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Background. Daily co-trimoxazole is reccommended for African adults living with human immunodeficiency virus (HIV) irre-
spective of antiretroviral treatment, immune status, or disease stage. Benefits of continued prophylaxis and whether co-trimoxazole
can be stopped following immune reconstitution are unknown.

Methods. We conducted a randomized controlled trial at 2 sites in Malawi that enrolled adults with HIV with undetectable viral
load and CD4 count of >250/mm’ and randomized them to continue daily co-trimoxazole, discontinue daily co-trimoxazole and
begin weekly chloroquine, or discontinue daily co-trimoxazole. The primary endpoint was the preventive effect of co-trimoxazole
prophylaxis against death or World Health Organization (WHO) HIV/AIDS stage 3-4 events, using Cox proportional hazards mod-
eling, in an intention-to-treat population.

Results. 1499 adults were enrolled. The preventive effect of co-trimoxazole on the primary endpoint was 22% (95% CI: —14%-
47%; P = .20) versus no prophylaxis and 25% (—10%-48%; P = .14) versus chloroquine. When WHO HIV/AIDS stage 2 events
were added to the primary endpoint, preventive effect increased to 31% (3-51%; P = .032) and 32% (4-51%; P = .026), respectively.
Co-trimoxazole and chloroquine prophylaxis effectively prevented clinical malaria episodes (3.8 and 3.0, respectively, vs 28/100
person-years; P < .001).

Conclusions. Malawian adults with HIV who immune reconstituted on ART and continued co-trimoxazole prophylaxis ex-
perienced fewer deaths and WHO HIV/AIDS stage 3-4 events compared with prophylaxis discontinuation, although statistical
significance was not achieved. Co-trimoxazole prevented a composite of death plus WHO HIV/AIDS stage 2-4 events. Given poor
healthcare access and lack of routine viral load monitoring, co-trimoxazole prophylaxis should continue in adults on ART after im-
mune reconstitution in sub-Saharan Africa.

Clinical Trials Registration. NCT01650558.
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Before widespread antiretroviral therapy (ART) use in sub-Sa-
haran Africa, studies demonstrated that daily trimethoprim-
sulfamethoxazole (co-trimoxazole) prophylaxis reduced
morbidity and mortality among adults living with human im-

munodeficiency virus (HIV) by preventing pneumonia, sepsis,
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malaria, and diarrhea [1-4]. Based on studies showing that
co-trimoxazole prophylaxis for Pneumocystis jirovecii pneu-
monia and toxoplasmosis, common opportunistic infections,
can be safely stopped at the CD4 cell count threshold of 200/
mm?® in North America and Europe [5, 6], co-trimoxazole is
prescribed in these settings until the CD4 cell count reaches
200/mm’. Several African studies have explored the possi-
bility of discontinuing co-trimoxazole prophylaxis [3, 7-10],
but none included mortality as a powered endpoint or identi-
fied a clinical or laboratory threshold at which co-trimoxazole
prophylaxis ceases to impact survival and severe morbidity.
Whether co-trimoxazole can safely be discontinued after suc-
cessful ART initiation has not been directly tested in a random-
ized controlled study.

Routine co-trimoxazole prophylaxis has continued with
expanded access to ART throughout sub-Saharan Africa,
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consistent with 2014 World Health Organization (WHO) guide-
lines that call for co-trimoxazole continuation among adults,
adolescents, and children regardless of CD4 cell count or WHO
clinical stage for settings in which malaria and systemic bacte-
rial infection are highly prevalent [11]. In Malawi, co-trimoxa-
zole prophylaxis is recommended to continue for life for all
persons with HIV. We designed a clinical trial to evaluate the ef-
fects of co-trimoxazole prophylaxis on morbidity and mortality
among Malawian adults living with HIV infection after good
response to ART. We also aimed to distinguish benefits due to
the antibacterial and antimalarial effects of co-trimoxazole in
the southern region of Malawi where 26% of Plasmodium fal-
ciparum prevalence is detected in children [12]. Chloroquine-
susceptible P, falciparum parasites now predominate in Malawi
[13], and chloroquine offers highly effective malaria prophy-
laxis without providing prevention of bacterial infection.

