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Background. Infant laboratory abnormalities have been associated with exposure to antiretrovirals
and to trimethoprim/sulfamethoxazole (TMP/SMX).
Methods. We analyzed data from International Maternal Pediatric Adolescent AIDS Clinical Trials
Group (IMPAACT) Protocol P1025, a prospective cohort study of human immunodeficiency virus type 1
(HIV)–infected women and their infants. Live-born, singleton, HIV-uninfected infants with at least 6
months of follow-up who represented the first pregnancy on study of HIV-infected mothers with at
least 1 prenatal visit, CD4 count, and viral load during pregnancy and who used at least 1
antiretroviral during pregnancy were eligible for inclusion in this analysis.
Results. The study population comprised 1524 infants. During the first 6 months of life, 7.4% of
laboratory serious adverse events (SAEs) were related to glucose, 7.2% were related to hemoglobin,
8.7% were related to absolute neutrophil count, and 4.0% were related to total lymphocyte count. The
likelihood of laboratory SAEs decreased with increasing age for hemoglobin, absolute neutrophil count,
and glucose. Infant preterm birth and current receipt of antiretroviral(s) were the factors with the
strongest associations with laboratory SAEs.
Conclusions. The overall frequency of laboratory SAEs was low and decreased with age. Preterm
infants are at higher risk of hemoglobin- and total lymphocyte count–related SAEs.

Use of antiretrovirals during pregnancy is recommended,
whether for treatment of the woman’s human immuno-
deficiency virus type 1 (HIV) infection or for prevention
of mother-to-child transmission of HIV [1]. Irrespective
of an HIV-infected woman’s use of antiretrovirals
during pregnancy, all infants of HIV-infected women
should receive antiretroviral prophylaxis during the first

few weeks of life, beginning at birth [1]. In addition, tri-
methoprim/sulfamethoxazole (TMP/SMX) for opportu-
nistic infection prophylaxis has been recommended for
infants of unknown HIV infection status from 6 weeks
of age until HIV infection in the infant is ruled out [2].
However, infant laboratory abnormalities have been as-
sociated with in utero exposure to antiretrovirals. Other
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potential adverse events related to in utero exposure to
antiretrovirals include congenital anomalies [3–7], ma-
lignancies [8–10], mitochondrial toxicity [11–19], and
preterm birth [20–32]. In addition, infant laboratory
abnormalities have been associated with infant receipt
of TMP/SMX [33]. Laboratory abnormalities associat-
ed with in utero or early postnatal exposure to antire-
trovirals include anemia, and newborns with in utero or
early postnatal exposure to zidovudine should have a
hematological evaluation [1]. Based on studies suggest-
ing other laboratory abnormalities among infants with
in utero or early postnatal exposure to antiretrovirals
[11, 34–40], some experts recommend more extensive
laboratory assessments, such as a complete blood count
with differential and hepatic transaminase assays. Use
of TMP/SMX is associated with bone marrow suppres-
sion, especially neutropenia, and severe liver damage
[33]. The objectives of this analysis are to describe labo-
ratory abnormalities among eligible HIV-exposed but
uninfected infants born to HIV-infected women en-
rolled in International Maternal Pediatric Adolescent
AIDS Clinical Trials Group (IMPAACT) Protocol
P1025 and to identify factors associated with such labo-
ratory abnormalities, including in utero/early postnatal
exposure to antiretrovirals and infant exposure to
TMP/SMX.

METHODS

IMPAACT Protocol P1025

IMPAACT Protocol P1025 is a prospective cohort
study of HIV-infected women and their infants at mul-
tiple clinical sites in the United States and Puerto
Rico. Enrollment began in 2002 and is ongoing.
Mothers were enrolled during pregnancy (�8 weeks
gestation) or within 2 weeks after delivery. Follow-up
on study continued for at least 6 months after delivery/
birth. Some infants enrolled in P1025 continued to be

followed in the Pediatric AIDS Clinical Trials protocol
219C after completion of their participation in proto-
col P1025, and HIV diagnostic testing data from 219C
were included for these infants when they were avail-
able. The primary objectives of P1025 are to assess the
effectiveness and safety of interventions for the preven-
tion of mother-to-child transmission of HIV and of
adherence to antiretrovirals by enrolled women and
infants. All women enrolled in the study provided
written informed consent for themselves and their
infants.
Study visits for infants are scheduled at birth, at 2

