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administration to HIV-exposed, uninfected infants during
their first year of life. Our study population was 2,152 HIV-
exposed, uninfected infants enrolled in the Breastfeeding,
Antiretrovirals and Nutrition study in Lilongwe, Malawi, dur-
ing 2004-2010. All infants were breastfed through 28 weeks
of age. Antibacterial drugs were prescribed frequently (to
80% of infants), and most (67%) of the 5,329 prescriptions
were for respiratory indications. Most commonly prescribed
were penicillins (43%) and sulfonamides (23%). Factors as-
sociated with lower hazard for antibacterial drug prescrip-
tion included receipt of cotrimoxazole preventive therapy,
receipt of antiretroviral drugs, and increased age. Thus, co-
trimoxazole preventive therapy may lead to fewer prescrip-
tions for antibacterial drugs for these infants.

he global rise of resistance to antibacterial drugs has

resulted in longer illnesses, more deaths, and increased
treatment costs (/—4). Although access to antibacterial
drugs is more widespread in industrialized countries (5),
low- and middle-income countries also experience the ef-
fects of antibacterial drug resistance and contribute to its
spread (6). Because infants are more susceptible than adults
to infectious diseases, antibacterial drug administration to
infants is correspondingly higher (7,8). In sub-Saharan Af-
rica, a growing population at especially high risk for infec-
tious diseases is HIV-exposed, uninfected infants, many of
whom breastfeed (9,70).

We studied the healthcare needs and the magnitude
of antibacterial use in such populations in an underre-
sourced setting. We used longitudinal data about anti-
bacterial drug prescribing for HIV-exposed, uninfected
infants in a large randomized controlled trial of use of
maternal and infant antiretroviral therapy (ART) to pre-
vent mother-to-child transmission of HIV during breast-
feeding, conducted in Malawi during 2004-2010. Our
main objectives were to describe prescriptions for anti-
bacterial drugs for HIV-uninfected infants, in terms of
frequency of prescriptions, types of drug prescribed, and
clinical indications for use; and to identify factors associ-
ated with increased hazard for prescription of antibacte-
rial drugs for this population.

Methods

Study Enroliment, Design, and Procedures

Infants were enrolled in the Breastfeeding, Antiretro-
virals and Nutrition (BAN) randomized clinical trial in
Lilongwe, Malawi, during March 2004—January 2010
(1/1,12). The study enrolled 2,369 HIV-infected preg-
nant women >14 years of age with CD4+ counts of >250
cells/uL (>200 cells/uL before July 24, 2006) and their
infants. Enrollment was limited to infants that weighed
>2,000 g at birth and that had no condition precluding
study interventions.
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At the time of labor, all mothers received 1 dose
(200 mg) of oral nevirapine followed by oral zidovudine
(300 mg 2x/d) and lamivudine (150 mg 2x/d) for 7 days;
their newborns received 1 dose of oral nevirapine (2 mg/
kg bodyweight) and twice daily oral zidovudine (2 mg/kg
bodyweight) and lamivudine (4 mg/kg) for 7 days. Using a
factorial design, we randomly assigned eligible mother—in-
fant pairs to receive or not receive a nutritional supplement
while breastfeeding and to 1 of 3 ARV interventions to be
initiated at birth and continued for 28 weeks or until breast-
feeding cessation, if earlier. The ARV interventions were
1) daily nevirapine for the infant, 2) triple-drug ARV regi-
men for the mother, or 3) control (no treatment for mother
or infant). According to a standardized protocol derived
from the World Health Organization (WHO) Breastfeed-
ing Counseling Training Manual (/3), all mothers were in-
dividually counseled to breastfeed exclusively for the first
24 postpartum weeks and then wean rapidly during weeks
24-28. Because of overwhelming evidence of the interven-
tion’s effectiveness, we stopped enrolling participants in
the control group after we had 668 mother—infant pairs in
this group; those already enrolled were offered the choice
to switch to either of the interventions.

During the BAN study, WHO and the Malawi Minis-
try of Health released updated guidelines for prophylaxis
for HIV-infected mothers and HIV-exposed infants. To
adhere to these guidelines, daily cotrimoxazole preven-
tive therapy (CPT) was implemented for mothers (480 mg
2x/d) and infants (240 mg 1x/d) enrolled in the study as of
June 13, 2006, and for all those enrolled afterward. Infants
began CPT at their first study visit after 6 weeks of age and
continued through 36 weeks of age or until weaning was
complete and HIV infection was ruled out.

