76.4% for Xpert done

independently (Figure 2).

In this study population one would, for the add-on strategies,

need to do 424 smear examinations, plus 385 Xperts for DZN, 381

Xperts for DFM, and 370 Xperts for CFM, whereas for Xpert

done independently one would do 424 Xpert tests. Using an add-

on strategy one would thus require 9.2% (95% CI 6.6–12.3%)

fewer Xpert tests when combined with DZN, 10.1% (7.4–13.4%)

fewer Xpert tests when combined with DFM and 12.7% (9.7–

16.2%) fewer Xpert tests when combined with CFM.

Discussion

We have documented that among HIV-infected PTB suspects,

an add-on strategy in which smear examination is done first and

if negative followed by Xpert only identifies a few additional TB

cases compared to a strategy in which Xpert is used as the first-

line test. There is only 0–2.6% additional sensitivity for an add-

on strategy and the proportion of Xpert tests saved by an add-on

strategy is only around 10% (Figure 2). The smear examination

method having the most sensitivity in an add-on strategy was FM

after concentration by centrifugation, an elaborate method that

generally cannot be performed in peripheral laboratories

(Figure 2).

We found an increase in diagnostic gain from direct ZN to

fluorescent microscopy that agrees with previous studies [6,7,27]

(Table 3). Xpert detected more TB cases than any of the smear

microscopy methods irrespective of concentration; moreover,

smear microscopy is less specific as we have documented smear-

positive participants with NTM in culture that were negative by

Xpert. In agreement with previous studies [15,16], this may be

because for a positive result, Xpert requires fewer bacilli per mL of

sputum sample leading to detection of TB cases that are likely to

be missed by the smear examination methods that require more

bacilli per mL, and Xpert targets gene sequences that are specific

to M. tuberculosis[15,28]. However, Xpert did give apparent false-

positive results, including in 3 of 19 specimens that grew NTM but

no M. tuberculosis on MGIT (Table 2). Although this seems to

suggest that the specificity of Xpert for M. tuberculosis is below
100%, it may also be that the sensitivity of MGIT to detect M.

tuberculosis in these patients was incomplete, or that the NTM-

positive participants also had M. tuberculosis, which might have

been outcompeted in MGIT culture [29,30].

Sputum culture by LJ detected fewer cases than MGIT, as

previously documented [31,32]. LJ had the same yield as Xpert

although it had slightly higher sensitivity (Table 3). The high

diagnostic yield of Xpert obviates the need to do LJ culture, given

the costly infrastructure and specialized staff requirements for the

latter. Despite MGIT culture having a higher yield than the other

methods used, it is more costly with more requirements for its use

in routine TB diagnosis. Xpert assay also rapidly detected four

rifampicin resistant participants. Using Xpert assay could thereby

increase the number of individuals who are started timely on

appropriate second-line treatment. Culture using MGIT detected

more TB cases when compared with Xpert partly due to lower

detection threshold in terms of number of bacilli per mL that is

required for the MGIT culture to be positive as compared to a

molecular assay like Xpert [33]. However, the long time to

detection by culture that delays treatment initiation may not make

Table 5. Sensitivity per test by CD4 cell count among MGIT confirmed TB cases (n = 121).

Test
.200 n (%)
N=24 95% CI

51–200 n (%)
N=45 95% CI

,/ = 50 n (%)
N=52 95% CI

DZN 11 (45.8) 25.5–67.1 11 (24.4) 12.8–39.5 17 (32.7) 20.3–47.1

DFM 11 (45.8) 25.5–67.1 12 (26.7) 14.6–41.9 20 (38.5) 25.3–52.9

CFM 14 (58.3) 36.6–77.8 16 (35.6) 21.8–51.2 24 (46.2) 32.2–60.5

Xpert 22 (91.7) 73.0–98.9 31 (68.9) 53.3–81.8 40 (76.9) 63.1–87.4

LJ 19 (79.2) 57.8–92.8 36 (80.0) 65.4–90.4 43 (82.7) 69.6–91.7

Key: Direct Ziehl Neelsen, DFM = Direct Fluorescent Microscopy, CFM = Concentrated Fluorescent Microscopy, LJ = Lowenstein Jensen, MGIT = Mycobacterial
Growth Indicator Tube, Xpert = Xpert MTB/RIF test, CI = Confidence Interval.
doi:10.1371/journal.pone.0107595.t005

