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Objectives
The aim of the study was to clarify how HIV infection affects tuberculosis liquid and solid culture
results in a resource-limited setting.

Methods

We used baseline data from the Study on Outcomes Related to Tuberculosis and HIV Drug
Concentrations in Uganda (SOUTH), which included 268 HIV/tuberculosis (TB)-coinfected
individuals. Culture results from Lowenstein—Jensen (LJ) solid culture and mycobacteria growth
indicator tube (MGIT) liquid culture systems and culture-based correlates for bacillary density from
the sputum of HIV/TB-coinfected individuals at baseline were analysed.

Results

Of 268 participants, 243 had a CD4 cell count available and were included in this analysis; 72.2%
of cultures showed growth on solid culture and 82.2% in liquid culture systems (P < 0.015). A
higher CD4 cell count was predictive of LJ positivity [adjusted odds ratio (OR) 1.14; 95%
confidence interval (CI) 1.03-1.25 per 50 cells/uL increase; P = 0.008]. The same, but insignificant
trend was observed for MGIT positivity (adjusted OR 1.09; 95% CI 0.99-1.211 per 50 cells/uL
increase; P = 0.094). A higher CD4 cell count was associated with a higher LJ colony-forming unit
grade (adjusted OR 1.14; 95% CI 1.05-1.25 per 50 cells/uL increase; P = 0.011) and a shorter time
to MGIT positivity [adjusted hazard ratio (HR) 1.08; 95% CI 1.04—1.12 per 50 cells/uL increase;

P < 0.001].

Conclusions

In a resource-limited setting, the MGIT liquid culture system outperformed LJ solid culture in
terms of culture yield and dependence on CD4 cell counts in HIV/TB-coinfected individuals. We
therefore suggest considering an adaptation of diagnostic algorithms: when resources allow only
one culture method to be performed, we recommend that MGIT liquid culture should be used
exclusively in HIV-positive individuals as a first-line culture method, to reduce costs and make TB
culture results accessible to more patients in resource-limited settings.
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Introduction

HIV and tuberculosis (TB) coinfection is a major driving
force of the global TB epidemic and has led to several
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immunosuppression [1,2]. A number of studies have
shown that HIV coinfection leads to a reduced cellular
immune response and consequentially to a change in pul-
monary immunopathology, and more disseminated and
less focally controlled disease [3-5].

Traditionally, acid-fast bacilli (AFB) sputum smear
microscopy has been the initial diagnostic tool for more
than 100 years, and it is still widely used in resource-
limited settings (RLSs) [1]. AFB sputum smear micro-
scopy, however, is a suboptimal test in the diagnosis of
PTB, as it has low sensitivity, especially in HIV-positive
individuals [6-8]. In recent years, the World Health Orga-
nization (WHO) has endorsed the use of the Xpert MTB/
RIF (Cepheid, Sunnyvale, CA, USA) molecular test as an
initial diagnostic tool for detection of TB in HIV-positive
patients [9]. However, this novel diagnostic tool is not
able to substitute for Mycobacterium tuberculosis (MTB)
culture entirely, as it provides only information about
rifampicin susceptibility and cannot be used for treatment
monitoring [10]. Culture-based methods remain the gold
standard in the diagnosis of TB, drug susceptibility test-
ing (DST) and treatment monitoring [1].

It has been shown that HIV coinfection and decreasing
CD4 cell counts not only render TB diagnosis more diffi-
cult, but also increase the likelihood of more severe and
disseminated disease [2,11]. Therefore, it is of utmost
importance to better understand the impact of decreasing
CD4 cell counts on the diagnostic gold standard. In this
study, we aimed to clarify if there is an association
between CD4 cell count and Lowenstein—Jensen (LJ) and
mycobacterial growth indicator tube (MGIT) culture
results.

Methods
Patients

Patients were enrolled in the Study on Outcomes Related
to Tuberculosis and HIV Drug Concentrations in Uganda
(SOUTH) (clinicaltrials.gov NCT01782950). Details of the
study have been described elsewhere [12]. This was a sin-
gle-centre prospective observational study in HIV/TB-
coinfected individuals exploring the correlation between
TB treatment outcomes and anti-TB drug exposure. The
study was conducted in a large HIV-infected out-patient
clinic with an integrated HIV-TB clinic at the Infectious
Disease Institute at the Makerere University College of
Health Sciences in Kampala, Uganda between 2013 and
2015.

