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Abstract
Background
The existing World Health Organization diagnostic algorithms for smear-negative TB perform poorly in HIV-infected individuals. New TB diagnostics such as urine TB lipoarabinomannan (LAM) could improve the accuracy and reduce delays in TB diagnosis in HIVinfected smear-negative presumptive TB. We sought to determine predictors for MTB culture-positivity among these patients.
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Methods
This study was nested into a prospective evaluation of HIV-infected outpatients and inpatients clinically suspected to have TB who were screened by smear-microscopy on two spot
sputum samples. Data on socio-demographics, clinical symptoms, antiretroviral therapy,
CXR, CD4 count, mycobacterial sputum and blood cultures and TB-LAM were collected.
Logistic regression and conditional inference tree analysis were used to determine the most
predictive indicators for MTB culture-positivity.

Results
Of the 418 smear-negative participants [female, 64%; median age (IQR) 32 (28-39) years,
median CD4 106 (IQR 22 - 298) cells/mm3], 96/418 (23%) were sputum and/ or blood culture-positive for Mycobacterium tuberculosis (MTB) complex. Abnormal CXR (aOR 3.68,
95% CI 1.76- 7.71, p=0.001) and positive urine TB-LAM (aOR 6.21, 95% CI 3.14-12.27, p<
0.001) were significantly associated with MTB culture-positivity. Previous TB treatment

PLOS ONE | DOI:10.1371/journal.pone.0133756 July 29, 2015

1 / 13

MTB Culture-Positivity among HIV-Infected Smear-Negative Patients

David Hom, Administrative, Data & Operations
Center, TB Clinical Diagnostics Research
Consortium, Boston University Medical Center, 771
Albany Street, Boston, Tel: 617-414-45277, Fax: 617414-2875, Email: David.Hom@bmc.org.
Funding: LN is a PhD candidate funded by Medical
Education for Equitable Services to All Ugandans
(MESAU), a Medical Education Partnership Initiative
(MEPI) grant number 5R24TW008886 from the Office
of Global AIDS Coordinator and the U. S. Department
of Health and Human Services, Health Resources
and Services Administration and National Institutes of
Health. The study project was funded with federal
funds from the Division of Microbiology and Infectious
Diseases, National Institute of Allergy and Infectious
Diseases, National Institutes of Health, Department of
Health and Human Services, under contract
#HHSN2722000900050C, “TB Clinical Diagnostics
Research Consortium.” Additional support to YCM
was by the Johns Hopkins University Center for AIDS
Research (Grant Number 1P30AI094189 from the
National Institute of Allergy and Infectious Diseases).
The funders had no role in study design, data
collection and analysis, decision to publish, or
preparation of the manuscript.
Competing Interests: The authors have declared
that no competing interests exist.

(aOR 0.41, 95% CI 0.17-0.99, p=0.049) reduced the likelihood of a positive MTB culture. A
conditional inference tree analysis showed that positive urine TB-LAM and abnormal CXR
were the most predictive indicators of MTB culture-positivity. A combination of urine TBLAM test and CXR had sensitivity and specificity of 50% and 86.1% respectively overall,
and 70.8% and 84.1% respectively among those with CD4<100 cells/mm3.

Conclusions
A positive urine TB-LAM test and an abnormal CXR significantly predict MTB culture-positivity among smear-negative HIV-infected presumptive TB patients while previous TB treatment reduces the likelihood of a positive MTB culture. Validation studies to assess the
performance of diagnostic algorithms that include urine TB-LAM in the diagnosis of smearnegative TB in HIV-infected individuals are warranted.

Introduction
Tuberculosis (TB) is a major cause of death among HIV-infected patients [1–3]. Early diagnosis of TB is essential for prompt initiation of therapy to reduce TB-associated morbidity and
mortality as well as transmission. Despite the current wave of rapid molecular TB diagnostics,
sputum smear microscopy continues to be the most available and used TB diagnostic in many
SSA countries [4, 5]. Several studies in sub-Saharan Africa (SSA) have found an increased prevalence of sputum smear-negative TB in HIV-infected patients [6] which is associated with high
morbidity and mortality [7–10] as a consequence of delayed or missed diagnosis. This has
emphasized the need for more rapid, sensitive and affordable TB diagnostic tools. There are
few inexpensive and easy to use alternatives to sputum smear microscopy in resource limited
settings (RLS) [11–14]. Mycobacterium tuberculosis (MTB) culture, which is the gold standard
for diagnosis, is not widely available due to technical and biosafety requirements [12, 13], while
the use of molecular tests such as Xpert MTB/Rif test is limited by cost [15–17]. The WHO recommended diagnostic algorithms for smear-negative pulmonary TB (PTB) [18] are limited by
the poor diagnostic performance particularly in HIV-infected individuals [11, 19–22] and the
long duration required to establish a diagnosis (11 to 34 days) [23, 24], which poses risks of disease progression, transmission and loss to follow-up. Several validation studies have found
poor performance of the existing algorithms for smear-negative TB diagnosis especially in HIV
[19–22]. For instance, the sensitivity and specificity of the diagnostic algorithm for smear-negative PTB were 38.1% and 74.5% respectively in a Tanzania study [22] and 55% and 72.9%
respectively in Kenya [21]. In addition, several reports indicate that the guidelines are not
always followed by clinicians [11, 25]; with majority empirically initiating TB treatment. In
Botswana [25] for instance, laboratory delays and inability by patients to produce sputum were
cited as reasons for not following the guidelines. In our recent study [26], empirical TB treatment initiation resulted in over-treatment of HIV-infected patients. Strategies to improve the
diagnosis of smear-negative TB in HIV-infected individuals, particularly those that would
reduce laboratory delays or provide alternatives to sputum production in HIV are warranted.
The lateral flow urine determine TB lipoarabinomannan (LAM) antigen test (herein referred
to as urine TB-LAM test) is a new point of care antigen test which provides results within less
than an hour of sample collection and has been shown to perform best among HIV-infected
patients with advanced immune-suppression [27–29]. In addition, the TB-LAM test utilizes
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urine which is readily available and easy to collect in HIV-infected individuals. Urine TB-LAM
test has the potential to improve accuracy and to reduce delays associated with the current
smear-negative TB diagnostic algorithms but has not been evaluated as a possible predictor for
MTB culture-positivity among smear-negative HIV-infected presumptive TB patients.
We previously showed that in HIV-infected adults with CD4100, the urine TB-LAM tests
detected over half of culture-positive TB patients without need for equipment or reagents. Our
report considered HIV-infected adults with TB symptoms and/or signs irrespective of their
sputum-smear status [27]. In this study, we sought to determine the factors that could predict
MTB culture-positivity among smear-negative HIV-infected presumptive TB patients by
applying the urine TB-LAM test as a new point of care technology in TB diagnosis. The aim is
to develop strategies to improve the diagnosis of smear-negative TB in HIV-infected patients
and to reduce related diagnostic delays through possible application of the new technology in
the development of smear-negative TB diagnostic criteria in HIV-infected individuals.