Figure 2. Sensitivity and incremental sensitivity of Xpert
among smear negative MGIT culture confirmed TB cases
(n=123). DZN = Direct Zielh Neelsen, DFM = Direct Fluorescent
Microscopy, CFM = Concentrated Fluorescent Microscopy, Xpert =
Xpert MTB/RIF test, IS = Incremental sensitivity.
doi:10.1371/journal.pone.0107595.g002
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it a better test for tuberculosis in individuals with HIV infection,

who have high mortality if left untreated [34].

On the other hand and as previously documented [15], the

sensitivity of Xpert, as well as of all smear examination methods

per test decreased when CD4 cell counts decreased below 200

cells/mm3, while there was no further decrease in sensitivity when

the CD4 cell count group of 50–200 cell/mm3 was compared to

that of .50 cell/mm3 (Table 4 and Table 5). This trend

emphasizes the need to use tests that are more sensitive in HIV-

infected individuals with CD4 cell counts below 200 cell/mm3,

such as molecular-based test and culture.

When we analyzed our findings in terms of incremental

sensitivity after smear microscopy, the added benefit of combining

Xpert with smear examination in an add-on strategy was small

(Figure 2). In addition, there were only limited savings in terms of

fewer Xpert tests done, whereas there will be additional costs and

potential diagnostic delays due to the smear examinations.

The limited benefit of an add-on strategy could be related to the

specific nature of this study population of HIV-infected individuals

with on average low CD4 counts (two-thirds #200 cells/mm3).

This reflects the likely operational cohort of HIV-infected smear-

negative TB cases in Uganda and other low income countries

where an add-on strategy is considered [21]. The sensitivity of

smear examination of a single sputum sample from an HIV-

infected individual is rather low (32–44%), whereas that of Xpert is

relatively high. Moreover, one would not want to delay diagnosis

of smear-negative TB in an HIV-infected individual because of the

high mortality [34].

Our study had limitations. We performed Xpert on previously

frozen processed sputum samples. However, previous studies

showed that this is unlikely to produce different results from testing

unprocessed samples [15]. Furthermore, we considered only one

sputum samples in our analysis, which will have limited the

sensitivity compared to testing two or more samples, including an

early morning sample or in a frontloading system as generally

recommended [31,35,36]. In practice however, often, a single

sputum sample is available and we intended to evaluate the

diagnostic value of add-on versus replacement strategies for that

situation. We calculated sensitivity relative to MGIT culture,

which is not 100% sensitive itself. Xpert positive and MGIT

culture with NTM are likely to be true positives, underestimating

the incremental sensitivity of Xpert. Moreover, NTM positive

cultures were considered negative, among which Xpert identified

additional TB cases. Finally, we used a rapid identification assay to

confirm culture positive samples for MTB complex, however,

previous studies have documented cases of false-negative results,

which could have affected the discriminatory power of culture

methods for NTM [37,38]. Future studies with more robust

identification methods such as 16s sequence based identification

on smear positive antigen test negative cultures are recommended.

Our findings support a replacement strategy (i.e. Xpert only) for

implementing Xpert for diagnosing TB among HIV-infected

individuals if Xpert is available on-site. If Xpert is not available on-

site, an add-on strategy may be helpful since, as in our study, 32–

44% of HIV-infected individuals with TB may already be detected

upon smear examination of a first sputum sample. These

individuals, or their sputum specimens, then do not need to be

referred to a clinic where Xpert tests can be performed, with

obvious savings in terms of transport cost, delays and potentially

dropout of the diagnostic process and related mortality. Indeed,

despite WHO recommendations and subsidization of cartridges

the availability at point-of-care level of Xpert will likely increase

only slowly, given the cost of the equipment and importation of

cartridges, and the difficulties in resource-constrained settings with

machine calibration and maintenance. An add-on strategy in

which smear negative samples are referred for Xpert testing will

only be economically efficient (transport, sample packaging, time-

wise) if Xpert machines are decentralized to testing hubs within

the district or to district reference laboratories. Further studies are

needed to evaluate the cost-effectiveness of various strategies for

implementing Xpert under routine, programmatic conditions

before being scaled-up in resource-limited settings.

