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M A J O R A R T I C L E

High Rates of Virological Suppression in a
Cohort of Human Immunodeficiency Virus-
Positive Adults Receiving Antiretroviral Therapy
in Ethiopian Health Centers Irrespective of
Concomitant Tuberculosis

Anton Reepalu,1 Taye Tolera Balcha,1,3 Sten Skogmar,1 Zelalem Habtamu Jemal,4 Erik Sturegård,5 Patrik Medstrand,2

and Per Björkman1

1Infectious Diseases Research Unit, Department of Clinical Sciences, Faculty of Medicine and 2Department of Laboratory Medicine Malmö, Lund
University, Malmö, Sweden; 3Ministry of Health, Addis Ababa, Ethiopia; 4Oromia Regional Health Bureau, Addis Ababa, Ethiopia; and 5Clinical
Microbiology, Regional and University Laboratories, Region Skåne, Sweden

Background. Antiretroviral therapy (ART) initiation during treatment for tuberculosis (TB) improves survival
in human immunodeficiency virus (HIV)/TB-coinfected patients. We compared virological suppression (VS) rates,
mortality, and retention in care in HIV-positive adults receiving care in 5 Ethiopian health centers with regard to TB
coinfection.
Methods. Human immunodeficiency virus-positive ART-naive adults eligible for ART initiation were prospec-

tively recruited. At inclusion, all patients underwent microbiological investigations for TB (sputum smear, liquid
culture, and polymerase chain reaction). Virological suppression rates after 6 months of ART (VS; viral load <40
and <400 copies/mL) with regard to TB status was the primary outcome. The impact of HIV/TB coinfection on
VS rates was determined by multivariate regression analysis. Mortality and retention in care were analyzed by pro-
portional hazard models.
Results. Among 812 participants (TB, 158; non-TB, 654), 678 started ART during the follow-up period (TB, 135;

non-TB, 543). No difference in retention in care between TB and non-TB patients was observed during follow-up; 25
(3.7%) patients died, and 17 (2.5%) were lost to follow-up (P = .30 and P = .83, respectively). Overall rates of VS at 6
months were 72.1% (<40 copies/mL) and 88.7% (<400 copies/mL), with similar results for subjects with and without
TB coinfection (<40 copies/mL: 65 of 92 [70.7%] vs 304 of 420 [72.4%], P = .74; <400 copies/mL: 77 of 92 [83.7%] vs
377 of 420 [89.8%], P = .10, respectively).
Conclusions. High rates of VS can be achieved in adults receiving ART at health centers, with no significant

difference with regard to TB coinfection. These findings demonstrate the feasibility of combined ART and anti-
TB treatment in primary healthcare in low-income countries.
Clinical Trials Registration. NCT01433796.

Keywords. ART; Ethiopia; health centers; outcome; tuberculosis.

Human immunodeficiency virus (HIV) infection is the
strongest risk factor known for developing active tuber-
culosis (TB), and TB remains the most common oppor-
tunistic infection globally [1]. Rates of HIV coinfection
among TB patients are high in sub-Saharan Africa, ex-
ceeding 50% in some countries [1–3]. In many cases,
HIV infection is first detected at presentation with
TB, and most such persons have advanced immunosup-
pression at the time of HIV diagnosis. The risk of death
among HIV/TB-coinfected people is greatly increased
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compared with HIV-infected subjects without TB [4–7]. Surviv-
al for coinfected persons is significantly improved if antiretrovi-
ral therapy (ART) is started during the course of anti-TB
treatment (ATT) [8–10]. Consequently, the World Health Or-
ganization (WHO) recommends starting ART during ATT
for all HIV/TB-coinfected patients, preferably during the first
2 months of ATT [11].
However, ART initiation during ATT may be associated with

complications. The risk of immune reconstitution inflammatory
syndrome (IRIS) is elevated for patients starting ART during
the initial months of ATT; although IRIS is rarely fatal, this con-
dition may be difficult to recognize and manage in low-resource
settings [12]. Furthermore, concomitant ATT and ART might
compromise adherence and increase the risk of side effects
and drug-drug interactions, all of which could adversely impact
treatment outcome [12, 13].More importantly, inadequate sup-
pression of viral replication during suboptimal ART promotes
selection of HIV variants with mutations conferring antiretro-
viral drug resistance [14].
Although most HIV/TB-coinfected subjects live in resource-