Methods
Study design and setting
We performed secondary analysis of data collected from participants enrolled in a TB diagnostic accuracy study of the lateral flow TB-LAM test for the diagnosis of TB among HIV-infected
presumptive TB patients [27]. Participants for this study were recruited from the outpatient
adult Infectious Diseases Institute (IDI) Clinic [30] and the inpatient wards of the Mulago
National Referral Hospital, Kampala Uganda between January and November 2011.

Patient recruitment and study population
Patient recruitment has been described in detail previously [27]. In summary, HIV-infected
patients aged 18 years and clinically suspected to have active TB were recruited. A patient was
suspected to have active TB (presumptive TB) if he/she reported having at least one of the following symptoms: cough, fever, drenching night sweats or weight loss [3]. Patients were excluded if
they had taken anti-TB medication for more than two days within 60 days prior to enrolment.
At enrolment, participants were interviewed to obtain socio-demographic and medical information before study-specific specimens were collected. They provided two spot sputum samples
for direct fluorescence microscopy (FM) and Ziehl-Neelson (ZN) microscopy; mycobacterial
growth indicator tube (MGIT) and Lowenstein-Jensen (LJ) sputum cultures. Sputum induction
using 7% nebulized hypertonic saline was performed for participants who were unable to spontaneously expectorate sputum. Blood was collected from each participant for mycobacterial blood
cultures and to determine the CD4 cell count. Urine was collected for TB-LAM testing using a
lateral flow assay (TB-LAM Alere, Waltham, MA, USA). Chest X-ray was obtained for male participants and non-pregnant women. Participants were classified as sputum smear-negative if they
were smear-negative on both ZN and FM microscopy and these were considered for this analysis.
MTB culture-positives were MTB positive on any of the sputum or blood mycobacterial cultures.

Laboratory procedures
Details of the laboratory procedures for the TB tests including smear microscopy, sputum and
blood TB culture as well as urine TB-LAM test have been described [27]. In summary, for
urine TB-LAM test, 60 μl of urine was pipetted onto the sample pad. According to the manufacturer’s instructions, the strip was read 25 minutes later by two different technicians independently who compared the test strips with the reference card provided by the manufacturer and
graded the result from 1+ to 5+. A result was considered positive if the band was graded as 2
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+ or above. CD4 cell counts were performed at the College of American Pathologists (CAP)certified laboratory at the IDI [30].
All study TB laboratory results except for urine LAM which was an investigational test were
made available to the attending clinicians. Discharged participants were contacted by telephone
to deliver results and those whose TB tests were positive were requested to return for treatment.
Participants whose TB results were positive but could not be contacted by phone were visited
at their homes. MTB positive patients by smear and/or culture were immediately initiated on
TB treatment by the attending clinician according to Uganda Ministry of Health TB and Leprosy program guidelines [31].

Statistical analysis
Statistical analyses were performed using STATA (Stata Corp. STATA 12.0, college station,
Texas 77845 USA.) and R version 3.1.1 (the R Foundation for Statistical Computing 2014).
The primary outcome was MTB culture status (on blood and/or sputum TB cultures) of
sputum smear-negative HIV-infected presumptive TB participants, classified as positive or
negative. Continuous variables were summarized using medians and inter-quartile ranges
(IQR) while categorical variables were summarized using frequencies, percentages and proportions. Using Wilcoxon rank sum test for continuous variables and either chi-square test or
Fisher’s Exact test for categorical variables as appropriate, we compared the characteristics of
the study population by the strata of the primary outcome.
To identify predictors of MTB culture positivity among sputum smear-negative HIVinfected presumptive TB patients, bivariate and multivariate logistic regression models were
built and results presented as unadjusted and adjusted odds ratio (OR) with 95% confidence
intervals (95% CI). The modeling process involved selecting all factors from bivariate analysis
that had a p-value of  0.2 and those of known clinical significance for inclusion in the initial
multivariate logistic regression model. Using a systematic backward approach, non-significant
variables were removed from the model until no further variables were eligible for removal to
arrive at the final model. ART treatment and CD4 cell count were retained in the model at all
levels due to their clinical significance. A p-value of < 0.05 in the final model was considered
statistically significant. In order to determine the relative predictive power of the variables considered in the multivariable model, we fitted a conditional inference tree model [32, 33]. The
model included only the smear-negative participants with complete records. This model was
fitted using the ‘party’ package in R.

Ethical considerations
The study was approved by the Scientific Review Board of the Infectious Diseases Institute
(IDI), the Institutional Review Board (IRB) of the Joint Clinical Research Centre, Kampala,
Uganda and the Uganda National Council for Science and Technology. All participants provided written informed consent before participation in the study. All consent forms were
approved by the above mentioned ethics committees and IRBs.