and 6 weeks of age, and at 4, 6, 9, and 12 months of
age. During study visits, physical examinations were
performed (except at the 2-week visit), and medical
histories were obtained. The results of laboratory tests
obtained for routine clinical care (including HIV diag-
nostic assays) were abstracted from the infant’s
medical record whenever possible. Because these
assays were obtained for routine clinical care, general-
ly the cost of these assays was not reimbursed by the
study. Thus, it was anticipated before this analysis
was begun that several laboratory assays for which
results were abstracted from the medical record would
have large proportions of missing values.

Inclusion Criteria and Definitions
for This Analysis

The study population for this analysis comprised
infants who were born to women enrolled in P1025
by September 7, 2010, who had at least 1 prenatal
visit and at least 1 CD4 and 1 plasma HIV RNA con-
centration (viral load) assay during pregnancy, and
who used at least 1 antiretroviral during pregnancy;
were live born; were singleton; had at least 6 months
of follow-up; were HIV uninfected; and represented
the product of their mothers’ first eligible pregnancy.

Table 1. Laboratory Serious Adverse Event Grading: Hemoglobin, Absolute Neutrophil Count, Glucose

Laboratory Assay (units) Age (days) Grade 3 Grade 4

Hemoglobin (g/dL) 1–7 <12 Cardiac failure secondary to anemia

8–21 <10 Cardiac failure secondary to anemia

22–35 <8 Cardiac failure secondary to anemia

�36 <7 Cardiac failure secondary to anemia

Absolute neutrophil count 1 1500–2999 <1500

2–7 750–1249 <750

8–56 500–899 <500

�57 250–399 <250

Glucose (mg/dL) 30–39 <30 or mental status changes
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The outcomes of interest were laboratory serious
adverse events (SAEs) during the first 6 months of life,
defined as grade 3 or 4 adverse events [41, 42] (or, for
total lymphocyte counts, values less than the fifth per-
centile for age and race [43]) (Tables 1 and 2), among
those laboratory assays with <20% missing values
and with at least 5% of assay results representing
SAEs. As part of the protocol, newborns had blood
glucose measurements performed on blood obtained
by heelstick prior to the first feeding. Any infants with
abnormal results had blood obtained for analysis in
the hospital’s clinical laboratory. For this analysis,
only results from the latest blood glucose measure-
ment were analyzed.
The factors considered as potential predictors of

infant laboratory abnormalities included maternal
characteristics (ie, age at delivery, education, trimester
of study enrollment, CD4 count, viral load, Centers
for Disease Control and Prevention (CDC) clinical cat-
egory, and use of antiretrovirals during pregnancy)
and infant characteristics (ie, birth weight, gestational
age, receipt of antiretrovirals, and TMP/SMX expo-
sure during the first 6 months of life). Maternal use of
antiretrovirals during pregnancy and infant receipt of
antiretrovirals and TMP/SMX during the first 6
months of life were prescribed according to the deci-
sion of the clinicians caring for the HIV-infected
woman and the HIV-exposed infant at the clinical
site. Three different strategies were employed to define
the postnatal antiretroviral and TMP/SMX exposures:
(1) cumulative duration of exposure by the time of
study visit, (2) exposure ever before the study visit,
and (3) current exposure at the time of study visit (if
subject had exposure within 7 days prior to the study
visit). The drug initiated on the same day as the study
visit time was not considered as an exposure. The clin-
ical stage of infants’ HIV-infected mothers was

classified according to the 1993 CDC revised classifi-
cation system for HIV infection [44]. Viral load was
categorized as �400 copies/mL rather than <400
copies/mL due to inconsistencies in the database re-
garding quantifier codes (< or =) and potential difficul-
ties in abstracting such codes from medical charts.
Low birth weight infants were those with a birth
weight <2500 grams. Infants born preterm were those
with <37 completed weeks of gestation at birth.