METHODS

Study Design

We conducted an investigator-initiated, 2-center, randomized,
open-label, controlled noninferiority trial at outpatient health
facilities in Malawi, Central Africa, to compare standard-of-
care prophylaxis with daily co-trimoxazole with discontin-
uation of standard-of-care co-trimoxazole prophylaxis and
starting weekly chloroquine prophylaxis or discontinuation of
standard-of-care co-trimoxazole prophylaxis, as published pre-
viously [14]. The trial protocol was approved by the University
of Malawi College of Medicine Research Ethics Committee and
the University of Maryland Institutional Review Board.

Participants

Adults with HIV who were on ART for at least 6 months and
fulfilled all other inclusion and exclusion criteria were en-
rolled at Ndirande Health Centre, Blantyre, and Zomba Central
Hospital, Zomba. Undetectable HIV viral load (<400 copies/
mL) and CD4 count of 250/mm’ or greater were required at
screening, and those with severe acute illness or who required
chronic treatment or secondary prophylaxis for toxoplasmosis
or tuberculosis were excluded. A complete list of the inclu-
sion and exclusion criteria is provided in the Supplementary
Appendix. All participants provided written informed con-
sent. The first-line ART in Malawi was stavudine/lamivudine/
nevirapine and changed to tenofovir/lamivudine/efavirenz in
2013.

Randomization and Masking

Participants were randomly assigned in a 1:1:1 ratio to continue
standard-of-care daily co-trimoxazole prophylaxis (160 mg
trimethoprim/800 mg sulfamethoxazole) [15], discontinue
co-trimoxazole and start weekly chloroquine prophylaxis (300
310 mg chloroquine base), or discontinue co-trimoxazole pro-
phylaxis. An internet-based data-entry system with hard-copy

backup was used to randomize participants, who began their
prophylaxis treatment assignment at enrollment. Treatment
arms were not masked.

Procedures

All participants were seen at follow-up visits every 4-12 weeks
(every 4 weeks for the first 24 weeks to ensure compliance,
then every 12 weeks thereafter) and when ill. Participants un-
derwent CD4 cell count and HIV viral load testing every 24
weeks. Clinical monitoring for adverse events took place at all
visits to determine seriousness, relatedness, and expectedness.
Antiretroviral therapy and illness management followed rou-
tine clinical practice per Malawi Ministry of Health guidelines.
When participants experienced a WHO HIV/AIDS stage 3 or 4
event, their study treatment assignment was discontinued and
they restarted routine co-trimoxazole prophylaxis for the dura-
tion of the study. Participants who became pregnant were placed
on routine co-trimoxazole prophylaxis during pregnancy and
resumed their study treatment assignment after delivery.

Diagnostic Criteria

Participants were considered to have confirmed bacterial in-
fection if they had a positive bacterial culture from blood or
other normally sterile site and a suspected bacterial infection
if they had a clinical diagnosis consistent with a bacterial eti-
ology based on investigator assessment. Diagnostic criteria for
HIV/AIDS stage 3 or 4 events were based on the WHO clin-
ical staging document of 2006 and AIDS Clinical Trials Group
(ACTG) diagnostic criteria (see Supplementary Appendix).
Participants with an illness consistent with malaria were tested
for malaria by microscopy and diagnosed with clinical malaria
if the blood smear demonstrated P. falciparum infection.

Outcomes

The primary outcome was occurrence of a severe event, de-
fined as death or a WHO HIV/AIDS stage 3 or 4 event [16].
The secondary outcomes were prevalence of detectable HIV
viral load; occurrence of CD4 cell count less than 200 cells/
mm?; occurrence of WHO HIV/AIDS stage 2, 3, or 4 event or
death; occurrence of bacterial infections; occurrence of P. fal-
ciparum clinical malaria defined as infection identified on a
thick blood smear with malaria symptoms; occurrence of grade
3-5 adverse events; and the rate of treatment discontinuation.
A primary endpoint review committee, blinded to study treat-
ment assignment, used prespecified criteria to adjudicate clin-
ical outcomes as previously described [14] (see Supplementary
Appendix for case definitions for WHO HIV/AIDS stage 2-4
events). Participant adherence to ART and to study treatment,
if appropriate, was assessed at each scheduled follow-up visit
using pill counts and administration of a standardized adher-
ence questionnaire. Participant adverse events were captured
during scheduled and unscheduled study visits or by guardian
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report and supplemented with available clinic or hospital re-
cords. Events were assessed for relationship to study treatment,
if appropriate, seriousness, severity, expectedness, and time to
resolution/stabilization.