limited settings, initial studies on the efficacy of concomitant
ART and ATT were performed in high- and middle-income
regions [15–17]. Recently, Soeters et al [18] presented a system-
atic review on the effect of ATT on ART outcome that showed
virologic suppression rates in patients receiving concomitant
ART/ATT comparable to those in subjects only receiving ART.
This review included 8 studies conducted in sub-Saharan Africa
(5 of 8 from South Africa), which were mainly based in hospitals
or specialized ART clinics. To increase treatment coverage, con-
tinued decentralization of ART services to primary health centers
is needed. This process requires simplification of management
due to less qualified staff and limited access to laboratory moni-
toring; in particular, viral load testing is rarely available. Although
comparable outcomes of ART in clinics managed by nurses com-
pared with physician-run facilities have been reported [19, 20],
the outcome of ART provided at public health centers for pa-
tients with HIV/TB coinfection is not well documented.
In Ethiopia, an increasing number of patients receive ART at

public health centers throughout the country since decentraliza-
tion of ART began in 2006. We have recently reported a high
prevalence of TB detected through intensified case-finding in
a cohort of adults receiving care in 5 health centers in an uptake
area of Central Ethiopia [3]. The current study compares the
outcome of ART after 6 months with regard to the presence
of concomitant TB among participants in this cohort, with par-
ticular focus on virological suppression (VS) rates.

MATERIALS AND METHODS

Setting
This study was performed in all public health centers (Adama,
Dhera, Geda, Mojo, and Wolenchiti) providing ART in the city

of Adama, Oromia Regional State, Ethiopia, and adjacent rural
and suburban districts, covering an uptake area with approxi-
mately 600 000 inhabitants. Adama is situated on the highway
connecting Addis Ababa and Djibouti, which is considered a
high-risk corridor for HIV infection in Ethiopia. In 2005, the
estimated HIV prevalence in Adama was 9%, compared with
the average national prevalence of 3.5% [21].
Non-physician clinicians with 3–4 years of academic training

provide care at Ethiopian public health centers. Apart from HIV
services, health centers consist of several different sections, such
as outpatient department, antenatal clinic, delivery service, and
TB clinic. Clinicians attend the different sections according to
rotating schedules; although assigned to ART clinics, they are
fully responsible for care, treatment initiation, and follow-up
of HIV-positive patients. In the 2008 Ethiopian National ART
guidelines, ART initiation was recommended for all patients
with CD4 cell counts <200 cells/µL, patients with WHO clinical
stage 3 and CD4 cell counts <350 cells/µL, and patients with
WHO clinical stage 4 irrespective of CD4 cell counts [22].
Since 2012, the Ethiopian National ART guidelines recommend
ART initiation for all patients with CD4 cell counts <350 cells/
µL or WHO clinical stage 4 [23]. The first-line treatment regi-
men for TB consists of an intensive phase with rifampicin, iso-
niazid, pyrazinamide, and ethambutol for 8 weeks, followed by a
4-month continuation phase with isoniazid and rifampin [23].

Study Participants
Human immunodeficiency virus-positive patients presenting to
the study health centers between October 3, 2011 and March 1,
2013 were eligible for inclusion if the following criteria were
met: age 18 years or greater, eligibility to start ART (defined
as a documented CD4 cell count <350 cells/µL and/or WHO
stage 4 disease, in accordance with the 2012 Ethiopian National
ART guidelines [23]), and residency in the catchment area of
any of the study sites. Patients with current or previous ART,
as well as patients on ATT for more than 2 weeks before inclu-
sion, were excluded. This cohort has since been continuously
followed. Patients who have started ART since inclusion consti-
tute the study population for the current study, with follow-up
data collected until data abstraction on December 31, 2013.