At 2,6, 12,18, 24, 28, 36, and 48 weeks, we collected
data on anthropometrics, vital signs, illnesses and hospital-
izations since the last visit, current symptoms, and physical
examination findings. Participants were advised to return
to the clinic (to which they had unlimited access) between
visits for treatment if the woman or child was ill. Medi-
cal care was provided according to the standard of care at
the study clinics, and participants were given insecticide-
treated bed nets.

Guidelines for medication prescribing in Malawi are
set by the Malawi Standard Treatment Guidelines, 4th Edi-
tion (/4), and are based on the WHO Integrated Manage-
ment of Childhood Illness Guidelines (http://whqglibdoc.
who.int/publications/2005/9241546441.pdf). We collected
data about prescriptions from the study concomitant medi-
cations log, which was abstracted from pharmacy records.
If an infant had been examined by an outside healthcare
provider, the mother was asked to report medications re-
ceived. For hospitalized participating mothers and their
infants, we obtained medical records when possible and
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included in our analysis any antibacterial drugs adminis-
tered. At study visits, patients were asked if they had taken
any medication not prescribed by study physicians, and any
such medications were recorded. As outcomes, we consid-
ered only prescriptions for antibacterial agents (Table 1);
other prescriptions, including antimalarial and antiparasitic
medications, were excluded. Prescription of CPT was not
considered an outcome.

HIV status of infants at 2, 12, 28, and 48 weeks of age
was determined by using a Roche Amplicor 1.5 DNA PCR
(https://diagnostics.roche.com). Positive results were con-
firmed by testing an additional blood specimen. The win-
dow of infection was narrowed by testing dried blood spot
specimens collected at 4, 6, 8, 18, 24,32, and 36 weeks. We
included in our analysis the 2,152 infants who were HIV
negative at 2 weeks of age; we removed from the study and
referred for care those who were not.

Ethics Approval

The BAN study was approved by the Malawi National
Health Science Research Committee and the institutional
review boards at the University of North Carolina at Chapel
Hill and the US Centers for Disease Control and Prevention
(CDC). All women provided written, informed consent for
specimen storage and laboratory studies.

Statistical Analyses

For descriptive analyses, we calculated frequencies and
medians for all exposures and covariables. Total antibac-
terial drug prescriptions are presented as frequencies and
as medians per infant and per infant-month of follow-up.
We describe frequencies of prescriptions of antibacterials
by drug class, indications, indication categories, respiratory
indication subcategories, and routes of administration. We
compare the categorical proportions of exposures, covari-
ables, and total antibacterial drug prescriptions by using x>
tests and assessed continuous variables by using the Krus-
kal-Wallis test. A Cox proportional hazards model with
recurrent events modeled as a counting process was used
to assess the hazards of antibacterial prescription by time-
dependent CPT status; ARV group; malaria season (Octo-
ber—April); nutritional study group; maternal demograph-
ics; maternal CD4+ T-cell count at delivery; log maternal
HIV viral load during pregnancy; and infant sex, birth-
weight, and categorical age (<1, 1-3, 3-6, or 612 mo). To
assess the proportional hazards assumption and determine
whether the effects of independent variables on the hazard
of antibacterial prescription varied with infant age, we in-
cluded interaction terms in Cox models. Infant follow-up
ended at death, mother’s death, or loss to follow-up. For
the 71 infants who became HIV infected after 2 weeks of
age, follow-up ended at the time of their last HIV-nega-
tive test result. The first week of life and the 5 days after
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Table 1. Antibacterial drugs used in the Breastfeeding,
Antiretrovirals and Nutrition study, Malawi, 2004—2010

Class Drug

Aminoglycoside Gentamicin

Cephalosporins Ceftriaxone
Cefuroxime
Loracarbef

Nitroimidazole Metronidazole

Amoxicillin
Ampicillin
Augmentin
Benzathine penicillin
Benzylpenicillin

Penicillins

Cloxacillin
Flucloxacillin
B-lactams/B-lactamase inhibitor Amoxicillin/clavulanate
combination
Phenicols Chloramphenicol
Quinolones Ciprofloxacin

Nalidixic acid
Cotrimoxazole
Sulfadiazine
Doxycycline
Erythromycin
Tetracycline

Sulfonamides

Tetracyclines/macrolides

prescription of an antibacterial drug do not contribute to to-
tal follow-up time, and antibacterial drug prescriptions ad-
ministered during these periods were excluded. Sensitivity
analyses excluded the 71 infants who became HIV-infected
after 2 weeks of follow-up and excluded prescriptions for
topical antibacterials.