Statistical Analysis

The protocol-defined measure of preventive effect for the pri-
mary endpoint (time to first of death or WHO HIV/AIDS
stage 3-4 event) was 1 - hazard ratio (HR) (co-trimoxazole/
experimental). Hence, when the preventive effect is positive,
it reflects benefit for co-trimoxazole prophylaxis relative to the
experimental arm. This noninferiority study design tested the
null hypothesis that the preventive effect of co-trimoxazole is
0.35 or greater. Each experimental group would be declared
noninferior to co-trimoxazole if the upper bound of the 95%
confidence interval (CI) of the preventive effect was less than
.35. No multiplicity adjustment was planned to account for the
performance of 2 primary comparisons (co-trimoxazole vs each
experimental arm). The initial sample size of 900 participants
was calculated to have 80% power to reject the null hypothesis.
Because the interim event rate was lower than expected, the
steering committee decided to expand the study to include an
additional 600 participants and extend follow-up for an addi-
tional 2 years.

Time-to-event endpoints were summarized using the
Kaplan-Meier method. Hazard ratios and 95% CIs were
estimated by a Cox proportional hazards model with a
single covariate for treatment group, and 2-sided log-rank
P values for superiority were calculated. All analyses were
conducted using the intention-to-treat population, and
participants were censored at their last visit. Secondary
endpoint analyses considered total number of events using
Poisson regression modeling. Detectable HIV viral load,
CD4 cell count less than 200 cells/mm?, suspected bacte-
rial infections, P. falciparum clinical malaria, and grade
3-5 adverse events were compared by analyzing the inci-
dence of events in chloroquine and no prophylaxis versus
co-trimoxazole using exact Poisson regression. All P values
were 2-sided tests of superiority. Data were analyzed using
SAS version 9.4 (SAS Institute). The standing National
Institutes of Health (NIH) Division of AIDS Complications
and Coinfections Data Safety and Monitoring Board
oversaw the study and reviewed safety data at least an-
nually. This trial is registered with ClinicalTrials.gov as
NCT01650558.

RESULTS

From 14 December 2012 to 26 August 2016, 1499 partici-
pants were recruited. A total of 4958 person-years of observa-
tion (pyo) were accrued, and 1249 (83%) enrolled participants
completed the study (Figure 1). The most common reasons for

screening failure were CD4 cell count less than 250/mm’ and
detectable HIV viral load.

Participant demographics are summarized in Table 1 and
reveal similar characteristics among study groups. Previous
WHO HIV/AIDS stage 2, 3, and 4 data were obtained from
ART clinic records and participant reporting. After study en-
rollment, 486 of 1499 participants permanently discontinued
their treatment arm but continued to be maintained in the
study cohort, including 135 due to WHO HIV/AIDS stage 3 or
4 event, 17 due to toxicity, and 4 due to participant preference.
One hundred ninety-four women became pregnant during the
study and were temporarily switched to routine co-trimoxazole
until after delivery (Supplementary Table 1).

A total of 179 WHO HIV/AIDS stage 3 or 4 endpoint events
from 157 individual participants were detected during fol-
low-up and confirmed by the adjudication committee. When
13 reported deaths that were not adjudicated to be due to WHO
HIV/AIDS stage 3 or 4 events were included, a total 170 parti-
cipants experienced 192 primary endpoint events (Tables 2 and
3). Most participants with a primary endpoint event (88%) ex-
perienced only 1 event. A Kaplan-Meier plot for time to first
primary endpoint event is presented in Figure 2A and shows no
statistically significant difference between groups (co-trimoxa-
zole vs chloroquine, P = .14; co-trimoxazole vs no prophylaxis
P = .20); the preventive effect (1 — HR) and 95% Cls estimated
by Cox proportional hazards did not achieve statistical signif-
icance to declare either noninferiority to co-trimoxazole or
superiority of co-trimoxazole (co-trimoxazole vs no prophy-
laxis: .22; —.14-.47; P = .20; co-trimoxazole vs chloroquine: .25;
—.10-.48; P = .14). The primary endpoint incidence rates in the
co-trimoxazole, chloroquine, and no-prophylaxis arms were
3.3, 4.2, and 4.2 per 100 pyo, respectively (Table 3). Although
the observed event rate in the co-trimoxazole arm was lower
than in the chloroquine and no-prophylaxis arms, neither com-
parison detected a statistically significant difference. Twenty-
four deaths were reported: 10 in the co-trimoxazole group, 6
in the chloroquine group, and 8 in the no-prophylaxis group.
Eleven deaths were caused by WHO HIV/AIDS stage 3 or
4 events. Causes of death are listed by study treatment arm
(Supplementary Table 2).