The inclusion criteria of SOUTH were: confirmed HIV
infection, age > 18 years and having newly diagnosed
PTB, either clinically diagnosed or confirmed by a
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positive sputum AFB smear, Xpert MTB/RIF assay or cul-
ture. Approval was given by the Joint Clinical Research
Centre Ethical Committee, the Uganda National Council
of Science and Technology and the National Drug
Authority. Written informed consent was obtained from
all participants.

Microbiological investigations

Microbiological investigations in SOUTH were performed
by the mycobacteriology laboratory in the Department of
Medical Microbiology of Makerere University in Kampala.
Standard procedures were performed for mycobacterial
culture and smear microscopy [13].

For sputum culture, two systems were used: LJ solid
medium and MGIT liquid culture (BACTEC MGIT 960;
Becton Dickinson, Franklin Lakes, NJ, USA). The
mycobacterial colony count was performed manually
according to WHO criteria using the LJ solid medium.
However, in July 2014, WHO changed the LJ culture
grading guidelines. To compare the two grading systems,
we merged the groups according to WHO laboratory
report stratification (Appendix 1).

Cultures on LJ solid medium were incubated at 37°C
for up to 8 weeks in an incubator (Thermo Scientific
Forma Reach CO, Incubator; Thermo Fisher Scientific,
Waltham, MA, USA) and MGIT cultures were incubated
for up to 6 weeks in a dedicated Becton Dickinson,
Franklin Lakes, NJ, USA system. Cultures that showed
growth were subcultured on sheep blood agar (BD) to
exclude contamination and a Ziehl-Neelsen smear was
microscopically examined. Specimens that tested positive
for AFB had Capillia Neo TB™ (TAUN, Numazu, Japan)
testing performed. Capillia-positive specimens were cate-
gorized as MTB and Capillia-negative specimens were
categorized as non-tuberculous mycobacteria (NTM).
AFB-negative specimens that showed growth on blood
agar were classified as contaminated (with organisms
other than mycobacteria) and those without growth in LJ
medium or MGIT were classified as negative. For MGIT,
we recorded culture status and days to positivity (DTP).

Statistical analysis

Demographic factors (age and sex), body mass index
(BMI), antiretroviral therapy (ART) status (not on ART
and on ART at baseline) and MTB microbiological find-
ings (LJ and MGIT culture results) at baseline were
described and stratified by CD4 count. LJ and MGIT posi-
tivity were compared in a 2 x 2 contingency table using
a x* test. The CD4 cell counts were categorized as < 200,
200-350 and > 350 cells/uL and treated as a continuous
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variable (per 50 cells/uL increase). Pearson’s y* tests or
Fisher's exact tests were used to compare categorical
variables, while analysis of variance and Kruskall-Wallis
tests were used to compare normally distributed variables
and nonnormally distributed variables across CD4 cell
count strata.

Logistic regression adjusted for age, gender, BMI and
ART status (not on ART ws. on ART) was used to deter-
mine whether CD4 cell count was predictive of culture
positivity using LJ and MGIT culture systems. Ordered
logistic regression was used to determine whether CD4
cell count was predictive of LJ culture grade. The propor-
tional odds assumption of the ordered logistic regression
was checked by comparing it with the multinomial logis-
tic regression using Akaike information criteria (AIC).
Time to positivity (TTP) in the MGIT culture system was
analysed using time-to-event analysis (Kaplan—Meier
curves and Cox proportional hazards regression). Culture
time in MGIT was measured up to 42 days and negative
cultures were censored at 42 + 1 days.

The analysis was performed using stata version 13.0
(StataCorp LCC, College Station, TX, USA).

Results

A total of 268 TB/HIV-coinfected patients were identified
and recruited within SOUTH. We included 243 individuals
who had a CD4 cell count result and LJ or MGIT

available in this analysis. Baseline characteristics of
included individuals are described in Table 1 and patient
selection is illustrated in Figure 1.