Results
Baseline characteristics
Of the 501 HIV-infected presumptive TB patients who provided sputum samples for microscopy, 418 (83.4%) were sputum smear- negative and eligible for this analysis (Fig 1). Of the 418
sputum smear-negative participants, 69% (288/418) were inpatients, 64% (267/418) were female;
median age was 32 (IQR 28–39) years and median CD4 was 106 (IQR 22–298) cells/mm3.
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Fig 1. Participant flow diagram and MTB culture results distribution.
doi:10.1371/journal.pone.0133756.g001

Of the 418 sputum smear-negative participants, 96/418 (23%) were positive for MTB complex on blood and/or sputum TB cultures; of which, 55/96 (57.3% were MTB culture positive
on sputum alone, 35/96 (36.5%) were positive on both sputum and blood cultures while 6/96
(6.3%) were positive on blood culture alone. The median CD4 cell count was significantly
lower in the MTB culture-positive compared to the culture-negative participants [60 (IQR 14–
152) versus 127 (IQR 26–329) cells/mm3, p = 0.001 respectively]. Majority of the MTB culturepositives were inpatients (80%). A comparison of clinical and laboratory characteristics
between MTB culture-positive and negative participants is shown in Table 1.

Predictors of MTB culture-positive, smear-negative TB
Results of bivariate analysis are presented in Table 2. On multivariate logistic regression analysis (Table 2), presence of an abnormal CXR (aOR 3.68, 95% CI 1.76–7.71, p = 0.001) and a positive urine TB-LAM test (aOR 6.21, 95% CI 3.14–12.27, p< 0.001) were significantly associated
with MTB culture-positivity among smear-negative HIV-infected presumptive TB patients.
On the other hand, previous TB treatment (aOR 0.41, 95% CI 0.17–0.99, p = 0.049) reduced
the likelihood of a positive TB culture. The conditional inference tree model to determine the
ranking of the factors showed that the urine TB-LAM was the most predictive of MTB culture
positivity, followed by a CXR in this cohort of patients based on Bonferroni-adjusted p-values
(p<0.001 for urine TB-LAM and p = 0.004 for CXR). A plot of the fitted conditional inference
tree (Fig 2). From the model, of the 52 participants that were declared positive by the urine
TB-LAM test, 31(59.6%) were true MTB culture positives. Of the 329 participants that had
been declared negative by urine TB-LAM test, the CXR found an additional 12 true MTB culture positives.
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Table 1. Clinical and socio-demographic characteristics of smear-negative HIV- infected presumptive TB patients.
Characteristics

Total n = 418

Culture-negative n = 322

Culture-positive n = 96

P value

Gender: Female
Age (years): Median (IQR)

267 (63.9)

215 (66.8)

52 (54.2)

0.024

32 (28–39)

32 (28–39)

32 (28–38)

Inpatients

0.116

288 (68.9)

211 (65.5)

77 (80.2)

0.006

Median CD4 (IQR)

106 (22–298)

127 (26–329)

60 (14–152)

0.001

<50

158 (38.3)

114 (35.7)

44 (46.8)

0.002

50–99

43 (10.4)

29 (9.1)

14 (14.9)

0.003

100–199

70 (17.0)

51 (16.0)

19 (20.2)

0.008

200–350

61 (14.8)

52 (16.3)

9 (9.6)

0.378

>350

81 (19.6)

73 (22.9)

8 (8.5)

reference

* CD4 count, cells/μl (N = 413)

Treatment history
Previous TB

76 (18.2)

68 (21.1)

8 (8.3)

0.004

Not on ART treatment

261 (62.4)

193 (59.9)

68 (70.8)

0.053

Cotrimoxazole prophylaxis

390 (93.3)

302 (93.8)

88 (91.7)

0.465

**Cough duration in weeks (IQR)

4 [2–8)

4 [2–6)

4 [2–8)

0.204

*Drenching night sweats (N = 407)

303 (74.5)

224 (71.1)

79 (85.9)

0.004

*Anorexia (n = 404)

303 (75.0)

224 (71.3)

79 (87.8)

0.001

Fever

379 (90.7)

292 (90.7)

87 (90.6)

0.986

Weight (kg): Median (IQR)

50 (45–55)

50(44–56)

51(45–55)

0.944

*Abnormal CXR (N = 381)

43 (11.3)

22 (7.5)

21 (24.4)

0.000

*Positive urine TB-LAM (N = 417)

58(13.9)

22(6.9)

36(37.5)

0.000

Symptoms

Investigations

* means the number of variables is less than the total N = 418. These were missing data due to unrecorded data and unperformed study tests. CXR was
considered abnormal if the study clinician reported the CXR as highly suggestive of TB.
**means period for which the patient has had the current cough at the time of enrolment.
Abbreviations: TB, tuberculosis; ART, antiretroviral therapy; CXR, chest X-ray; LAM, lipoarabinomannan; IQR, inter-quartile range
doi:10.1371/journal.pone.0133756.t001

Accuracy of urine TB-LAM in the diagnosis of smear-negative–culture
positive TB in HIV
The accuracy values (Tables 3 and 4) for urine TB-LAM test were calculated using MTB culture
performed on blood and/or sputum specimens as the reference standard. The urine TB-LAM
test had a sensitivity and specificity of 37.5% and 93.1% respectively among all smear-negative
participants and 55.2% and 89.5% respectively among participants with CD4<100 cells/mm3.
A combination of urine TB-LAM test and CXR had sensitivity and specificity of 50% and
86.1% respectively overall, and 70.8% and 84.1% respectively among those with CD4<100
cells/mm3 (Table 3). The performance indices among the inpatient and the outpatient participants are shown in Table 4.