Supporting Information

Table S1 Comparative performance of Xpert, LJ and
MGIT by smear microscopy status for diagnosis of HIV-
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(DOC)

Acknowledgments

The Authors wish to thank the Infectious Disease Institute Makerere

University for co-ordination support as well as the Mycobacteriology (BSL-

3) laboratory in department of medical microbiology Makerere University

for specimen analysis. Data analysis support from Ms. Sandra Armakovitch

of Boston Medical center USA. We also acknowledge the comprehensive

review of the previous versions by Prof. Dr. Bouke de Jong head of the Unit

of Mycobacteriology Institute of Tropical Medicine (ITM), Antwerp. We

also acknowledge the support from Erasmus Mundus Joint Doctorate

Program of the European Union that supported WS as a doctoral

candidate during data analysis and manuscript writing.

Author Contributions

Conceived and designed the experiments: WS. Performed the experiments:

WS LN MLJ DTA DA. Analyzed the data: WS FGC. Contributed

reagents/materials/analysis tools: MLJ JJE SED YCM. Contributed to the

writing of the manuscript: WS LN DTA FGC DA YCM SED JJE MLJ.

References

1. World Health Organization (2013)Global tuberculosis report 2013. Geneva,

Switzerland: WHO, 2013. Available: http://www.who.int/tb/publications/

global_report/en/. Accessed 2014 Aug 1.

2. Cuevas LE, Yassin M, Al-Sonboli N, Lawson L, Arbide I, et al (2011) A Multi-

Country Non-Inferiority Cluster Randomized Trial of Frontloaded Smear

Microscopy for the Diagnosis of Pulmonary Tuberculosis. PLOS Med 8.

3. Turnbull ER, Kaunda K, Harris JB, Kapata N, Muvwimi MW, et al. (2011) An

evaluation of the performance and acceptability of three LED fluorescent

microscopes in Zambia: lessons learnt for scale-up. PLOS One 6: e27125.

4. Albert H, Manabe Y, Lukyamuzi G, Ademun P, Mukkada S, et al. (2010)

Performance of three LED-based fluorescence microscopy systems for detection

of tuberculosis in Uganda. PLOS One 5: e15206.

5. Van Deun A, Chonde TM, Gumusboga M, Rienthong S (2008) Performance

and acceptability of the FluoLED Easy module for tuberculosis fluorescence

microscopy. Int J Tuberc Lung Dis 12: 1009–1014.

6. Steingart KR, Ng V, Henry M, Hopewell PC, Ramsay A, et al. (2006) Sputum

processing methods to improve the senstitivity of smear microscopy for

tuberculosis: a systematic review. Lancet Infect Dis 6: 664–674.

7. Steingart KR, Henry M, Ng V, Hopewell PC, Ramsay A, et al. (2006)

Fluorescence versus conventional sputum smear microscopy for tuberculosis: a

systematic review. Lancet Infect Dis 6: 570–581.

8. World Health Organization (2006) Tuberculosis Coalition for Technical

Assistance. International Standards for Tuberculosis Care (ISTC). The Hague:

Tuberculosis Technical Assistance. Available: www.who.int/tb/publications/

2006/istc_report.pdf. Accessed 2014 Aug 1.

9. Albert H, Nakiyingi L, Sempa J, Mbabazi O, Mukkada S, et al. (2013)

Operational Implementation of LED Fluorescence Microscopy in Screening

Tuberculosis Suspects in an Urban HIV Clinic in Uganda. PLOS One 8:

e72556.