In analyses considering time-varying CPT exposure,
infants were considered exposed from the first post-CPT
implementation (June 13, 2006) study visit at or later than 6
weeks of age. Study group is modeled as an intent-to-treat
variable. All analyses were performed by using SAS 9.4
(https://www.sas.com/).

Results

At delivery, the mothers of the 2,152 infants included in
this analysis had a median CD4+ T-cell count of 440 cells/
pL and a median HIV viral load of 16,000 copies/mL
(Table 2). Median age of the mothers was 26 years (inter-
quartile range [IQR] 22-29 years), and most had been edu-
cated through the primary (53%) or secondary (34%) lev-
els. Among infants, median birthweight was 3,000 g (IQR
2,700-3,300), and 51% were male. There were fewer in-
fants in the control (28%) than the maternal ARV (35.6%)
or infant nevirapine (36.7%) groups because of early dis-
continuation of the control group. Half of the mothers from
all 3 groups received a nutritional supplement.

Overall, 80.3% of infants received >1 prescription for
an antibacterial drug during the follow-up period. Of the
5,107 antibacterial drug prescriptions for infants during the
study, 3,437 (67.3%) were for respiratory indications, 590
(11.6%) for gastrointestinal indications, and 314 (6.1%)
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Table 2. Baseline characteristics of HIV-exposed, uninfected infants in the Breastfeeding, Antiretrovirals and Nutrition study, Malawi,

2004-2010*
Characteristic Total Before CPT After CPT p valuet
No. infants 2,152 692 (32.16) 1,460 (67.84)
Maternal education 1.0
None 245 (11.4) 81 (11.7) 164 (11.3)
Primary 1,153 (53.7) 369 (53.3) 784 (53.8)
Secondary 730 (34.0) 236 (34.1) 494 (33.9)
Tertiary 21(1.0) 6 (0.9) 15 (1.0)
Maternal CD4, cells/uLt 440 (330-582) 437 (328-596.5) 441 (330-578) 0.8

Maternal HIV viral load during
pregnancy, copies/mLt

16,045 (4,462-48,857)

17,231 (5,194.5-51,274) 15,281 (4,339-48,192) 0.2

Maternal age at delivery, yt 26 (22, 29) 25 (22-29) 26 (23-29) 0.047
Male infant 1,088 (50.6) 358 (561.7) 730 (50.0) 0.5
Infant birthweight, gt 3,000 (2,700-3,300) 3,000 (2,700-3,300) 3,000 (2,700-3,300) 0.7
Treatment group 0.002
Control 597 (27.7) 227 (32.8) 370 (25.3)
Maternal ARV 766 (35.6) 229 (33.1) 537 (36.8)
Infant nevirapine 789 (36.7) 236 (34.1) 553 (37.9)
Nutrition group 1,076 (50.0) 345 (49.9) 731 (50.1) 0.9

*Data from 6 wks after birth overall and according to baseline visit timing relative to cotrimoxazole prophylaxis guideline implementation in June, 2006.
Values are no. (%) unless otherwise indicated. ARV, antiretroviral therapy; CPT, cotrimoxazole preventive therapy.
1P values for continuous variables based on Kruskal-Wallis test.; p values for categorical variables based on the Pearson y? test.

FMedian (interquartile range).

for skin-related indications (Figure 1, panel A). Among
antibacterial drug prescriptions for respiratory indications,
66.7% were for acute respiratory infections or upper re-
spiratory tract infections, 6.8% were for pneumonia, and
26.5% were for other conditions (Table 3). The distribu-
tion of respiratory indications among antibacterial drug
prescriptions did not vary according to timing relative to
CPT implementation. Most antibacterial drug prescriptions
were for penicillins (2,132, 41.8%), sulfonamides (1,194,
23.4%), and tetracyclines or macrolides (863, 16.9%)
(Figure 1, panel B). Each of the remaining categories
(phenicols, nitroimidazoles, cephalosporins, 3 lactams/[-
lactamase inhibitor combinations, aminoglycosides, and
quinolones) accounted for <10% of prescriptions. In the
BAN study, prescriptions for amoxicillin accounted for
1,932 (37.8%) of all antibacterial drug prescriptions for
HIV-exposed, uninfected infants, followed by cotrimoxa-
zole (23.4%), tetracycline (8.7%), erythromycin (8.2%),
and chloramphenicol (6.0%). Tetracycline was prescribed
as an ophthalmic solution to treat conjunctivitis. No other
individual antibacterial drug accounted for >5% of all pre-
scriptions (data not shown). Most antibacterial drugs were
administered orally (85.0%); the rest, topically (8.0%) or
intramuscularly (5.4%) (data not shown).