Discussion
Diagnosis of smear-negative TB in HIV-infected individuals is difficult and is often associated
with delays. New TB diagnostics techniques such as the urine TB-LAM antigen test have a
potential to improve accuracy and to reduce delays in smear-negative TB diagnosis in HIV.
We aimed to identify factors that could predict MTB culture-positivity among sputum smearnegative HIV-infected presumptive TB patients in a high prevalence TB/HIV setting and also
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Table 2. Logistic regression analysis for predictors of MTB culture-positive TB in sputum smear-negative HIV-infected presumptive TB**.
Characteristics

crude OR (95%CI)

Female gender

0.59(0.37–0.94)

Age per 5 year increase

0.91 (0.79–1.05)

Hospitalization

2.13 (1.23–3.70)

P-value

Adjusted OR (95%CI)

P-value

0.025

-

-

0.194

-

-

0.007

-

-

CD4(cells/μl); per 50 cells increase

0.87 (0.80–0.93)

0.000

0.93 (0.86–1.01)

0.070

Previous TB treatment

0.34 (0.16–0.73)

0.006

0.41 (0.17–0.99)

0.049

Not on ART treatment

1.62 (0.99–2.66)

0.054

1.39 (0.76–2.53)

0.284

Cotrimoxazole prophylaxis

.73 (0.31–1.71

0.467

-

-

Cough duration (weeks)

1.02 (0.99–1.06)

0.207

-

-

Weight (per kg increase)

1.00 (0.98–1.02)

0.944

-

-

Abnormal CXR

4.01 (2.08–7.73

0.000

3.68 (1.76–7.71)

0.001

Positive urine TB-LAM

8.15 (4.48–14.84

0.000

6.21 (3.14–12.27)

0.000

** N = 381 with complete records.
The model adjusted for CD4 cell count, previous TB treatment, antiretroviral therapy, CXR ﬁndings, ART therapy and urine TB-LAM test
Abbreviations: TB, tuberculosis; ART, antiretroviral therapy; CXR, chest X-ray; LAM, lipoarabinomannan; IQR, inter-quartile range; OR, odds ratio; CI,
conﬁdence intervals.
doi:10.1371/journal.pone.0133756.t002

assessed the accuracy of urine TB-LAM test in smear-negative TB diagnosis. In our cohort, the
prevalence of culture-positive TB was high at 23% of the smear-negative HIV-infected presumptive TB patients. The predictors for MTB culture-positivity among smear-negative HIVinfected patients were; positive urine TB-LAM and an abnormal CXR read as highly suggestive
of TB by a clinician. Previous TB treatment reduced the likelihood of finding a positive MTB
culture. Positive urine TB-LAM test followed by CXR were the most predictive combination
and would reduce the total number of CXRs that would have to be performed. CXR facilities
are not readily available in many lower level health facilities in RLS and where available, they
may not be affordable and maintenance is costly.
Similar to earlier reports from other sub-Saharan African studies [6, 34, 35], we found a
high prevalence of MTB culture-positive smear-negative TB among HIV-infected presumptive
TB patients and these MTB culture positive participants had immunologically advanced HIV
disease as shown by the low median CD4 cell counts obtained. HIV-infected patients with
advanced immunosuppression often have paucibacillary TB which reduces the sensitivity of
sputum smear microscopy, requiring TB diagnostic tests with higher sensitivity such as TB culture. Our study found that abnormal CXR was independently associated with a positive MTB
culture in smear-negative HIV-infected presumptive TB patients. This finding corroborates
with several earlier studies [20, 24, 36–39] that report CXR and other clinical symptoms as
important predictors for TB in sputum smear-negative presumptive TB patients. On the other
hand, several other studies [21, 22, 40, 41] have reported poor diagnostic performances of clinical and radiological characteristics in smear-negative TB diagnosis. The variation in performance could be due to the differences in the study settings and/or populations. Studies
performed among largely HIV-infected populations have reported poorer performances [21,
22, 40, 41] when compared with studies that included very few or no HIV-infected patients
[42, 43].
A positive urine TB-LAM test was another independent predictor for MTB culture-positivity among HIV-infected smear-negative participants in our study, with higher accuracy values
seen among participants with CD4<100 cells/mm3. Our findings are in agreement with earlier
reports that urine TB-LAM performs much better among HIV-infected individuals with
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Fig 2. A plot of a conditional inference tree showing the most predictive indictors for MTB culture-positivity. The model was fitted on the 381
participants with complete records.
doi:10.1371/journal.pone.0133756.g002

advanced HIV disease [27–29]. This could be explained in part by the fact that HIV-infected
presumptive TB patients who have negative sputum smears could have other forms of TB
including extra pulmonary and/or disseminated TB that is diagnosed by the urine TB-LAM
test. However, the sensitivity of urine TB-LAM increases at the expense of the specificity in
patients with CD4 <100 cell count. This could be due to other comorbidities mimicking TB
that could occur among patients with advanced HIV disease or that sputum and blood
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Table 3. Performance of the urine TB-LAM test in the diagnosis of smear-negative TB stratified by
CD4 cell count.
Overall accuracy
(95% CI)

Accuracy among patients with
CD4<100 (95% CI

Urine TB-LAM test

N = 417

N = 201

Sensitivity

37.5 (27.8–48.0)

55.2 (41.5–68.3)

Speciﬁcity

93.1 (89.8–95.7)

89.5 (83.3–94.0)

PPV

62.1 (48.4–74.5)

68.1 (52.9–80.9)

NPV

83.3 (79.0–87.0)

83.1 (76.2–88.7)

LR (positive)

5.47 (3.39–8.83)

5.26 (3.09–8.95)

LR (negative)

0.67 (0.57–0.79)

0.50 (0.37–0.67)

Combination of Urine TB-LAM test
and CXR

N = 381

N = 174

Sensitivity

50.0 (39.0–61.0)

70.8 (55.9–83.0)

Speciﬁcity

86.1 (81.6–89.8)

84.1 (76.6–90.0)

PPV

51.2 (40.0–62.3)

63.0 (48.7–75.7)

NPV

85.5 (81.0–89.3)

88.3 (81.2–93.5)

LR (positive)

3.60 (2.52–5.13)

4.46 (2.87–6.94)

LR (Negative)

0.58 (0.47–0.72)

0.35 (0.22–0.54)