10. Boehme CC, Nicol MP, Nabeta P, Michael JS, Gotuzzo E, et al. (2011)

Feasibility, diagnostic accuracy, and effectiveness of decentralised use of the

Utility of Xpert MTB/RIF Assay in Various Combination Strategies

PLOS ONE | www.plosone.org 6 September 2014 | Volume 9 | Issue 9 | e107595



Xpert MTB/RIF test for diagnosis of tuberculosis and multidrug resistance: a

multicentre implementation study. Lancet 377: 1495–1505.
11. World Health Organization (2007) Improving the diagnosis and treatment of

smear-negative pulmonary and extrapulmonary tuberculosis among adults and

adolescents. Recommendations for HIV-prevalent and resource-constrained
settings. WHO/HTM/STB) 33: 36. Available: www.uphs.upenn.edu/bugdrug/

…/smear_neg_and_extrapulmTb.pdf. Accessed 2014 Aug 1.
12. Cohen GM (2007) Access to diagnostics in support of HIV/AIDS and

tuberculosis treatment in developing countries. AIDS 21 Suppl 4: S81–87.

13. World Health Organization (2011). Rapid Implementation of Xpert MDR/RIF
diagnostic test. Technical and operational ‘‘How to’’. Practical considerations.

WHO/HTM/TB/2011.2. Geneva, Switzerland: WHO, 2011. Available:
whqlibdoc.who.int/publications/2011/9789241501569_eng.pdf. Accessed

2014 Aug 1.
14. Vassall A, van Kampen S, Sohn H, Michael JS, John KR, et al. (2011) Rapid

diagnosis of tuberculosis with the Xpert MTB/RIF assay in high burden

countries: a cost-effectiveness analysis. PLOS Med 8: e1001120.
15. Theron G, Peter J, van Zyl-Smit R, Mishra H, Streicher E, et al. (2011)

Evaluation of the Xpert MTB/RIF assay for the diagnosis of pulmonary
tuberculosis in a high HIV prevalence setting. Am J Respir Crit Care Med 184:

132–140.

16. Boehme CC, Nicol MP, Nabeta P, Michael JS, Gotuzzo E, et al. (2011)
Feasibility, diagnostic accuracy, and effectiveness of decentralised use of the

Xpert MTB/RIF test for diagnosis of tuberculosis and multidrug resistance: a
multicentre implementation study. Lancet 377: 1495–1505.

17. Marlowe EM, Novak-Weekley SM, Cumpio J, Sharp SE, Momeny MA, et al.
(2011) Evaluation of the Cepheid Xpert MTB/RIF assay for direct detection of

Mycobacterium tuberculosis complex in respiratory specimens. J Clin Microbiol

49: 1621–1623.
18. Moure R, Munoz L, Torres M, Santin M, Martin R, et al. (2011) Rapid

detection of Mycobacterium tuberculosis complex and rifampin resistance in
smear-negative clinical samples by use of an integrated real-time PCR method.

J Clin Microbiol 49: 1137–1139.

19. World Health Organization; Tuberculosis diagnostics, Xpert MTB/RIF Test.
WHO Recommendations October 2013; Available: http://www.who.int/tb/

publications/Xpert_factsheet.pdf?ua=1. Accessed 2014 Aug 1.
20. Cobelens F, van den Hof S, Pai M, Squire SB, Ramsay A, et al. (2012) Which

new diagnostics for tuberculosis, and when? J Infect Dis 205 Suppl 2: S191–198.
21. Creswell J, Codlin AJ, Andre E, Micek MA, Bedru A, et al. (2014) Results from

early programmatic implementation of Xpert MTB/RIF testing in nine

countries. BMC Infect Dis 14: 2.
22. Joloba M (2013) Laboratory services in Uganda. Available: http://www.mbnlab.

c o m / M B N % 2 0 L a u n c h % 2 0 p d f s /
Moses%20Jo loba%20Laboratory%20Services%20in%20Uganda_

Moses%20Joloba.pdf. Accessed 2014 Aug 1.

23. Trebucq A, Enarson DA, Chiang CY, Van Deun A, Harries AD, et al. (2011)
Xpert(R) MTB/RIF for national tuberculosis programmes in low-income

countries: when, where and how? Int J Tuberc Lung Dis 15: 1567–1572.
24. Nakiyingi L, Moodley VM, Manabe YC, Nicol MP, Holshouser M, et al. (2014)

Diagnostic accuracy of a rapid urine lipoarabinomannan test for tuberculosis in
HIV-infected adults. J Acquir Immune Defic Syndr Epub Date; 2014 Mar 26:

Available: http://wwwncbinlmnihgov/pubmed/24675585. Accessed 2014 Aug

1.
25. CDC (1985) Public Health Mycobacteriology: A Guide For The Level III

laboratory Control CFD, editor. U.S.A, Atlanta, Georgia. Available: https://

www.catalyst.library.jhu.edu/catalog/bib_1853570. Accessed 2014 Aug 1.
26. Rieder HL, Van Deun A, Kam KM, Kim SJ, Chonde TM, et al. (2007)

Priorities for tuberculosis bacteriology services in low-income countries. 2nd ed.
Paris, France: International Union Against Tuberculosis and Lung Disease.