Methods
At inclusion, detailed demographic and clinical data, including
physical examination details, were collected using structured
questionnaires. All patient-related study procedures were per-
formed by health center staff who had been trained and certified
to provide ART according to the national Ethiopian guidelines
[22]. Blood for CD4 cell and complete blood counts was ob-
tained, with storage of plasma for viral load measurements. In
association with inclusion, all patients underwent bacteriologi-
cal investigations for intensified TB case-finding. For this pur-
pose, participants were asked to provide 2 paired morning
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sputa, expectorated on consecutive days. In case of peripheral
lymphadenopathy, fine-needle aspirates (FNA) were obtained.
Blood and bacteriological results were communicated to the re-
sponsible clinicians who decided if and when to start ART or
ATT. In accordance with Ethiopian national TB guidelines, pa-
tients could also be diagnosed and treated for TB based on clin-
ical and radiological criteria [23].
Participants were observed until ART initiation, and at

months 1, 2, 3, and 6 thereafter. At each visit, structured inves-
tigations were repeated, covering disease symptoms, adherence,
and medications used, as well as physical examination. Blood
tests were repeated until ART initiation (at months 3, 6, 12,
and 18) and at months 1, 3, and 6 after ART initiation. After
6 months of ART, viral load testing was performed. Upon clin-
ical suspicion of TB at any time during follow-up, the respon-
sible clinician was encouraged to repeat TB diagnostics
according to the study protocol. Tracing was recommended
for patients more than 1 day late for scheduled visits.
To ensure adherence to the study protocol, the investigators

(A. R., T. T. B., P. B.) or members of the research team conduct-
ed weekly visits to each health center and monitored all study
data. Trained data clerks continuously entered study data into
databases, with cross-checking of all entries after digitalization.

Laboratory Analyses
All laboratory analyses, except TB cultures, were performed at
Adama Regional Laboratory. CD4 cell counts were analyzed
using BD FACSCalibur cytometer (Becton Dickinson, San
Jose, CA). Sputum and FNA samples were analyzed with direct
smear microscopy using Ziehl-Neelsen staining and Xpert
MTB/RIF (Cepheid, Sunnyvale, CA) for polymerase chain reac-
tion. Liquid cultures for TB were performed at International
Clinical Laboratories, Addis Ababa, using a BACTEC MGIT
960 (BD Diagnostics, Franklin Lakes, NJ).
Plasma HIV-RNA levels were determined using Abbott Real-

Time HIV-1 assay (Abbott Molecular Inc., Des Plaines, IL) with
a detection limit of 40 copies/mL. External quality assurance of
the regional laboratory is regularly performed by the Center for
Disease Control and Prevention (Atlanta, GA).

Statistical Analysis
The primary study outcome was the rate of VS after 6 months of
ART in patients with prevalent TB at inclusion, compared with
those without TB. Retention in care and mortality during the
first 6 months after starting ART and CD4 cell count evolution
during this period were secondary outcomes. Human immuno-
deficiency virus/TB cases were defined as subjects with either
bacteriologically confirmed or clinically diagnosed TB at in-
clusion, or patients who started ATT within 3 months after
inclusion (based on either bacteriological or clinical criteria).
The 3-month follow-up period for the definition of prevalent
TB was used to reduce the risk of misclassification of patients

with unrecognized active TB at baseline; subjects with TB pre-
senting during the first 3 months of follow-up were hence con-
sidered to represent cases of prevalent TB. All other subjects
were defined as HIV-only cases. Participants who received a di-
agnosis of TB after 3 months of follow-up were considered to
represent cases of incident TB, and they were excluded from
analysis.
Patients more than 3 months late for a scheduled follow-up

visit were considered as lost to follow-up; in case such individ-
uals returned to care, their follow-up was resumed. For blood
test results at ART initiation, the results closest in time were
chosen, allowing samples collected 6 months before and
1 week after ART initiation; similar criteria were applied for
6-month blood results, allowing samples collected between
3 and 9 months after ART initiation. The time distribution of
patient outcomes (mortality and lost to follow-up) was analyzed
using Kaplan-Meier curves. Time of follow-up started at ART
initiation and ended at 6 months of ART, last study visit before
reaching an outcome (death, lost to follow-up, transferred out,
or declined further follow-up), or December 31, 2013, which-
ever came first. Cox proportional hazard models were used to
compare HIV/TB with HIV-only, adjusting for gender, age,
and CD4 cell counts at ART initiation.
Virological suppression was defined as a viral load <40 cop-