When WHO HIV/AIDS stage 2 events were added to the pri-
mary endpoint of deaths and WHO HIV/AIDS stage 3 and 4
events, 216 participants experienced 257 events (Tables 2 and
3). The event rates of death or WHO HIV/AIDS stage 2, 3, or 4
illness in the co-trimoxazole, chloroquine, and no-prophylaxis
arms were 4.0, 5.7, and 5.8 per 100 pyo, respectively. A Kaplan-
Meier plot for time to death or to first WHO HIV/AIDS stage
2, 3, or 4 event is presented in Figure 2B and shows that time
to first WHO HIV/AIDS stage 2+ event or death was longer
in the co-trimoxazole arm versus the chloroquine (P =.026)
and no-prophylaxis (P =.032) arms; the preventive effect and
95% Cls estimated by Cox proportional hazards achieved
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Screened

N=2223
Randomized Failed screening
N=1499 N=724 (33%)
 CD4 count < 250/mm? (N=261)
o Detectable HIV viral load (N=152)
e Initiation of ART less than 6
months prior (N=42)

e Other (N=269)

v v v

TS cQ No prophylaxis

N=500 N=500 N=499
A\ 4 A 4 \ 4

Discontinued Assigned Arm
N=143 (29%)

Discontinued Assigned Arm
N=181 (36%)

e Migration out of study area (N=61)

o Diagnosed with WHO Clinical Stage
3 or4illness (N=37)

e Other (N=45)

3 or 4 illness (N=45)
e Other (N=64)

e Migration out of study area (N=72)
o Diagnosed with WHO Clinical Stage

Discontinued Assigned Arm
N=162 (32%)

o Migration out of study area (N=57)

o Diagnosed with WHO Clinical Stage
3 or4illness (N=53)

e Other (N=52)

4 A 4

A 4

Discontinued from study
N=83 (17%)

Discontinued from study
N=92 (18%)

o Migration out of study area (N=61)
e Lost to follow up (N=10)

o Death (N=10)

o Other (N=2)

o Lost to follow up (N=13)
e Death (N=6)
e Other (N=2)

o Migration out of study area (N=71)

Discontinued from study
N=75 (15%)

o Migration out of study area (N=56)
e Lost to follow-up (N=6)
e Death (N=8)

o Other (N=5)

Figure 1.

Enrollment and randomization of participants. Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; WHO, World Health Organization.

statistical significance to declare superiority of co-trimoxa-
zole (co-trimoxazole vs no prophylaxis: .31; .03-.51; P = .032;
co-trimoxazole vs chloroquine: .32; .04-.51; P = .026).
Participants on co-trimoxazole prophylaxis experienced a
lower rate (26.4 per 100 pyo) of suspected or confirmed bac-
terial infections compared with those on chloroquine (35.9
per 100 pyo, P <.001) or no prophylaxis (35.3 per 100 pyo,
P <.001) (Table 3). When comparing suspected bacterial in-
fections by system organ class/preferred term, participants
in the chloroquine and no-prophylaxis groups had increased
rates of furuncle, abscess, pelvic inflammatory disease, cel-
lulitis, paronychia, pyelonephritis, and dental caries rela-
tive to the co-trimoxazole prophylaxis group. In addition
to these diagnoses, persons in the chloroquine group had
increased rates for the following conditions relative to the
co-trimoxazole group: urinary tract infection, wound in-
fection, wound sepsis, and subcutaneous abscess. Persons
in the no-prophylaxis group had increased risk for the fol-
lowing conditions relative to the co-trimoxazole group: bac-
terial conjunctivitis, limb abscess, acute tonsillitis, and acne
(Supplementary Table 3, Supplementary Appendix).