Of the 243 individuals included in this study, 214
(88%) had results for both LJ and MGIT available at the
same time and were directly compared regarding culture
conversion to positivity (Appendix 2). One hundred and
fifty (72.4%) individuals had positive LJ and MGIT
results, one (0.5%) exclusively showed growth in the LJ
culture system and 22 (10.3%) showed growth exclusively
in MGIT. Thirty-six (16.8%) specimens were negative in
both the LJ and MGIT culture methods. MGIT showed a
higher yield per patient (0.83) when compared with LJ
(0.73) (P < 0.015; Appendix 2). Contamination occurred
in five (2.28%) of the 219 specimens for each culture
method.

Higher CD4 cell count category was associated with
higher odds of LJ positivity and higher colony-forming
unit (CFU) grade, with 3+ being considered the highest
CFU grade (P-values for the test of lack of linear trend
were 0.89 and 0.80, respectively). Patients with CD4
counts of 200-350 and > 350 cells/uL were 2.4 times [ad-
justed odds ratio (AOR) 2.44; 95% confidence interval (CI)
1.12-5.32; P = 0.025) and 3.5 times (AOR 3.52; 95% CI
1.54-8.03; P = 0.002), respectively, more likely to have a
higher grade CFU count when compared with patients
with CD4 counts < 200 cells/uL, after adjusting for BMI,
age, sex and ART status. Similarly, when considering CD4

Table 1 Participants' (n = 243) baseline characteristics at tuberculosis (TB) diagnosis by CD4 count

CD4 count (cells/uL) strata

Characteristic Overall < 200 (n = 144; 59.3%) 200-350 (n = 53; 21.8%) > 350 (n = 46; 18.9%) P-value*™*
Gender, male [n (%)] 147 (60.5) 90 (62.5) 31 (58.5) 26 (56.5) 0.728
Age (years) [mean (SD)] 34 (8) 33 (8) 34 (8) 35 (9) 0.657
Not on ART [n (%)] 196 (80.7) 123 (85.4) 39 (73.6) 34 (73.9) 0.077
BMI (kg/mz] [median (|QR)]T 19.2 (17.5-21.1) 18.8 (17.3-20.7) 19.2 (17.7-20.9) 19.4 (18.2-22.3) 0.066
BMI < 18.5 [n (%)] 96 (39.8) 61 (43.0) 23 (43.4) 12 (26.1) 0.106
BMI > 18.5 [n (%)] 145 (60.2) 81 (57.0) 30 (56.6) 34 (73.9)
U results [n (%)] 219 (90.1) 124 (56.6) 49 (22.4) 46 (21)
Positive [n (%)] 158 (72.2) 83 (66.9) 37 (75.5) 38 (82.6) 0.108
LJ CFU grade [n (%)]
0+ 16 (10.1) 15 (17.9) 1(2.7) 0 (0.0) 0.015
1+ 34 (21.5) 20 (23.8) 8 (21.6) 6 (16.2)
2+ 18 (11.4) 10 (11.9) 4(10.8) 4(10.8)
3+ 90 (57.0) 39 (46.4) 24 (64.9) 27 (73.0)
MGIT results [n (%)] 219 (90.1) 124 (56.6) 49 (22.4) 46 (21)
Positive [n (%0)] 180 (82.2) 100 (80.6) 41 (83.7) 39 (84.8) 0.784
TTP (days) [median (IQR)] 9 (5-17) 1 (7-19) 9 (6-15) 8 (5-12) 0.031

A = Fisher's exact test when expected cell count is < 5 cells/puL.

ART, antiretroviral therapy; BMI, body mass index; CFU, colony-forming units; 1QR, interquartile range; U, Lowenstein—Jensen solid culture; MGIT,
mgcobacteria growth indicator tube liquid culture; SD, standard deviation; TTP, time to positivity.

*x~ P-values comparing CD4 count strata.

fNumbers of patients: overall, 241; < 200 cells/mL, 142; 200350 cells/ul, 53; > 350 cells/uL, 46. The P-value for BMI was obtained from a Kruskall—

Wallis test.
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n =268
Enrolled in the SOUTH

n=25
Did not have CD4 count and LJ
or MGIT available

n=243

Included in the analysis:
Had CD4 cell count and either
LJ or MGIT culture available

h 4

l

n =219 had LJ culture results
available

n =219 had MGIT culture
results available

n = 214 had results for both
LJ and MGIT at the same

I
L 4

time

n =218 had LJ culture results
and all baseline
characteristics available

n =218 had MGIT culture
results and all baseline
characteristics available

!