Statistical Analysis

Associations between the potential predictors and
trends in laboratory SAEs over time were modeled
using repeated measures generalized estimating equa-
tion models that account for correlations between mea-
sures within each subject. Correlations within subjects
were modeled using the exchangeable correlation struc-
ture. The parameters of the model are interpreted as
population-averaged effects on each respective labora-
tory measure over time. Similar analyses were conduct-
ed for all laboratory SAEs selected for multivariable
analyses based on prevalence distributions. First, a
crude model was fit to look at the association between
the laboratory visit time and each of the laboratory
SAEs. The other covariates of interest were then added
individually to the crude model. Variables with a P
value < .1 from these bivariable models were retained
in the final multivariable model. Due to colinearity, if
>1 of the infant antiretroviral and TMP/SMX expo-
sures (duration, ever, current) were significant in bivari-
able analyses, the covariate chosen to be included in
the final multivariable model was based on the follow-
ing hierarchy: duration of use > ever use > current use.
Adjusted odds ratios (ORs), 95% confidence intervals
(CIs), and P values were obtained from the final multi-
variable model for each laboratory SAE.

RESULTS

Of 2237 women enrolled in P1025 by 7 September
2010, 2198 women had at least 1 prenatal visit. Of
these 2198 women, 2097 had at least 1 CD4 and 1
viral load assay during pregnancy, and 2003 women
used at least 1 antiretroviral during pregnancy. Of
these 2003 women, 1982 delivered live-born infants,
of whom 1941 were singletons. Of these live-born,
singleton infants, 1684 had at least 6 months of
follow-up, of whom 1598 were HIV uninfected (the
other children were either HIV infected [n = 8] or had
indeterminate HIV infection status [n = 78]). Of these,

Table 2. Laboratory Serious Adverse Event Grading: Total Lymphocyte
Count (109 cells/L)

Age Race Fifth Percentilea

1 day White 2.16

Black 1.89

1 month White 3.50

Black 3.25

3 months White 3.50

Black 3.06

6 months White 3.59

Black 3.17

aEuropean Collaborative Study [43].
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1524 were products of their mothers’ first eligible
pregnancy on study. Therefore, the study population
comprised 1524 infants. Characteristics of these
infants and their mothers are shown in Tables 2 and 3.

At study entry, most women were asymptomatic or
mildly symptomatic (CDC category A) (81%), had

low plasma viral loads (75% had �400 copies/mL),
and had CD4 counts of� 350 cells/mm3 (67%). The
antiretroviral regimen used for the longest duration
during pregnancy was categorized into mutually exclu-
sive categories in the following hierarchy: protease in-
hibitor (PI)–containing regimens, nonnucleoside

Table 3. Characteristics of the Study Population: Categorical Variables

Characteristics Total (N = 1524), No. (%)

Maternal

Age at delivery (years) <20 97 (6)

20–34 1168 (77)

�35 259 (17)

Education <High school graduate 577 (38)

High school graduate/GED 637 (42)

>High school graduate 308 (20)

Unknown 2

Trimester at study enrollment First 13 (1)

Second 541 (35)

Third 728 (48)

Intrapartum/postpartum 242 (16)

CD4 count at entry (cells/mm3) �500 626 (41)

350–499 395 (26)

200–349 317 (21)

<200 171 (11)

Unknown 15

Plasma viral load at entry (copies/mL) �400 1131 (75)

>400 378 (25)

Unknown 15

CDC clinical category at entry A 1234 (81)

B 113 (7)

C 177 (12)

Antiretroviral regimen of the longest duration during pregnancy PI-containing regimen 1129 (74)

NNRTI-containing regimen 140 (9)

NRTI(s) only 254 (17)

NRTI + other 1 (<1)

Infant

Low birth weight No 1300 (86)

Yes 216 (14)

Unknown 8

Preterm birth No 1259 (83)

Yes 265 (17)

Antiretroviral receipt during the first six months of life Zidovudine only 1387 (91)

Zidovudine and single dose nevirapine 46 (3)

Zidovudine and lamivudine 30 (2)

Zidovudine and other 61 (4)

TMP/SMX receipt during the first six months of life No 766 (50)

Yes 758 (50)

Subjects missing measurements of characteristics are excluded from calculations of percentage.