Participants on co-trimoxazole prophylaxis experienced
fewer P. falciparum clinical malaria episodes (3.8 per 100 pyo)
than those on no prophylaxis (28.0 per 100 pyo, P < .001) and
equivalent malaria episodes compared with chloroquine pro-
phylaxis (3.0 per 100 pyo, P = .61) (Table 3).

The prevalence of detectable HIV viral load at post-
baseline time points was 5% (24/491) in the co-trimoxazole
arm, 7% (36/488) in the chloroquine arm, and 7% (33/489)
in the no-prophylaxis arm. Likewise, the prevalence of CD4
cell count less than 200 cells/mm?® at all post-baseline time
points was 5% (24/491) in the co-trimoxazole arm, 5%
(23/488) in the chloroquine arm, and 6% (27/489) in the
no-prophylaxis arm. Results were not statistically different
by study arm.

Grade 3-5 adverse events occurred at a slightly lower rate
in the co-trimoxazole group (12.6 per 100 pyo) compared
with the chloroquine and no-prophylaxis groups (14.8 and
14.4 per 100 pyo, respectively), but this result was not statis-
tically significant (P =.21 and .31, respectively) (Table 3 and
Supplementary Table 4). Participants in the co-trimoxazole
arm experienced increased grade 3+ neutropenia at a rate of 2.5
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Table 1. Baseline Demographic and Clinical Data

Co-trimoxazole Chloroquine No Prophylaxis Total
Age (years)

n 500 500 499 1499
Mean (SD) 39.1(9.7) 38.7 (9.6) 39.4 (10.1) 39.1(9.8)
Male, n/N (%) 125/500 (25) 126/500 (25) 113/499 ('23) 364/1499 (24)

CD4 count (cells/mm?)

n 498 500 498 1496

Mean (SD) 568.9 (237.2) 550.8 (226.0) 585.2 (245.3) 568.3 (236.5)
Hemoglobin (g/dL)

n 498 500 499 1497

Mean (SD) 13.2 (1.7) 13.2 (1.6) 13.2 (1.6) 13.2 (1.6)
Absolute neutrophil count (x10%/nL)

n 481 481 480 1442

Mean (SD) 2.1(0.9) 2.1(0.9) 2.1(0.9) 2.1(0.9)
White blood cell count (x10%/ul)

n 498 500 499 1497

Mean (SD) 4.6 (1.4) 4.6 (1.3) 4.8 (1.4) 4.7 (1.4)
Platelets (x10%/puL)

n 498 500 499 1497

Mean (SD) 256.3 (81.1) 263.9 (85.7) 266.8 (81.7) 262.3 (82.9)
Weight (kg)

n 500 500 499 1499

Mean (SD) 56.9 (9.6) 56.6 (9.2) 575 (11.3) 57.0 (10.1)
WHO performance status, n/N (%)

1 (asymptomatic, normal activity) 497/500 (99) 498/500 (>99) 498/499 (>99) 1493/1499 (>99)

2 (symptomatic, normal activity) 2 (<1) 1(<1) 1(<1) 4 (<1)

Not obtained 1(<1) 1(<1) 0 2 (<1)
Previous WHO stage 2+ event, n/N (%) 271/499 (54) 277/500 (55) 294/499 (59) 842/1498 (56)
Previous WHO stage 3+ event, n/N (%) 210/499 (42) 203/500 (41) 202/499 (40) 615/1498 (41)
Previous WHO stage 4 event, n/N (%) 47/499 (9) 36/500 (7) 34/499 (7) 117/1498 (8)

Column header counts and denominators are the number of randomized participants. Table only includes participants with nonmissing data for each measure. Abbreviation: WHO, World

Health Organization.

per 100 pyo, compared with 1.6 and 1.1 in the chloroquine and
no-prophylaxis groups, respectively (Supplementary Table 4).