More infants were enrolled after (1,460) than before
(692) CPT implementation in Malawi in June 2006 (Table
2). Median maternal age at delivery was slightly higher af-
ter CPT implementation (26 years) than before (25 years).
Because of the discontinuation of the control group, infants
born after CPT implementation were less likely to be in the
control group (p<0.001 by y? test). No other maternal or
infant characteristics differed according to CPT implemen-
tation or ARV treatment group (Table 2).
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Because more participants were enrolled after CPT
implementation, the post-CPT implementation group con-
tributed more person-time (412,697 vs. 187,865 person-
days). The median length of follow-up for infants was 336
days (IQR 255-340 days); median follow-up length did not
vary according to timing of birth relative to CPT imple-
mentation date (p = 0.09 by Kruskal-Wallis test) (Table 4).
The median number of antibacterial drug prescriptions per
infant was 2 (IQR 1-3) and was higher before (median 3,
IQR 1-5) than after (median 2, IQR 1-3) CPT implementa-
tion. The same was true for median total antibacterial drug
prescriptions per infant-month before (0.3, IQR 0.2-0.5)
and after (0.2, IQR 0.1- 0.3) CPT implementation (Table
4). Several infants were born before CPT implementation,
but only 1 was born after and received >10 antibacterial
drug prescriptions over the follow-up period (Figure 2).

Several factors were significantly associated with an-
tibacterial drug prescription according to the Cox propor-
tional hazards model. The largest reduction in hazards of
prescription was for time-varying CPT exposure (hazard
ratio [HR] 0.57, 95% CI 0.52-0.61) (Table 5). Assignment
to each of the ARV prophylaxis groups was also associated
with reduced hazard of antibacterial drug prescription (ma-
ternal ARV HR 0.85, 95% CI 0.78-0.93; infant nevirapine
HR 0.90, 95% CI 0.82-0.98). Although maternal CD4+
counts at delivery were not associated with antibacterial
drug prescriptions, log maternal HIV viral load at delivery
was; for each 1 unit increase of log maternal viral load,
hazard of infant antibacterial drug prescriptions increased
by 2% (HR 1.02, 95% CI 1.003—1.04).

Removing the 71 infants who had become HIV infect-
ed by the 2-week visit reduced the median maternal viral
load for CPT-exposed and CPT-unexposed infants but did
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not otherwise notably affect results. Exclusion of topical
antibacterial drug prescriptions did not alter any associa-
tions in the proportional hazards model (results not shown).

No maternal demographic characteristics were asso-
ciated with hazard of antibacterial drug prescription, but
infant characteristics were associated. Male sex (HR 1.09,
95% CI 1.02—1.17) and higher birthweight (HR 1.17, 95%
CI 1.06-1.28) were each associated with increased hazard
of antibacterial drug prescriptions; increasing age was as-
sociated with reduced hazard of prescriptions. Compared
with the period from birth to 1 month of age, each sub-
sequent period was associated with further reduced haz-
ard of antibacterial drug prescription (at 1-3 months of
age, HR 0.80, 95% CI 0.67, 0.95; at 3—6 months, HR 0.63,
95% C10.53, 0.76; at 612 months, HR 0.48, 95% CI 0.40,
0.58) (Table 5).