ies/mL; a separate analysis for viral load <400 copies/mL was
also performed. For sensitivity analysis, patients with missing
6-month viral loads, or not in active care at the 6-month
follow-up, were defined as nonvirologically suppressed.
Between groups comparisons of patient characteristics were

performed using Mann-Whitney U test for continuous vari-
ables and the χ2 test for categorical variables. Variables associ-
ated with VS were analyzed by logistic regression. Variables
with a P value < .20 were entered in the multivariate analysis.
Two-sided hypotheses and tests were used for all statistical in-
ferences. P values < .05 were considered statistically significant.
All analyses were performed using SPSS, version 21 (IBM Corp,
Armonk, NY).

Ethical Approval
Ethical approval was obtained from the national Research
Ethics Review Committee at the Ministry of Science and Tech-
nology of Ethiopia and the Regional Ethical Review Board
of Lund University, Sweden. All study participants provided
written informed consent. An impartial witness confirmed con-
sent received from illiterate study participants.

RESULTS

Patient Characteristics
During the inclusion period, 886 patients were screened for
eligibility; 812 participants (59% female) completed TB investi-
gations (Figure 1). Characteristics of TB among these patients
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have been described in detail [3]. Tuberculosis was diagnosed in
158 of these subjects (137 bacteriologically confirmed, 8 clini-
cally diagnosed at inclusion, 13 clinically diagnosed within
3 months of baseline).
Seventy-three participants discontinued study follow-up after

completion of baseline investigations and before having initiat-
ed ART (Figure 1). At the time of data abstraction, the propor-
tion of HIV/TB cases that died before starting ART was higher
than that among HIV-only (8 of 158 [5.1%] vs 11 of 649 [1.7%];
P = .04). The median time from study inclusion until ATT ini-
tiation was 14 days (interquartile range [IQR], 6–41). Three
HIV/TB cases who initiated ART did not start ATT during fol-
low-up; 1 died, 1 was transferred out, and 1 started ATT >6
months after ART initiation (due to long delay for TB culture
result delivery).
Table 1 shows the characteristics of 678 participants who

were included for analysis of ART outcomes. Five participants
starting ART were excluded from this analysis (2 subjects initi-
ated ATT due to erroneously reported positive TB results; 3 pa-
tients were diagnosed with incident TB before starting ART
[Figure 1]). Antiretroviral therapy was initiated at a median of

33 days (IQR, 15–116) after study inclusion, and blood samples
were obtained at a median of 25 days (IQR, 8–43) before ART
initiation. Most HIV/TB patients were male, in contrast to HIV-
only cases. Persons with HIV/TB had lower (1) body mass index
(BMI), (2) mid-upper arm circumference (MUAC), and (3) he-
moglobin levels. CD4 cell counts showed a trend of being lower
among HIV/TB cases, but the distribution of CD4 cell count
strata was similar between the groups. Efavirenz was the most
commonly used nonnucleoside reverse-transcriptase inhibitor
irrespective of TB status. Among HIV/TB patients, 6 of 135
(4%) started ART within 2 weeks, 51 of 135 (38%) started
ART between 2 and 8 weeks, and 43 of 135 (32%) started
ART after 8 weeks of ATT initiation; ART was initiated before
ATT in 35 of 135 (26%).

ART Outcome in Participants With and Without Concomitant TB
Survival and Retention in Care
During the 6-month follow-up after ART initiation, 25 (3.7%)
died, 17 (2.5%) were lost to follow-up, and 75 (11.1%) trans-
ferred out or declined further follow-up, leaving 561 (82.7%)
patients in active care (Table 2). Kaplan-Meier estimates showed

Figure 1. Flowchart of the study participants.
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no differences in the time distribution of events (death, lost to
follow-up, or both) between HIV/TB cases and HIV-only dur-
ing ART (Supplementary Figure 1). Unadjusted hazard ratios
(HRs) were nonsignificant for death (HR, 1.57; 95% confidence
interval [CI], .66–3.77), loss to follow-up (HR, 0.87; 95% CI,
.25–3.04), and death and loss to follow-up combined (HR,
1.27; 95% CI, .62–2.58). The HRs remained nonsignificant
after adjustment for age, gender, and CD4 cell count at ART ini-
tiation (Table 3).