DISCUSSION

This study is the first clinical trial in adults living with HIV
in sub-Saharan Africa randomized to continue or discon-
tinue co-trimoxazole prophylaxis with the primary objec-
tive to measure subjects with mortality and HIV-associated
morbidity in the ART era. Discontinuing co-trimoxazole

prophylaxis did result in increased death and WHO HIV/
AIDS stage 3 and 4 events when compared with chloroquine
or no prophylaxis, but this finding was not statistically sig-
nificant. When the prespecified secondary endpoint of com-
bining deaths or WHO HIV/AIDS stage 2, 3, and 4 events
was compared among study arms, participants receiving
co-trimoxazole prophylaxis experienced about one-third
fewer events than participants on chloroquine or no prophy-
laxis. This modest but significant preventive effect was at-
tributable to fewer bacterial infections in the co-trimoxazole

Table 2. Participants Who Experienced WHO Stage 2, 3, or 4 Events or Death by Treatment Arm

Co-trimoxazole Chloroquine No Prophylaxis Total (N = 1499),
Participants With Any Event (n=500), n (%) (n=500), n (%) (n=499), n (%) n (%)
Adjudicated WHO stage 3+ event or death® 48 (10) 62 (12) 60 (12) 170 (11)
WHO stage 2 event, adjudicated WHO 57 (11) 80 (16) 79 (16) 216 (14)

stage 3+ event, or death®

Column header counts and denominators are the number of randomized participants. Participants are included in each row if they had any event of that type. Abbreviation: WHO, World

Health Organization.
®Includes deaths not otherwise classified as a WHO stage 3+ event.

PInvestigatorreported WHO stage 2 events are included because WHO stage 2 events are not adjudicated. Deaths are included if not otherwise classified as a WHO stage 2 event per

investigator or adjudicated WHO stage 3+ event.
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Figure 2. A, Time to first adjudicated primary endpoint event. B, Time to first WHO stage 2+ event or death. Abbreviations: BL, baseline; Chlorog, chloroquine; Cl, confidence
interval; Co-trim, co-trimoxazole; HR, hazard ratio; No prop, no prophylaxis; WHO, World Health Organization.

group compared with the chloroquine and no-prophylaxis
arms. Co-trimoxazole also provided effective protection
against P. falciparum malaria, similar to prophylaxis with
chloroquine, a drug known to be highly effective in Malawi
[13, 17]. Differences in loss of viral suppression or decreases
in CD4 cell count were not detected in the 3 groups.

The lack of statistically significant protection of co-trimoxa-
zole prophylaxis against the primary endpoint likely resulted
from a lower-than-expected event rate. The actual rate of 3.9
per 100 pyo was much less than the expected rate of 6.8 per 100
pyo, an estimate based on initial data over the first 1.5 years
of follow-up in the current study. With our sample size and
observed primary endpoint rate, the trial would have 80%
or higher power to detect a 42% or higher protective effect

of co-trimoxazole. Our results are similar to previous obser-
vational studies in adults and a clinical trial in children that
demonstrated that continued co-trimoxazole therapy does not
impact mortality but does lead to decreased overall risks of in-
fections, hospitalizations, malaria, and diarrhea [7-9, 18].

Co-trimoxazole prophylaxis causes hematologic toxicity,
including neutropenia [19, 20]. Adults living in sub-Saharan
Africa with HIV on ART may be at increased risk for such he-
matologic toxicities [21-23], and we did find higher rates of
neutropenia in the co-trimoxazole group. Despite this, par-
ticipants on co-trimoxazole prophylaxis experienced fewer
bacterial infections than participants on chloroquine or no pro-
phylaxis, suggesting that neutropenia did not increase the risk
of infections.

Table 3. Incidence of Primary and Secondary Endpoint Events by Treatment Arm
Co-trimoxazole Co-trimoxazole vs No
vs Chloroquine prophylaxis
Co-trimoxazole Chloroquine No Prophy-
(n =500, (n =500, laxis (n =499, Total (N = 1499,
Pt-years = 1654), Pt-years = 1646), Pt-years = 1658), Pt-years = 4958), Rate Ratio Rate Ratio
Endpoint n (rate® n (rate?) n (rate®) n (rate?) (95% ClI) P (95% ClI) P
Adjudicated WHO stage 3+ event 54 (3.3) 69 (4.2) 69 (4.2) 192 (3.9) .78 (.65, 1.11) 17 .79(.55, 1.12) .18
or death®
WHO stage 2 event, adjudicated 66 (4.0) 94 (5.7) 97 (5.8) 257 (5.2) .70 (.51, .96)  .026 .68(.50, .93) .017
WHO stage 3+ event, or death®
Malaria® © 63 (3.8) 49 (3.0) 465 (28.0) 577 (11.6) 1.28 (.49, 3.33) .61 14 (.07,.27) <.001
Bacterial infection® f 437 (26.4) 591 (35.9) 586 (35.3) 1614 (32.6) 74 (63, .87) <.001 .75(.64,.88) <.001
Grade 3+ adverse event® 209 (12.6) 244 (14.8) 239 (14.4) 692 (14.0) .85(.66,1.10) .21 .88(.68,1.12) .31