27. Cattamanchi A, Davis JL, Worodria W, den Boon S, Yoo S, et al. (2009)

Sensitivity and specificity of fluorescence microscopy for diagnosing pulmonary
tuberculosis in a high HIV prevalence setting. Int J Tuberc Lung Dis 13: 1130–

1136.
28. Blakemore R, Story E, Helb D, Kop J, Banada P, et al. (2010) Evaluation of the

analytical performance of the Xpert MTB/RIF assay. J Clin Microbiol 48:
2495–2501.

29. World Health Organization, TB diagnostics and laboratory strengthening –

WHO policy, 2007, The use of liquid medium for culture and DST; Available:
http://www.who.int/tb/laboratory/policy_liquid_medium_for_culture_dst/

en/. Accessed 2014 Aug 1.
30. Dinnes J, Deeks J, Kunst H, Gibson A, Cummins E, et al. (2007) A systematic

review of rapid diagnostic tests for the detection of tuberculosis infection. Health

Technol Assess 11: 1–196.
31. Monkongdee P, McCarthy KD, Cain KP, Tasaneeyapan T, Nguyen HD, et al.

(2009) Yield of Acid-fast Smear and Mycobacterial Culture for Tuberculosis
Diagnosis in People with Human Immunodeficiency Virus American Journal of

Respiratory and Critical Care Medicine, vol. 180, no. 9, 903–908, 2009.
32. Chihota VN GA, Fielding K, Ndibongo B, van Zyl A, Muirhead D, et al. (2010)

Liquid vs. solid culture for tuberculosis: performance and cost in a resource-

constrained setting. Int J Tuberc Lung Dis 14: 1024–1031.
33. van Zyl-Smit RN, Binder A, Meldau R, Mishra H, Semple PL, et al. (2011)

Comparison of quantitative techniques including Xpert MTB/RIF to evaluate
mycobacterial burden. PLOS One 6: e28815.

34. Tiemersma EW, van der Werf MJ, Borgdorff MW, Williams BG, Nagelkerke

NJ. (2011) Natural history of tuberculosis: duration and fatality of untreated
pulmonary tuberculosis in HIV negative patients: a systematic review. PLOS

One 6: e17601.
35. Ssengooba W, Kiwanuka N, Kateete DP, Katamba A, Joloba ML (2012)

Incremental Yield of Serial Sputum Cultures for Diagnosis of Tuberculosis
among HIV Infected Smear Negative Pulmonary TB Suspects in Kampala,

Uganda. PLOS One 7: e37650.

36. Ramsay A, Yassin MA, Cambanis A, Hirao S, Almotawa A, et al. (2009) Front-
Loading Sputum Microscopy Services: An Opportunity to Optimise Smear-

Based Case Detection of Tuberculosis in High Prevalence Countries. Journal of
Tropical Medicine 2009.

37. McCarthy KD, Cain KP, Winthrop KL, Udomsantisuk N, Lan NT, et al. (2012)

Nontuberculous mycobacterial disease in patients with HIV in Southeast Asia.
Am J Respir Crit Care Med 185: 981–988.

38. Muchwa C, Akol J, Etwom A, Morgan K, Orikiriza P, et al. (2012) Evaluation of
Capilia TB assay for rapid identification of Mycobacterium tuberculosis complex

in BACTEC MGIT 960 and BACTEC 9120 blood cultures. BMC Research
Notes 5: 44.

Utility of Xpert MTB/RIF Assay in Various Combination Strategies

PLOS ONE | www.plosone.org 7 September 2014 | Volume 9 | Issue 9 | e107595