Virologic Suppression
Six-month follow-up blood samples were provided a median of
25 weeks (IQR, 24–27) after ART initiation, with available viral
load results for 512 of 561 (91.3%) patients. The presence of TB
coinfection showed no association with the rate of VS in uni- or
multivariate analysis (Supplementary Table 1). In total, 369 of
512 (72.1%) achieved a viral load <40 copies/mL; 65 of 92
(70.7%) and 304 of 420 (72.4%) for HIV/TB cases and HIV-
only, respectively (P = .74; Table 4). Using the higher threshold
(<400 copies/mL), 454 of 512 (88.7%) achieved VS; 77 of 92
(83.7%) and 377 of 420 (89.8%) for HIV/TB cases and HIV-
only, respectively (P = .10).
In univariate analysis, using either <40 copies/mL or <400

copies/mL as definition for VS, female gender, higher BMI,
and MUAC, as well as higher CD4 cell count and percentage
at ART initiation were associated with higher odds of viral sup-
pression. In multivariate analysis, female gender retained signif-
icant association with VS (P < .01) for viral load <40 copies/mL,

Table 1. Characteristics of 678 Participants Initiating ART*

HIV/TB
(n = 135)

HIV Only
(n = 543)

P
Valuea

Male sex, n (%) 74 (54.8) 209 (38.5) <.01

Age, years 34 (28–42) 32 (28–40) .25

BMI, kg/m2 19 (17–20) 19 (18–21) <.01

MUAC, cm 21.5 (20.0–23.0) 23.0 (21.0–25.0) <.01

Karnofsky performance
score, n (%)

.14

<70 6 (4.5) 24 (4.5)
70 or 80 72 (54.5) 242 (45.2)

90 or 100 54 (40.9) 269 (50.3)

On co-trimoxazole at
study inclusion,
n (%)

98 (73.1) 420 (77.6) .27

Newly enrolled in HIV
care, n (%)

51 (37.8) 166 (30.7) .12

CD4 cell count,
cells/µLb

161 (98–243) 184 (118–256) .05

CD4 cell strata, n (%),
cells/µL

.11

<100 34 (25.8) 103 (19.3)

100–200 53 (40.2) 203 (37.9)
201–350 31 (23.5) 180 (33.6)

>350 14 (10.6) 49 (9.2)

CD4 cell percentage,% 11.0 (7.8–15.0) 11.0 (7.0–15.0) .91
Hemoglobin, g/dLc 10.4 (9.2–12.0) 11.6 (10.5–12.7) <.01

White blood cell count,
×109 cells/L

4.7 (3.7–6.2) 4.2 (3.4–5.4) <.01

Total lymphocyte
count, ×109 cells/L

1.3 (1.0–1.8) 1.4 (1.1–1.8) .30

ART regimen – n (%)d <.01

Nevirapine-based 10 (7.4) 113 (20.8)

Efavirenz-based 125 (92.6) 430 (79.2)

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; HIV, human
immunodeficiency virus; IQR, interquartile range; MUAC, mid-upper arm
circumference; TB, tuberculosis.
* Variables presented as median (IQR), if not stated otherwise. P values
of < .05 have been indicated in bold.
a The P values were calculated using Mann-Whitney U or χ2 test, as
appropriate.
b CD4 cell counts were available for 667 patients.
c Blood cell counts were available for 639 patients.
d Nucleoside/nucleotide components: lamivudine 100%; stavudine 2%;
zidovudine 12%; tenofovir 86%.

Table 2. Patient Survival and Retention in Care During 6 Months
Follow-up After ART Initiation*

HIV/TB
(n = 135)

HIV Only
(n = 543)

P
Valuea

Patient Outcome .38
Active in care 108 (80.0) 453 (83.4)

Died 7 (5.2) 18 (3.3)

Lost to follow-up 3 (2.2) 14 (2.6)
Transferred out 7 (5.2) 11 (2.0)

Declined further follow-up 2 (1.5) 12 (2.2)

Data abstraction before
6-month follow-up

8 (5.9) 35 (6.4)

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus;
IQR, interquartile range; TB, tuberculosis.
* Variables presented as no. (%).
a The P value was calculated using χ2 test.