Column header counts are the number of randomized participants. Abbreviations: Cl, confidence interval; Pt-years, patient-years; WHO, World Health Organization.

®Incidence rate per 100 participant-years of observation through the last visit in the database.

PIncludes deaths not otherwise classified as a WHO Stage 3 + event.

°Investigator-reported WHO Stage 2 events are included because WHO Stage 2 events are not adjudicated. Deaths are included if not otherwise classified as a WHO Stage 2 event per

investigator or adjudicated WHO Stage 3 + event.

9Rate ratio Cls and P values were adjusted for overdispersion using the Pearson’s chi-square scale. Rate ratios present the rate in co-trimoxazole participants relative to participants in the

experimental group.

°Adverse event report of malaria or if no adverse event report, laboratory-confirmed malaria.

fLaboratory-confirmed bacterial infection or unconfirmed, suspected bacterial infection.
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Although prophylaxis to prevent bacterial infections and ma-
laria is appealing, its use, even in a targeted population, should
be weighed against disadvantages, including cost, toxicity, pill
burden, supply-chain demands, and antimicrobial resistance
(AMR). The WHO has long advocated for interventions to combat
AMR, including promoting judicious use of antimicrobials in the
community [24]. The WHO 2014 global surveillance report on
AMR documented the magnitude of co-trimoxazole resistance
to common community-acquired infections, including urinary
tract infections and pneumonia [25]. This reduced antimicrobial
efficacy is particularly concerning for areas where few alternative
antibiotics are available to treat infections. Co-trimoxazole pro-
phylaxis use increases AMR among enteric organisms [26, 27], as
well as to pneumococci that develop cross-resistance to penicillin
[28], but these concerns have to be balanced against preventive
effects against death and disease.

While our findings, based on a large dataset generated
from extensive follow-up, are robust, generalizability may be
limited by the strict eligibility criteria, geographically specific
disease risk, and the intensive and high-quality clinical and
laboratory follow-up the participants received. In this context
of extensive access to clinical care, infections were detected
and treated at early stages before they could progress to the
severe and even life-threatening conditions that are common
outcomes in low-resource settings. Extrapolating our find-
ings to populations without similar access to ART, HIV viral
load and CD4 monitoring and high-quality clinical care, and
with a different disease burden should be done with caution
[29-31]. An additional study limitation is the open-label de-
sign that was mitigated by blinding adjudication committee
members to treatment arm, although endpoint detection bias
by study clinicians could have influenced results and WHO
HIV/AIDS stage 2 events were not adjudicated due to the
high frequency of events and lack of objective evidence for
these diagnoses. Our diagnoses for all WHO HIV/AIDS end-
point did follow standardized diagnostic criteria and were
routinely reviewed by the supervising physicians.

In conclusion, after immune reconstitution, co-trimoxazole
prophylaxis continued to provide modest benefit in preventing
bacterial infections and malaria and was safe and well toler-
ated by adults on successful ART in Malawi. Other important
considerations that may impact decisions about co-trimoxa-
zole prophylaxis policy include the impact on AMR, ART ad-
herence, cost, and procurement. Continuing co-trimoxazole
prophylaxis may be most beneficial in areas with high malaria
prevalence and in circumstances where regular HIV viral load
and CD4 monitoring, as well as diagnostics and treatments
for acute infections, are not readily available. We suggest that
co-trimoxazole be continued in these settings, in accordance
with the current WHO recommendations. However, when rou-
tine HIV management and clinical care in sub-Saharan Africa
expands to include routine viral load and CD4 monitoring and

diagnostic testing and treatment for bacterial infections, it may
be possible to safely discontinue co-trimoxazole prophylaxis in
healthy individuals.
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