n = 158 had positive LJ
culture results

I
v

n =157 had LJ CFU grades
available

Fig. 1 Patient selection flow chart. CFU, colony-forming units; U, Lowenstein—Jensen solid culture; MGIT, mycobacteria growth indicator tube
liquid culture; SOUTH, Study on Outcomes Related to Tuberculosis and HIV Drug Concentrations in Uganda.

count as a continuous variable, we found a higher CD4
count to be predictive of LJ positivity [OR 1.14 (95% CI
1.03-1.25) per 50 cells/uL increase; P = 0.008] and higher
colony grading [OR 1.14 (95% CI 1.05-1.25) per 50 cells/
uL increase; P = 0.011] (Appendices 3 and 4).

When looking at predictive factors of MGIT culture pos-
itivity and TTP, respectively, after adjusting for gender,
age, BMI and ART status, we did not find any significant
association between CD4 count and MGIT culture positiv-
ity. When considering CD4 count as a continuous vari-
able, we did not find any significant association between
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CD4 count and MGIT positivity [OR 1.09 (95% CI 0.99—
1.211) per 50 cells/uL increase; P = 0.094], but a higher
CD4 cell count was associated with a shorter time to MGIT
positivity (hazard ratio 1.08; 95% CI 1.04-1.12;
P < 0.001) (Appendices 5 and 6).

Discussion

This study is one of few studies to compare LJ solid and
MGIT liquid culture in HIV/TB-coinfected individuals. We
demonstrated [1] significantly lower yield of LJ culture
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compared with MGIT, [2] an association between CD4
count and LJ culture positivity, and [3] that higher CD4
cell count was associated with higher LJ CFU grade and
shorter MGIT TTP.

When we compared LJ solid culture to MGIT liquid
culture, we were able to reproduce findings from previous
studies showing lower yield of LJ solid culture, when
compared with MGIT liquid culture [14,15].

Culture positivity only showed a significant association
with CD4 cell count in LJ solid culture, with higher CD4
cell count being associated with higher culture positivity.
This may be attributed to the reduced pulmonary
immunopathology as a result of HIV-related immunosup-
pression which leads to fewer culturable bacilli being
released to the airways [4,16]. Consequentially, this
observation potentially reflects a higher detection thresh-
old for LJ solid culture when compared with MGIT liquid
culture. This association was not significant for MGIT lig-
uid culture, although we observed the same trend. The
margin between the two methods tended to be minor
(AOR 1.14 vs. 1.09).

Additionally, we observed that higher CD4 cell count
was associated with higher LJ CFU grade and shorter
MGIT TTP. A South African study analysing the pre-
treatment composition of sputa made a similar observa-
tion: lower CD4 cell counts resulted in fewer routinely
culturable MTB [17]; the study also observed that, com-
pared with HIV-negative patients, HIV-positive patients
harboured fewer differentially culturable MTB, which
are responsive to the addition of resuscitation-promot-
ing factors to liquid culture systems in order to
enhance growth. Differences were also observed among
the HIV-positive population, with lower differentially
culturable MTB in patients with lower CD4 count, sug-
gesting that reduced host immunity is associated with a
lower prevalence of bacteria, which are responsive to
resuscitation-promoting factors.

Contrary to our findings, a study investigating MTB
load in the pleural tissue or granulomas of HIV/TB-coin-
fected individuals found an increased abundance of MTB
with decreasing CD4 cell count [18]. This could be
because LJ CFU grades and MGIT TTP from sputa samples
in conventional culture methods do not entirely represent
the bacillary load in the pulmonary tissue of coinfected
patients.

© 2018 British HIV Association

Contamination has been reported to be a main limita-
tion in the use of MGIT culture, with rates as low as
5.5% in high-income settings [14] and as high as 29.6%
in RLSs [19]. We found low contamination rates of 2.3%
for both LJ and MGIT, respectively. The reason for this
low contamination rate is unclear, but it may be
explained by the proximity of the mycobacterial labora-
tory and HIV clinic, which was likely to have led to a
short specimen-processing time. A long specimen-proces-
sing time has been associated with higher contamination
rates [20]. Additional limitations of MGIT compared with
LJ include higher costs per additional TB case detected
when compared with LJ in a clinical setting [15]. How-
ever, based on our data showing superiority of MGIT, the
diagnostic laboratory procedure for TB could be stream-
lined, emphasizing MGIT. This approach might be cost-
effective as it helps to identify TB cases more reliably
and hence lower the burden and costs of TB on a public
health level. Furthermore, Increased use of MGIT could
be a good argument to negotiate for lower prices, espe-
cially in RLSs.