Table 3. Hazard Ratios for Mortality, Lost to Follow-up, and
Combined Outcome Mortality or Lost to Follow-up Among Patients
Initiating ART

Hazard Ratios HIV/TB Coinfected versus HIV-Only

Unadjusted
(95% CI)

P
Value

Adjusteda

(95% CI)
P

Value

Died 1.57 (.66–3.77) .31 1.35 (.53–3.48) .53

Lost to
follow-up

0.87 (.25–3.04) .83 0.89 (.25–3.15) .85

Died or lost
to follow-
up

1.27 (.62–2.58) .51 1.15 (.54–2.45) .71

Abbreviations: ART, antiretroviral therapy; CI, confidence interval; HIV, human
immunodeficiency virus; TB, tuberculosis.
a Adjusted for age, sex, and CD4 cell count at ART initiation.
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in addition to higher MUAC for viral load <400 copies/mL
(Supplementary Table 1). In the sensitivity analysis, defining
patients with missing 6-month viral loads or not in active
care at the 6-month follow-up as nonvirologically suppressed,
the proportion achieving VS (<40 copies/mL) was 369 of 641
(57.6%); 65 of 128 (50.8%) and 304 of 513 (59.3%) for HIV/
TB cases and HIV-only, respectively (P = .08). In multivariate
analysis, female gender remained significantly associated with
VS (Supplementary Table 2).

CD4 Cell Evolution
At baseline, median CD4 cell counts were slightly lower in HIV/
TB-coinfected subjects (Table 1). This difference remained and
was statistically significant at 6 months: median CD4 cell counts
247 and 300 cells/μL (P = .04) for HIV/TB and HIV-only, re-
spectively (Table 4). However, the median increase of CD4
cell counts during ART did not show significant difference
with regard to TB status: median CD4 cell counts increase 87
and 103 cells/μL (P = .49) for HIV/TB andHIV-only, respectively.

DISCUSSION

In this prospective cohort study performed at Ethiopian health
centers, no difference in the rates of VS at 6 months after ART

initiation was detected with regard to the presence of concom-
itant TB and ATT. Furthermore, TB coinfection did not affect
rates of mortality and retention in care during ART. This find-
ing provides support for current recommendations to initiate
ART during the course of ATT for subjects with HIV/TB coin-
fection, and it demonstrates the feasibility of this strategy even at
primary healthcare level in resource-limited settings.
Our results on ART outcome in HIV/TB-coinfected subjects

are in agreement with a recent review [18]. Viral suppression
(using the definition of viral load <400 copies/mL) was achieved
by 89% of participants, with no difference with regard to TB
coinfection. There was no difference between the 2 groups
when using a stricter definition of VS (<40 copies/mL), al-
though suppression was less pronounced (72%). In multivariate
analysis, male gender was the only variable found to be associ-
ated with a lower likelihood of achieving VS.
The rates of VS found in this cohort are comparable with

those reported elsewhere [13, 16, 24]. However, most previous
studies on the outcome of ART in TB patients have been
based in hospitals or specialized ART clinics. Our study pro-
vides confirmatory data from an Ethiopian primary healthcare
setting, typical for low-income countries in sub-Saharan Africa
where great proportions of people living with HIV and TB are
managed.
For comparison of VS rates, we included subjects for whom a

viral load result obtained at 6 months after ART initiation was
available. In an attempt to assess whether retention in care or
availability of samples for viral load testing could have affected
our results, we performed a sensitivity analysis, defining pa-
tients with missing viral load results, or not in active care at
the 6-month follow-up, as non-VS; yet, TB coinfection re-
mained nonsignificantly associated with VS (P = .08).
Despite having a higher frequency of negative prognostic