Abbreviations: TB, tuberculosis; LAM, lipoarabinomannan; CXR, Chest X-ray; PPV, positive predictive
value; NPV, negative predictive value; LR, likelihood ratio
doi:10.1371/journal.pone.0133756.t003

mycobacterial cultures are an incomplete gold standard. A significant association was found
between previous TB treatment and MTB culture positivity on logistic regression, with previous TB being associated with reduced likelihood of MTB culture positivity. This highlights the
clinical issue of patients who have previously suffered from TB presenting with respiratory
symptoms (probably due to post-TB complications) who are often misdiagnosed as presumptive TB.
Our findings suggest that a combination of urine TB-LAM test followed by a CXR significantly improves the accuracy of TB diagnosis in smear-negative HIV-infected patients, especially when CD4 counts are < 100cells/mm3. Almost two thirds of MTB culture-positive smear
negative HIV-infected patients with CD4< 100cells/mm3 in our study were diagnosed by a
combination of urine TB-LAM and CXR with a high negative predictive value. Use of this proposed algorithm would reduce on the inaccuracy associated with empirical TB treatment initiation as often used in smear-negative HIV-infected individuals [26]. Information on whether
TB treatment initiation in HIV- infected patients with the proposed algorithm would improve
patients’ outcome or not would be important to guide its clinical application. Therefore, our
data provide rationale for future research on assessment of the impact of TB treatment initiation among HIV-infected patients with positive urine TB-LAM and abnormal CXR on
patients’ outcome.
Further, the application of the urine TB-LAM based algorithm suggested from our findings
would be limited to low-income settings where the highly accurate but costly molecular assays
are not readily available for use in TB diagnosis. In an earlier report [44], urine TB-LAM and
sputum Xpert MTB/Rif testing were complementary to each other and therefore, the algorithms may be useful in settings where use of Xpert MTB/Rif test is limited by cost and unavailability. In addition, the urine TB-LAM test does not identify multiple drug resistant (MDR) TB
strains, thus its use may be limited to settings where the prevalence of MDR is low, as is the
case in our study setting [45].
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Table 4. Performance of the urine TB-LAM test in the diagnosis of smear-negative TB among inpatients and outpatients stratified by CD4 cell
count.
Overall accuracy(95% CI)
Inpatients

outpatients

Accuracy among patients with CD4<100
(95% CI)
Inpatients

Outpatients

Urine TB-LAM

N = 287

N = 130

N = 169

N = 32

Sensitivity

39.0 (28.0–50.8)

31.6 (12.6–56.6)

54.2 (39.2–68.6)

60.0 (26.2–87.8)

Speciﬁcity

90.0 (85.1–93.7)

99.1 (95.1–100.0)

87.6 (80.4–92.9)

100.0 (84.6–100.0)

PPV

58.8 (44.2–72.4)

85.7 (42.1–99.6)

63.4 (46.9–77.9)

100.0 (54.1–100.0)

NPV

80.1 (74.4–85.0)

89.4 (82.6–94.3)

82.8 (75.1–88.9)

84.6 (65.1–95.6)

LR (positive)

3.90 (2.38–6.38)

35.05 (4.47–275.1)

4.37 (2.55–7.50)

N/A

LR (negative)

0.68 (0.56–0.82)

0.69 (0.51–0.94)

0.52 (0.38–0.72)

0.40 (0.19–0.85)

Combination of Urine TB-LAM and CXR

N = 256

N = 125

N = 144

N = 30

Sensitivity

52.9 (40.4–65.2)

38.9 (17.3–64.3)

71.8 (55.1–85.0)

66.7 (29.9–92.5)

Speciﬁcity

84.0 (78.0–89.0)

89.7 (82.3–94.8)

81.0 (72.1–88.0)

100.0 (83.9–100.0)

PPV

54.5 (41.8–66.9)

38.9 (17.3–64.3)

58.3 (43.2–72.4)

100.0 (54.1–100.0)

NPV

83.2 (77.1–88.2)

89.7 (82.3–94.8)

88.5 (80.4–94.1)

87.5 (67.6–97.3)

LR (positive)

3.32 (2.23–4.94)

3.78 (1.69–8.46)

3.77 (2.43–5.86)

N/A

LR (Negative)

0.56 (0.43–0.73)

0.68 (0.47–0.99)

0.35 (0.21–0.58)

0.33 (0.13–0.84)

Abbreviations: TB, tuberculosis; LAM, lipoarabinomannan; CXR, Chest X-ray; PPV, positive predictive value; NPV, negative predictive value; LR,
likelihood ratio
doi:10.1371/journal.pone.0133756.t004

Our study had some limitations. First, the mycobacterial blood and sputum cultures may
have failed to detect some participants with TB and some culture-negative patients could have
been misclassified as not TB. This may have underestimated the association between the predicting factors and TB disease in this population as well as the accuracy of the suggested algorithm. Secondly, we did not follow-up the MTB culture-negative participants to obtain
information on empirical TB treatment.
Despite these limitations, our study has important strengths. In order to accurately classify
participants as having TB or not, we performed both solid and liquid MTB cultures in addition
to TB blood cultures, making the findings more reliable and accurate. The classification of participants as smear-negative presumptive TB was based on both ZN and FM microscopy, also
making our study population definition and findings more accurate and reliable. Further, we
report findings from a population that includes both outpatients and inpatients making our
findings generalizable and relevant to most HIV/TB prevalent settings.
In conclusion, smear-negative culture-positive TB is common in this setting. Positive urine
TB-LAM test and abnormal CXR significantly predict MTB culture-positive TB among smearnegative HIV-infected presumptive TB patients while previous TB treatment reduces the likelihood of a positive MTB culture. Positive urine TB-LAM test followed by CXR are the two most
predictive factors for MTB culture positivity. Urine TB-LAM test may be applied in the development of diagnostic algorithms for smear-negative TB in HIV. We recommend validation
studies to assess the performance of diagnostic algorithms that include urine TB-LAM test in
the diagnosis of smear-negative TB in HIV-infected individuals.