The study had some limitations. The reference standard
for PTB diagnosis in this study was positive sputum AFB
smear, Xpert MTB/RIF assay, culture or clinical diagnosis
alone. Therefore, it is possible that patients who did not
have TB were included. This could have lead to an under-
estimation of sensitivity and the analysis of relationship
between CD4 cell count and culture positivity, as patients
with lower CD4 counts may have been more likely to
have other opportunistic infections that were clinically
misdiagnosed as TB.

Conclusions

We were able to demonstrate the superiority of MGIT
liquid culture when compared with LJ solid culture in
an HIV/TB-coinfected population in an RLS. The MGIT
liquid culture system showed a higher yield when com-
pared with LJ solid culture and was, in contrast to LJ
solid culture, not significantly affected by CD4 cell
count with regard to culture positivity. When resources
allow only one culture method to be performed, we
therefore suggest an adaptation of the diagnostic algo-
rithm to include only MGIT liquid culture, especially in
those individuals with known low CD4 cell counts.
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Appendix 1: Lowenstein—Jensen (UJ) solid
medium culture colony-forming unit (CFU)
grading

WHO grade Before 31 July 2014 After 31 July 2014
0+ 1-49 U colonies 1-9 U colonies

1+ 50-100 U colonies 10-100 U colonies
2+ 101-200 U colonies 101-200 U colonies
3+ > 200 U colonies > 200 U colonies

Appendix 2: Cross-tabulation of the
culture recovery for Lowenstein—Jensen
(UJ) solid culture and mycobacteria
growth indicator tube (MGIT) liquid
culture (n = 214)

MGIT results
Negative Positive Total
U results
Negative 36 22 58
Positive 1 155 156
Total 37 177 214

Pearson x*: P = 0.015.

Appendix 3: Unadjusted and adjusted
odds ratios (ORs) and 95% confidence
intervals (Cls) for predictive factors of
Lowenstein—Jensen (LJ) culture
positivity using logistic regression
(n=218)*

Unadjusted Adjusted

Variable OR (95% ClI) P-value OR (95% CI) P-value
Sex

Female Reference Reference

Male 1.05 (0.58-1.91)  0.870 1.07 (0.57-2.03) 0.825
Age

< 34 years Reference Reference

> 34 years 0.63 (0.35-1.15)  0.130 0.73 (0.38-1.37) 0.324
BMI

<185 kg/mZ Reference Reference

> 185 kg/m2 1.53 (0.84-2.79) 0.165 1.43 (0.76-2.71)  0.270
ART status at baseline

On ART Reference Reference

Not on ART 3.34 (1.64-6.81)  0.001 3.75 (1.74-8.07)  0.001

CD4 count strata
< 200 cells/uL
200-350 cells/ul
> 350 cells/uL
CD4 count increase
by 50 cells/uL

Reference

1.79 (0.81-3.93)  0.147
2.86 (1.15-7.11)  0.023
1.14 (1.03-1.25)  0.008

Reference

1.54 (0.73-3.27)  0.259
2.38 (1.02-5.55)  0.046
1.01 (1.01-1.20) 0.014

ART, antiretroviral therapy; BMI, body mass index.
*n = 218, because of adjusting: missing BMI value for one of the 219 U
culture specimens.
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Appendix 4: Unadjusted and adjusted odds
ratios (ORs) and their 95% confidence
intervals (Cls) for predictive factors of
higher colony counts [colony-forming unit
(CFU) grades] using ordinal logistic
regression (n = 157)*