characteristics (such as lower BMI, MUAC, and hemoglobin
levels), HIV/TB cases did not manifest increased mortality dur-
ing ART. Furthermore, a greater proportion of these persons
were of male gender, which has also been associated with higher
mortality [25]. Although some studies have reported an in-
creased risk of death in TB-coinfected subjects starting ART
[5], a recent meta-analysis did not identify any such difference
for short-term mortality [26]; however, the risk of death was el-
evated at 1 year after ART initiation in HIV/TB-coinfected pa-
tients. For the current analysis, we restricted follow-up to 6
months after ART, because we mainly wished to exclude a po-
tential negative impact of concomitant ATT on ART outcome.
The observation that long-term outcome may be compromised
in TB-coinfected patients suggests that other factors are in-
volved [27, 28]; such as delayed immune recovery among pa-
tients with HIV/TB coinfection [29, 30]. In our cohort, TB
cases tended to have lower CD4 cell levels than subjects without
TB at inclusion. Despite similar increases in CD4 cell counts,
HIV/TB-coinfected persons had significantly lower median

Table 4. Viral Suppression and CD4 Cell Distribution at 6 Months
After ART Initiation*

HIV/TB
(n = 108)

HIV-Only
(n = 453)

P
Valuea

Viral load, n (%), copies/mLb

<40 65 (70.7) 304 (72.4) .74

<400 77 (83.7) 377 (89.8) .10

CD4 cell count,
cells/µLc

247 (190–349) 300 (205–393) .04

CD4 cell count, n (%),
cells/µL

.29

<100 6 (6.5) 27 (6.8)

100–200 20 (21.7) 67 (16.8)

201–350 43 (46.7) 165 (41.5)
>350 23 (25.0) 139 (34.9)

CD4 cell percentage,
% (IQR)

15 (12–22) 17 (12–22) .27

CD4 cell increase,
cells/µLd

87 (26–178) 103 (38–173) .49

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus;
IQR, interquartile range; TB, tuberculosis.
* Variables presented asmedian (IQR), if not stated otherwise. P values of < .05
have been indicated in bold.
a The P values were calculated using Mann-Whitney U or χ2 test, as
appropriate.
b Viral loads were available for 512 patients.
c CD4 cell counts were available for 490 patients.
d CD4 cell increase data were available for 488 patients.
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CD4 cell counts after 6 months of ART, with >25% having levels
<200 cells/μL.
Our study participants consisted of HIV-positive adults who

fulfilled criteria for starting ART; at inclusion, all patients un-
derwent microbiological investigation for TB. These investiga-
tions led to detection of active TB in 137 patients (16.9%),
among whom only 13 had been diagnosed with TB previously
[3]. It is likely that this active case-finding approach contributed
to satisfactory ART outcomes. Incident TB has been associated
with poor ART outcome [31], and by screening all patients sev-
eral cases were probably detected at less advanced stages of TB
disease. Yet, 5.1% of HIV/TB-coinfected patients died before
ART initiation compared with 1.7% among those with negative
TB screening. This result illustrates the need for early ART ini-
tiation during ATT, especially for individuals with advanced
immunosuppression [8–10].
Our study has some limitations. It was conducted in a limited

uptake area; however, we consider the participating health cen-
ters to be representative of primary healthcare in sub-Saharan
Africa, and except for the intensified TB screening at study in-
clusion, no special interventions were introduced that might
have improved treatment outcomes. We did not analyze adher-
ence data or rates of adverse events (including IRIS) in the 2
groups. Furthermore, we did not analyze viral load at baseline.
Tuberculosis coinfection is associated with significantly in-
creased HIV replication [32], yet rates of viral suppression at
6 months of ART were similar in subjects with and without
TB, suggesting that this factor has not obscured a potential dis-
advantage in coinfected patients. Despite the use of intensified
TB case-finding at baseline, it is possible that some cases of ex-
trapulmonary TB were missed, which could have led to misclas-
sification. To reduce this risk, we used a follow-up period of 3
months after inclusion for the definition of prevalent TB. How-
ever, the occurrence of TB after inclusion was low.
In conclusion, rates of VS were high; however, no significant

difference was found with regard to the presence of concomi-
tant TB in these HIV-positive adults receiving care at Ethiopian
health centers managed by non-physician clinicians. These
findings demonstrate the feasibility of combined ART and
ATT at primary healthcare level in low-income countries.

Supplementary Material

Supplementarymaterial is available online atOpen Forum Infectious Diseases
(http://OpenForumInfectiousDiseases.oxfordjournals.org/).
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