Discussion

In this study, HIV-exposed uninfected infants in Lilongwe,
Malawi, received a median of 2 antibacterial drug prescrip-
tions during the 48 weeks of study follow-up; 80%received >1
prescription during their first year of life. The main indicator
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driving these prescriptions was respiratory infections, fol-
lowed by gastrointestinal infections. The most commonly
prescribed drugs were in the penicillin class, specifically
amoxicillin. Prescriptions became less common as study
infants aged, and prophylactic CPT was associated with
a 43% decrease in antibacterial drug prescriptions to treat
infections; ARV administration to either the mother or the
infant was associated with smaller decreases (10%—15%).
Studies of recent antibacterial drug prescribing in
western Europe and Australia show rates of 0.65-0.97 pre-
scriptions/person-year for infants in the first year of life
(15-19), approximately one third to one half the rate of
prescriptions for infants in the BAN study. This finding is
perhaps not surprising, considering the higher rates of ill-
ness and death caused by infectious diseases among infants
in Malawi compared with rates in higher income countries
(20) and the even higher illness rates for infants born to
HIV-infected mothers (9). Previous research has identified
irrational prescribing of antibacterial drugs in health facili-
ties in Malawi (27), potentially contributing to the higher
observed rates of antibacterial drug use. To our knowledge,
studies using person-level data to determine antibacterial
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Table 3. Respiratory indications for antibacterial drugs prescribed
for HIV-exposed, uninfected infants in the Breastfeeding,
Antiretrovirals and Nutrition study, Malawi, 2004—2010*

Condition No. (%)
Pneumonia 234 (6.81)
Acute respiratory infection or upper respiratory 2,291 (66.7)
tract infection

Other* 912 (26.5)

*Otitis media, conjunctivitis, meningitis, sinusitis.

drug prescription for infants in low- and middle-income
countries are lacking. Antibacterial drugs were prescribed
for a larger proportion (80%) of infants in the BAN study
than in a study in Nigeria (22), although that study was
based on parent recall, which may have introduced error.
CPT for participants in the BAN study was imple-
mented in June 2006. Several analyses, using data from
the BAN study and from other studies, have shown CPT
to be associated with reduced subclinical malaria (23),
lower rates of illness and death caused by infectious dis-
eases (24-26), and reduced incidence of severe anemia
(27). The antibacterial properties of cotrimoxazole are
probably the cause of the observed association between
CPT and reduced overall antibacterial prescriptions. The
malaria-preventing activity of cotrimoxazole may also
contribute to better overall infant health and decreased
illness rates from infectious diseases, as indicated in an-
other analysis of BAN data (24). The prescriptions in
this trial were driven mostly by respiratory infections.
Reductions in antibacterial drug prescriptions associ-
ated with gastrointestinal symptoms and other indica-
tions were also observed; this finding is in agreement
with previous results from the BAN study showing as-
sociations between CPT and reduced respiratory and di-
arrheal illness (24) and with evidence that CPT prevents
a variety of infections and resulting illness and death
(28-30). Another study, however, found that CPT for

severely malnourished infants in Kenya did not reduce
respiratory or diarrheal infections, although it did reduce
malaria incidence (37).

Significant reductions in antibacterial drug prescrip-
tions, although of smaller magnitude, were associated
with use of ART by mothers during breastfeeding and
with prophylactic administration of nevirapine to infants
during 28 weeks of breastfeeding. Factors contributing to
such increases may include overall improvements in ma-
ternal health, resulting in better ability to care for their
infants, and perhaps improved immunologic or nutritional
quality of breastmilk (32,33). The reasons for the effect of
nevirapine on the infant are less clear but may be associ-
ated with the mother’s perception of her infant’s health
and need to access care. Since the conclusion of the BAN
study, Malawi has adopted the Option B+ strategy (http://
www.who.int/hiv/pub/guidelines/arv2013/en) aiming
to provide all HIV-infected persons with ART for life.
Guidelines for HIV-infected pregnant women (https://
aidsfree.usaid.gov/sites/default/files/malawi_art 2016.
pdf) have been updated to recommend that mothers con-
tinue breastfeeding for 12—-24 months and continue CPT,
both of which may lead to decreased infectious disease
incidence for the infants and resultant decreased prescrip-
tion of antibacterial drugs.