Acknowledgments
The authors would like to thank the research team at the IDI, particularly John Mark Bwanika,
Allen Mukhwana, Allan Buzibye, Olive Mbabazi and Francis Kakooza and the

PLOS ONE | DOI:10.1371/journal.pone.0133756 July 29, 2015

10 / 13

MTB Culture-Positivity among HIV-Infected Smear-Negative Patients

Mycobacteriology (BSL-3) Laboratory of Makerere University for their important contributions to the implementation of this study. The authors gratefully acknowledge the study participants for their willingness to participate in the study.

Author Contributions
Conceived and designed the experiments: LN GL DN MLJ HMK SED YCM. Performed the
experiments: LN GL WS YCM. Analyzed the data: LN BN WS PBK BK HMK YCM. Contributed reagents/materials/analysis tools: LN YCM JJE SED. Wrote the paper: LN BN WS BK DN
GL PBK MLJ JJE SED HMK YCM.

References
1.

Corbett EL, Watt CJ, Walker N, Maher D, Williams BG, Raviglione MC, et al. The growing burden of
tuberculosis: global trends and interactions with the HIV epidemic. Arch Intern Med. 2003; 163
(9):1009–21. Epub 2003/05/14. doi: 10.1001/archinte.163.9.1009 163/9/1009 [pii]. PMID: 12742798.

2.

Harries AD, Hargreaves NJ, Kemp J, Jindani A, Enarson DA, Maher D, et al. Deaths from tuberculosis
in sub-Saharan African countries with a high prevalence of HIV-1. Lancet. 2001; 357(9267):1519–23.
Epub 2001/05/30. S0140-6736(00)04639-0 [pii] doi: 10.1016/S0140-6736(00)04639-0 PMID:
11377627.

3.

Trauner A, Borrell S, Reither K, Gagneux S. Evolution of drug resistance in tuberculosis: recent progress and implications for diagnosis and therapy. Drugs. 2014; 74(10):1063–72. doi: 10.1007/s40265014-0248-y PMID: 24962424; PubMed Central PMCID: PMC4078235.

4.

Steingart KR, Ng V, Henry M, Hopewell PC, Ramsay A, Cunningham J, et al. Sputum processing methods to improve the sensitivity of smear microscopy for tuberculosis: a systematic review. Lancet Infect
Dis. 2006; 6(10):664–74. Epub 2006/09/30. S1473-3099(06)70602-8 [pii] doi: 10.1016/S1473-3099
(06)70602-8 PMID: 17008175.

5.

Apers L, Wijarajah C, Mutsvangwa J, Chigara N, Mason P, van der Stuyft P. Accuracy of routine diagnosis of pulmonary tuberculosis in an area of high HIV prevalence. Int J Tuberc Lung Dis. 2004; 8
(8):945–51. Epub 2004/08/13. PMID: 15305475.

6.

Nunn PP, Elliott AM, McAdam KP. Tropical respiratory medicine. 2. Impact of human immunodeficiency
virus on tuberculosis in developing countries. Thorax. 1994; 49(5):511–8. Epub 1994/05/01. PMID:
8016777; PubMed Central PMCID: PMC474877

7.

Hargreaves NJ, Kadzakumanja O, Whitty CJ, Salaniponi FM, Harries AD, Squire SB. 'Smear-negative'
pulmonary tuberculosis in a DOTS programme: poor outcomes in an area of high HIV seroprevalence.
Int J Tuberc Lung Dis. 2001; 5(9):847–54. Epub 2001/09/28. PMID: 11573897.

8.

Henegar C, Behets F, Vanden Driessche K, Tabala M, Bahati E, Bola V, et al. Mortality among tuberculosis patients in the Democratic Republic of Congo. Int J Tuberc Lung Dis. 2012; 16(9):1199–204. Epub
2012/08/09. doi: 10.5588/ijtld.11.0613 PMID: 22871326.

9.

Macpherson P, Dimairo M, Bandason T, Zezai A, Munyati SS, Butterworth AE, et al. Risk factors for
mortality in smear-negative tuberculosis suspects: a cohort study in Harare, Zimbabwe. Int J Tuberc
Lung Dis. 2011; 15(10):1390–6. Epub 2012/01/31. doi: 10.5588/ijtld.11.0056 PMID: 22283900;
PubMed Central PMCID: PMC3272461.

10.

Banda H, Kang'ombe C, Harries AD, Nyangulu DS, Whitty CJ, Wirima JJ, et al. Mortality rates and
recurrent rates of tuberculosis in patients with smear-negative pulmonary tuberculosis and tuberculous
pleural effusion who have completed treatment. Int J Tuberc Lung Dis. 2000; 4(10):968–74. PMID:
11055765.

11.

Harries AD, Maher D, Nunn P. An approach to the problems of diagnosing and treating adult smearnegative pulmonary tuberculosis in high-HIV-prevalence settings in sub-Saharan Africa. Bull World
Health Organ. 1998; 76(6):651–62. Epub 1999/04/07. PMID: 10191561; PubMed Central PMCID:
PMC2312485.

12.

Getahun H, Harrington M, O'Brien R, Nunn P. Diagnosis of smear-negative pulmonary tuberculosis in
people with HIV infection or AIDS in resource-constrained settings: informing urgent policy changes.
Lancet. 2007; 369(9578):2042–9. Epub 2007/06/19. S0140-6736(07)60284-0 [pii] doi: 10.1016/S01406736(07)60284-0 PMID: 17574096.

13.

Colebunders R, Bastian I. A review of the diagnosis and treatment of smear-negative pulmonary tuberculosis. Int J Tuberc Lung Dis. 2000; 4(2):97–107. Epub 2000/02/29. PMID: 10694086.

14.

Nakiyingi L, Kateete DP, Ocama P, Worodria W, Sempa JB, Asiimwe BB, et al. Evaluation of in-house
PCR for diagnosis of smear-negative pulmonary tuberculosis in Kampala, Uganda. BMC Res Notes.

PLOS ONE | DOI:10.1371/journal.pone.0133756 July 29, 2015

11 / 13

MTB Culture-Positivity among HIV-Infected Smear-Negative Patients

2012; 5:487. Epub 2012/09/06. 1756-0500-5-487 [pii] doi: 10.1186/1756-0500-5-487 PMID: 22947399;
PubMed Central PMCID: PMC3497582.
15.