Unadjusted Adjusted OR
OR (95% Cl) P-value (95% ClI) P-value
Sex
Female Reference Reference
Male 0.88 (0.47-1.64) 0.688 0.94 (0.50-1.78) 0.848
Age group
< 34 years Reference Reference
> 34 years 1.07 (0.58-1.98) 0.831 1.03 (0.54-1.95) 0.324
BMI
<185 kg/m2 Reference Reference
> 185 kg/m2 1.36 (0.73-2.54)  0.337 1.32 (0.69-2.51)  0.402
ART status at baseline
On ART Reference Reference
Not on ART 0.64 (0.25-1.65)  0.354 0.71 (0.26-1.91)  0.497

CD4 count strata
< 200 cells/ulL Reference
200-350 cells/ul  2.45 (1.14-5.30)  0.022
> 350 cells/uL 3.66 (1.61-8.32)  0.002
CD4 count increase  1.14 (1.05-1.24) 0.002
by 50 cells/uL

Reference

2.44 (1.12-532) 0.025
3.52 (1.54-8.03) 0.003
1.14 (1.05-1.25) 0.011

ART, antiretroviral therapy; BMI, body mass index; CFU, colony-forming
units; U, Lowenstein-Jensen solid culture.

*n = 157, because of adjusting: missing LU CFU value for one of 158
positive L culture specimens.

Appendix 5: Unadjusted and adjusted odds
ratios (ORs) and their 95% confidence inter-
vals (Cls) for predictive factors of mycobac-
teria growth indicator tube (MGIT) culture
positivity using logistic regression (n = 218)*

Unadjusted OR Adjusted OR

Variable (95% ClI) P-value (95% Cl) P-value
Sex

Female Reference Reference

Male 1.12 (0.56-2.26) 0.747 1.13 (0.54-2.34)  0.745
Age groups

< 34 years Reference Reference

> 34 years 0.64 (0.32-1.28) 0.207 0.73 (0.35-1.52)  0.324
BMI

< 18.5 kg/m? Reference Reference

> 185 kg/m2 1.14 (0.56-2.30) 0.724 1.13 (0.54-2.37)  0.749
ART status at baseline

On ART Reference Reference

Not on ART 3.62 (1.65-7.91) 0.001 3.75 (1.66-8.49)  0.002

CD4 count strata
< 200 cells/uL Reference
200-350 cells/ul  1.24 (0.52-3.00) 0.628
> 350 cells/ulL 1.35 (0.54-3.39) 0.522
CD4 count increase  1.06 (0.97-1.16) 0.217
by 50 cells/ulL

Reference

1.46 (0.58-3.63)  0.421
1.68 (0.63-4.47)  0.299
1.09 (0.99-1.211)  0.094

ART, antiretroviral therapy; BMI, body mass index; MGIT, mycobacteria
growth indicator tube liquid culture.

*n = 218, because of adjusting: missing BMI value for one of the 219 U
culture specimens.

HIV Medicine (2018), 19, 654—661



660 J Hongler et al.

Appendix 6: Unadjusted and adjusted
hazard ratios (HRs) and their confidence
intervals (Cls) for predictive factors of
mycobacteria growth indicator tube
(MGIT) culture time to culture

positivity using Cox regression models
(n=218)*

Adjusted
Unadjusted HR
HR (95% CI) P-value (95% CI) P-value
Sex
Female Reference Reference
Male 1.10 (0.82-1.48) 0.525 1.12 (0.83-1.52) 0.452
Age groups
< 34 years Reference Reference
> 34 years 0.85 (0.63-1.14) 0.281 0.87 (0.64-1.18) 0.650
BMI
<185 kg/m2 Reference Reference
> 185 kg/m2 1.07 (0.79-1.45) 0.653  1.03 (0.76-1.40) 0.749
ART status at baseline
On ART Reference Reference
Not on ART 1.56 (1.01-2.41) 0.043  1.73 (1.10-2.70) 0.017
CD4 count strata
< 200 cells/uL Reference Reference
200-350 cells/ul  1.19 (0.83-1.72) 0.340 1.24 (0.86-1.79) 0.244
> 350 cells/uL 1.45 (1.00-2.11) 0.048 1.63 (1.11-2.40) 0.013
CD4 count increase  1.07 (1.03-1.10) < 0.001 1.08 (1.04-1.12) < 0.001

by 50 cells/mL

ART, antiretroviral therapy; BMI, body mass index; MGIT, mycobacteria
growth indicator tube liquid culture.

*n = 218, because of adjusting: missing BMI valuefor one of the 219 U
culture specimens.
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