Among antibacterial drugs given for respiratory in-
dications, approximately two thirds were for acute respi-
ratory infections or upper respiratory tract infections, for
which Malawi Ministry of Health guidelines (http://www.
pascar.org/uploads/files/Malawi_STG_Hypertension.pdf)
do not support antibacterial treatment. This pattern agrees
with research on prescribing practices from Malawi and
other developing countries (2/,34,35) but also the United
States (36,37). After implementation of CPT, the pre-
scriptions described above and appropriate prescription of

Table 4. Antibacterial prescriptions and person-time of follow-up for HIV-exposed, uninfected infants in the Breastfeeding,

Antiretrovirals and Nutrition study, Malawi, 2004—2010*

Overall Before CPT After CPT p valuest
Per Per Per Per
Total Per infant- Total Per infant- Total Per infant- Per person-
Variable no. person month no. person month no. person month person  month
No. 2,152 692 1,460
Median follow- 600,562 336 187,865 337 412,697 336 0.09
up time, d (255— (226- (294-
340) 343) 339)
Prescriptions, 5,107 2 (1-3) 0.2 2,269 3(1-5) 0.3 28,38 2(1-3) 0.2 <0.0001 <0.0001
total (0.1- (0.2— (0.1-
0.3) 0.5) 0.3)
For 3,437 1(0-2) 0.1(0- 1481 2 (1-3) 0.2 1956 1 (0-2) 0.1 <0.0001 <0.0001
respiratory 0.2) (0.1- (0.0-
infections 0.3) 0.2)
For other 1,670 0 (0-1) 0 (0— 788 1(0-2) 0.1 (0- 882 0(0-1) 0.0 <0.0001 <0.0001
infections 0.1) 0.2) (0.0-
0.1)

*Overall and according to baseline visit timing relative to CPT guideline implementation (June 2006). Values are range (IQR) except as indicated. CPT,

cotrimoxazole prophylaxis; IQR, interquartile range.
1p values based on Kruskal-Wallis test for continuous variables.
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Figure 2. Distribution of HIV-exposed, uninfected infants according to total number of prescriptions for antibacterial drugs during follow-
up in the Breastfeeding, Antiretrovirals and Nutrition study, Malawi, 2004-2010. Infants enrolled A) before and B) after implementation of

cotrimoxazole preventive therapy.

antibacterial drugs declined, which could possibly be at-
tributed to reductions of malaria or better overall maternal
and infant health. In addition, recent research indicates that
pharmacies in Malawi often do not adhere to rules requir-
ing a prescription for antibacterial drugs (38), although
there are no data on administration of over-the-counter
antibacterial drugs for infants. The BAN study attempted
to record these medications, but the self-reported nature of
these data could have led to underestimation.

Maternal HIV viral load is an indicator of HIV disease
status and an indirect marker of immune status; higher
viral loads indicate more advanced HIV disease, a more
compromised immune system, and increased susceptibil-
ity to infection (39). Mothers with a higher viral load at
delivery may have had poorer overall health and increased
susceptibility to infection, potentially explaining the in-
crease in antibacterial drug prescriptions for infants of
mothers with higher viral loads. The BAN study excluded
women with CD4+ counts <250 cells/uL (<200 cells/uL
early in the study). This restriction may explain why no
association was found between CD4" counts and antibac-
terial drug prescriptions.

Our findings also showed an association of increased
antibacterial drug prescriptions for infants that were male,
had higher birthweight, and were younger. Research sug-
gests that male infants are more susceptible to most types
of respiratory infections and that these infections tend to be
more severe (40). Younger infants also have greater sus-
ceptibility to, and severity of, infectious diseases (8,47,42),
which could trigger more aggressive treatment of younger
infants. The reasons for the association of antibacterial
drug prescriptions with higher birthweight are less clear;
however, infants with the lowest birthweights (<2,000 g)
were excluded from the BAN study.
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The 13-valent pneumococcal conjugate vaccine was
introduced in Malawi in November 2011, after the conclu-
sion of the BAN study. Surveillance during implementa-
tion of this immunization program showed fewer cases of
severe and fatal pneumonia (43). This vaccine can also pre-
vent otitis media caused by pneumococcal infection (44).
The rotavirus vaccine, introduced in October 2012, also af-
ter the conclusion of the BAN study, has reduced hospital
admissions of infants for acute rotavirus gastroenteritis in
Malawi (45). The reduction of severe pneumonia may re-
duce infants’ need for antibacterial drugs, and the reduction
of rotavirus infections may limit unnecessary antibacterial
drug prescribing and generally improve infant health.