Vassall A, van Kampen S, Sohn H, Michael JS, John KR, den Boon S, et al. Rapid diagnosis of tuberculosis with the Xpert MTB/RIF assay in high burden countries: a cost-effectiveness analysis. PLoS Med.
2011; 8(11):e1001120. Epub 2011/11/17. doi: 10.1371/journal.pmed.1001120 [doi] PMEDICINE-D-1100805 [pii]. PMID: 22087078; PubMed Central PMCID: PMC3210757.

16.

Kirwan DE, Cardenas MK, Gilman RH. Rapid implementation of new TB diagnostic tests: is it too soon
for a global roll-out of Xpert MTB/RIF? Am J Trop Med Hyg. 2012; 87(2):197–201. Epub 2012/08/03.
87/2/197 [pii] doi: 10.4269/ajtmh.2012.12-0107 [doi]. PMID: 22855746; PubMed Central PMCID:
PMC3414551.

17.

Nakiyingi L, Nankabirwa H, Lamorde M. Tuberculosis diagnosis in resource-limited settings: Clinical
use of GeneXpert in the diagnosis of smear-negative PTB: a case report. African health sciences.
2013; 13(2):522–4. doi: 10.4314/ahs.v13i2.46 PMID: 24235959

18.

World Health Organisation: Improving the diagnosis and treatment of smear-negative pulmonary and
extra-pulmonary tuberculosis among adults and adolescents, Recommendations for HIV-prevalent and
resource-constrained settings, 13 March 2007, (WHO/HTM/HIV/2007.01). Available: http://www.who.
int/hiv/pub/tb/pulmonary/en.

19.

Siddiqi K, Lambert ML, Walley J. Clinical diagnosis of smear-negative pulmonary tuberculosis in lowincome countries: the current evidence. Lancet Infect Dis. 2003; 3(5):288–96. Epub 2003/05/03.
S1473309903006091 [pii]. PMID: 12726978.

20.

Padmapriyadarsini C, Tripathy S, Sekar L, Bhavani PK, Gaikwad N, Annadurai S, et al. Evaluation of a
diagnostic algorithm for sputum smear-negative pulmonary tuberculosis in HIV-infected adults. J Acquir
Immune Defic Syndr. 2013; 63(3):331–8. Epub 2013/04/20. doi: 10.1097/QAI.0b013e31829341af
PMID: 23599010.

21.

Huerga H, Varaine F, Okwaro E, Bastard M, Ardizzoni E, Sitienei J, et al. Performance of the 2007
WHO algorithm to diagnose smear-negative pulmonary tuberculosis in a HIV prevalent setting. PLoS
One. 2012; 7(12):e51336. PMID: 23284681. doi: 10.1371/journal.pone.0051336

22.

Swai HF, Mugusi FM, Mbwambo JK. Sputum smear negative pulmonary tuberculosis: sensitivity and
specificity of diagnostic algorithm. BMC Res Notes. 2011; 4(475):475. PMID: 22044882.

23.

Alamo ST, Kunutsor S, Walley J, Thoulass J, Evans M, Muchuro S, et al. Performance of the new WHO
diagnostic algorithm for smear-negative pulmonary tuberculosis in HIV prevalent settings: a multisite
study in Uganda. Tropical medicine & international health: TM & IH. 2012; 17(7):884–95. Epub 2012/
05/12. doi: 10.1111/j.1365-3156.2012.03003.x PMID: 22575012.

24.

Walley J, Kunutsor S, Evans M, Thoulass J, Katabira E, Muchuro S, et al. Validation in Uganda of the
new WHO diagnostic algorithm for smear-negative pulmonary tuberculosis in HIV prevalent settings. J
Acquir Immune Defic Syndr. 2011; 57(5):e93–100. Epub 2011/06/04. doi: 10.1097/QAI.
0b013e3182243a8c PMID: 21637111.

25.

Tafuma TA, Burnett RJ, Huis In 't Veld D. National guidelines not always followed when diagnosing
smear-negative pulmonary tuberculosis in patients with HIV in Botswana. PLoS One. 2014; 9(2):
e88654. Epub 2014/02/20. doi: 10.1371/journal.pone.0088654 [doi] PONE-D-13-40408 [pii]. PMID:
24551128; PubMed Central PMCID: PMC3925109.

26.

Nakiyingi L, Bwanika JM, Kirenga B, Nakanjako D, Katabira C, Lubega G, et al. Clinical predictors and
accuracy of empiric tuberculosis treatment among sputum smear-negative HIV-infected adult TB suspects in Uganda. PLoS One. 2013; 8(9):e74023. Epub 2013/09/17. doi: 10.1371/journal.pone.0074023
PONE-D-13-22052 [pii]. PMID: 24040151; PubMed Central PMCID: PMC3765314.

27.

Nakiyingi L, Moodley VM, Manabe YC, Nicol MP, Holshouser M, Armstrong DT, et al. Diagnostic accuracy of a rapid urine lipoarabinomannan test for tuberculosis in HIV-infected adults. J Acquir Immune
Defic Syndr. 2014; 66(3):270–9. Epub 2014/03/29. doi: 10.1097/QAI.0000000000000151 PMID:
24675585; PubMed Central PMCID: PMC4146703.

28.

Lawn SD, Kerkhoff AD, Vogt M, Wood R. Clinical significance of lipoarabinomannan detection in urine
using a low-cost point-of-care diagnostic assay for HIV-associated tuberculosis. AIDS. 2012; 26
(13):1635–43. Epub 2012/05/05. doi: 10.1097/QAD.0b013e3283553685 PMID: 22555166.

29.

Peter JG, Theron G, van Zyl-Smit R, Haripersad A, Mottay L, Kraus S, et al. Diagnostic accuracy of a
urine lipoarabinomannan strip-test for TB detection in HIV-infected hospitalised patients. Eur Respir J.
2012; 40(5):1211–20. Epub 2012/03/01. 09031936.00201711 [pii] doi: 10.1183/09031936.00201711
PMID: 22362849.

30.

Infectious Diseases Institute Annual report; Infectious Diseases Institute, College of Health sciences
Makerere University; Available: http://idi.mak.ac.ug. 2012.

31.

Thwaites G, Caws M, Chau TT, D'Sa A, Lan NT, Huyen MN, et al. Relationship between Mycobacterium tuberculosis genotype and the clinical phenotype of pulmonary and meningeal tuberculosis.

PLOS ONE | DOI:10.1371/journal.pone.0133756 July 29, 2015

12 / 13

MTB Culture-Positivity among HIV-Infected Smear-Negative Patients

Journal of clinical microbiology. 2008; 46(4):1363–8. Epub 2008/02/22. doi: 10.1128/JCM.02180-07
JCM.02180-07 [pii]. PMID: 18287322; PubMed Central PMCID: PMC2292951.
32.

van't Hoog AH, Cobelens F, Vassall A, van Kampen S, Dorman SE, Alland D, et al. Optimal triage test
characteristics to improve the cost-effectiveness of the Xpert MTB/RIF assay for TB diagnosis: a decision analysis. PloS one. 2013; 8(12):e82786. doi: 10.1371/journal.pone.0082786 PMID: 24367555;
PubMed Central PMCID: PMC3867409.

33.

Hothorn T, Hornik K, Zeileis A. Unbiased recursive partitioning: A conditional inference framework.
Journal of Computational and Graphical statistics. 2006; 15(3):651–74.

34.

Elliott AM, Namaambo K, Allen BW, Luo N, Hayes RJ, Pobee JO, et al. Negative sputum smear results
in HIV-positive patients with pulmonary tuberculosis in Lusaka, Zambia. Tuber Lung Dis. 1993; 74
(3):191–4. Epub 1993/06/01. 0962-8479(93)90010-U [pii] doi: 10.1016/0962-8479(93)90010-U PMID:
8369514.

35.

Raviglione MC, Harries AD, Msiska R, Wilkinson D, Nunn P. Tuberculosis and HIV: current status in
Africa. AIDS. 1997; 11 Suppl B:S115–23. Epub 1997/01/01. PMID: 9416373.

36.

Tamhane A, Chheng P, Dobbs T, Mak S, Sar B, Kimerling ME. Predictors of smear-negative pulmonary
tuberculosis in HIV-infected patients, Battambang, Cambodia. Int J Tuberc Lung Dis. 2009; 13(3):347–
54. Epub 2009/03/12. PMID: 19275795.

37.

Bakari M, Arbeit RD, Mtei L, Lyimo J, Waddell R, Matee M, et al. Basis for treatment of tuberculosis
among HIV-infected patients in Tanzania: the role of chest x-ray and sputum culture. BMC Infect Dis.
2008; 8:32. Epub 2008/03/08. 1471-2334-8-32 [pii] doi: 10.1186/1471-2334-8-32 PMID: 18325120;
PubMed Central PMCID: PMC2323005.

38.

den Boon S, White NW, van Lill SW, Borgdorff MW, Verver S, Lombard CJ, et al. An evaluation of
symptom and chest radiographic screening in tuberculosis prevalence surveys. Int J Tuberc Lung Dis.
2006; 10(8):876–82. Epub 2006/08/11. PMID: 16898372.

39.

Kanaya AM, Glidden DV, Chambers HF. Identifying pulmonary tuberculosis in patients with negative
sputum smear results. Chest. 2001; 120(2):349–55. Epub 2001/08/15. PMID: 11502628.

40.

Davis JL, Worodria W, Kisembo H, Metcalfe JZ, Cattamanchi A, Kawooya M, et al. Clinical and radiographic factors do not accurately diagnose smear-negative tuberculosis in HIV-infected inpatients in
Uganda: a cross-sectional study. PLoS One. 2010; 5(3):e9859. Epub 2010/04/03. doi: 10.1371/journal.
pone.0009859 PMID: 20361038; PubMed Central PMCID: PMC2845634.

41.

Wilson D, Mbhele L, Badri M, Morroni C, Nachega J, Chaisson RE, et al. Evaluation of the World Health
Organization algorithm for the diagnosis of HIV-associated sputum smear-negative tuberculosis. Int J
Tuberc Lung Dis. 2011; 15(7):919–24. PMID: 21682965. doi: 10.5588/ijtld.10.0440

42.

Li XX, Jiang SW, Zhang H, Jing KH, Wang L, Li WB, et al. Clinical and radiographic predictors in diagnosing sputum smear-negative pulmonary tuberculosis in HIV-negative patients: a cross-sectional
study in China. Chin Med J (Engl). 2013; 126(19):3662–7. Epub 2013/10/12. PMID: 24112160.

43.

Bah B, Massari V, Sow O, Siriwardana M, Camara LM, Larouze B, et al. Useful clues to the presence of
smear-negative pulmonary tuberculosis in a West African city. Int J Tuberc Lung Dis. 2002; 6(7):592–8.
PMID: 12102298.

44.

Shah M, Ssengooba W, Armstrong D, Nakiyingi L, Holshouser M, Ellner JJ, et al. Comparative performance of urinary lipoarabinomannan assays and Xpert MTB/RIF in HIV-infected individuals. AIDS.
2014; 28(9):1307–14. Epub 2014/03/19. doi: 10.1097/QAD.0000000000000264 PMID: 24637544;
PubMed Central PMCID: PMC4074867.

45.

Orikiriza P, Tibenderana B, Siedner MJ, Mueller Y, Byarugaba F, Moore CC, et al. Low resistance to
first and second line anti-tuberculosis drugs among treatment naive pulmonary tuberculosis patients in
southwestern Uganda. PLoS One. 2015; 10(2):e0118191. Epub 2015/02/07. doi: 10.1371/journal.
pone.0118191 PMID: 25658921; PubMed Central PMCID: PMC4320102.

PLOS ONE | DOI:10.1371/journal.pone.0133756 July 29, 2015

13 / 13