Our study has some limitations. One limitation is a
lack of reliable data about the duration of treatment with
antibacterial drugs and individual adherence. Although the
study followed Malawi national treatment guidelines, as
part of a large clinical trial that provided unlimited access
to medical care, resources may have been available to the
study clinics that are not available to clinics and persons at
large in the target population in Malawi, limiting our ability
to generalize the results. Also, we were not able to indepen-
dently verify the reliability of providers’ diagnoses used to
guide prescription of antibacterial drugs. Although we re-
quested relevant records when participants reported having
received outside medical care, some antibacterial drug pre-
scriptions may have been missed. However, because medi-
cal care was provided without charge, participants had an
incentive to use that provided by the study clinic.

There may have been unmeasured variables affect-
ing disease incidence or antibacterial drug prescribing
patterns, confounding the associations we found. Be-
cause of its time-dependent nature, the association be-
tween CPT exposure and antibacterial drug use may be
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Table 5. Cox proportional hazard ratio estimates for associations
between prescriptions for antibacterial drugs and other variables

in the Breastfeeding, Antiretrovirals and Nutrition study, Malawi

2004-2010

Factor

Hazard ratio (95% Cl)

Cotrimoxazole preventive therapy
Malaria season (Oct—Apr)

0.57 (0.52-0.61)
0.98 (0.91-1.05)

Treatment group
Maternal antiretrovirals
Infant nevirapine

0.85 (0.78-0.93)
0.90 (0.82-0.98)

Nutritional supplement

Maternal CD4+ T-cell count at delivery,
cells/uL

Maternal HIV viral load during pregnancy,
log copies/mL

Maternal age, y

1.05 (0.98-1.12)
1.15 (0.96-1.38)

1.02 (1.003-1.04)

1.01 (0.998-1.01)

Maternal education

None Reference
Primary 0.92 (0.83-1.03)
Secondary 0.99 (0.89-1.11)
Tertiary 0.93 (0.65-1.32)
Male sex 1.09 (1.02-1.17)

Infant birthweight, kg

1.17 (1.06-1.28)

Age category, mo

Birth—1 mo Reference

1-3 0.80 (0.67-0.95)
3-6 0.63 (0.53-0.76)
6-12 0.48 (0.40-0.58)

vulnerable to confounding by overall trends in popula-
tion health. However, baseline characteristics before and
after CPT implementation were broadly comparable.
Prescriptions for antibacterial drugs when such treat-
ment was not clearly indicated (e.g., fever, abdominal
pain, upper respiratory tract infections, asthma) were
included as outcomes. For these conditions, this study
lacks sufficient clinical detail on which to base a defi-
nite determination of the appropriateness of antibacte-
rial drug administration, and we thus cannot definitely
conclude how much of the reduced antibacterial drug
prescription associated with CPT resulted from preven-
tion of bacterial infections versus other factors, such as
reduced malaria or influence on clinicians’ antibacterial
drug prescribing threshold. A proportion of the reduced
antibacterial drug prescriptions for respiratory indica-
tions associated with CPT may result from a reduction
in malaria because of overlapping symptoms (46,47). In
Malawi, because study clinicians commonly do not reg-
ularly test urine without a distinct indication of a urinary
tract problem, urinary tract infections are probably un-
derrepresented as causes for prescription of antibacterial
drugs in the study population.

Our study also has several strengths. The study includ-
ed a large sample of a population whose antibacterial drug
use is underdescribed, it took advantage of the mid-trial
CPT introduction to assess CPT effects on use of antibac-
terial drugs, and it measured the effects of several factors
on prescribing of antibacterial drugs for HIV-exposed,
uninfected infants in an urban setting in Malawi. Data on

independent variables, outcomes, and illness were col-
lected systematically, and participants were followed up
actively, which is generally not possible with studies that
use administrative or surveillance data.

In conclusion, our findings indicate that antibacte-
rial drugs were frequently prescribed for HIV-exposed,
uninfected infants in the BAN study, primarily to treat
respiratory infections. Antibacterial drugs were more
likely to be prescribed for infants who were younger,
whose mothers had higher HIV viral loads, and who
were not exposed to ART. We found a strong associa-
tion between CPT and lower hazard of antibacterial drug
prescription. With the expansion of lifelong ART cover-
age in Malawi and other areas of high HIV prevalence
and the increasing availability of effective vaccines,
HIV-exposed, uninfected infants in Malawi may experi-
ence fewer infectious diseases and a resulting decrease
in prescription of antibacterial drugs. Our study provides
a useful reference point for measuring prescription of
antibacterial drugs for infants at high risk for infectious
diseases in a low-income country and for assessing the
effects of programs to improve the health of those in-
fants in Malawi.
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