Abbreviations: CDC, Centers for Disease Control and Prevention; GED, general educational development; NNRTI, nonnucleoside reverse

transcriptase inhibitor; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; PI, protease inhibitor; TMP/SMX, trimethoprim/

sulfamethoxazole.
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reverse transcriptase inhibitor (NNRTI)–containing
regimens, regimens with nucleoside/nucleotide reverse
transcriptase inhibitors (NRTIs) only, and other regi-
mens. Most women used PI-containing regimens
(74%), with zidovudine + lamivudine + nelfinavir (n =
327; 29%) and zidovudine + lamivudine + lopinavir/ri-
tonavir (n = 309; 27%) being the most common regi-
mens (data not shown). Of those women using
NNRTI-containing regimens, zidovudine + lamivudine
+ nevirapine represented the most common regimen (n =
94; 57%). Finally, of those women using NRTIs only,
zidovudine + lamivudine + abacavir represented the most
common regimen (n = 189; 74%). Most women used
only 1 (68%) or 2 (23%) regimens during pregnancy,
with <10% using �3 regimens (data not shown).
Fourteen percent of the infants were of low birth weight,
and 17% were preterm. All infants received antiretrovi-
ral prophylaxis, and 50% received TMP/SMX prophy-
laxis. There were no deaths among the 1524 infants in
the study population.
For the following assays, missing values represented

at least 20% of the data collected during the first 6

months of life, and the assays were therefore not con-
sidered further: potassium (20% missing), calcium
(33%), magnesium (85%), uric acid (84%), serum
gamma glutamyl transferase (95%), triglycerides
(50%), total bilirubin (20%), pancreatic amylase
(99%), cholesterol (50%), total amylase and lipase
(47%), creatine phosphokinase (46%), and CD4+

lymphocyte count (44%). Of the remaining assays,
the following had grade 3 or 4 values (or, for total
lymphocyte count, values less than the fifth percentile)
representing <5% of all values obtained during the
first 6 months of life: platelet count (0.7%), sodium
(1.4%), serum glutamic oxaloacetic transaminase
(0.1%), serum glutamic pyruvic transaminase (0.1%),
and creatinine (0%). Therefore, only the following
laboratory assays were evaluated further: hemoglobin,
absolute neutrophil count, total lymphocyte count,
and glucose (hypoglycemia).

The percentages of subjects with laboratory SAEs at
each study visit during the first 6 months of life are
shown in Figure 1. Of 1524 infants, 1259 were term
and 265 were preterm. A total of 118 infants had

Table 4. Characteristics of the Study Population: Continuous Variables

Characteristic No. Min. Max. Median (IQR)

Duration of maternal antiretroviral regimen during pregnancy (regimen of longest duration

during pregnancy) (weeks)

1524 0.29 44.86 21.43 (15.86–27.00)

Cumulative duration of infant antiretroviral receipt during the first 6 months of life (weeks) 1477 0.10 19.00 6.10 (6.10–6.40)

Cumulative duration of infant TMP/SMX receipt during the first 6 months of life (weeks) among

infants who received TMP/SMX

635 0.10 26.30 12.10 (9.90–16.10)

Abbreviations: IQR, interquartile range; TMP/SMX, trimethoprim/sulfamethoxazole.

Figure 1. Laboratory serious adverse events by time of study visit.
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Table 5. Adjusted Odds Ratios of Laboratory Serious Adverse Events

Hemoglobina Absolute Neutrophil Count Total Lymphocyte Count Glucose

Covariate OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Study visit <.001 <.001 .28 .02

Within first 7 days after birth Reference Reference Reference Reference

2 weeks of age 0.95 (.60–1.50) 0.80 (.48–1.35) NAc 0.20 (.07–.63)

6 weeks of age 0.09 (.05–.16)b 1.07 (.45–2.55) 0.90 (.58–1.40) 0.11 (.01–1.10)

4 months of age … 0.16 (.05–.54) 0.56 (.31–1.01) 0.10 (.01–.94)

6 months of age … 0.06 (.02–.23) 0.90 (.57–1.44) 0.03 (.00–.36)

Maternal CD4 count at study entry (cells/mm3) .05 .07

>350 Reference Reference

�350 1.39 (1.00–1.92) 1.40 (.97–2.01)

Maternal plasma HIV-1 RNA concentration at study entry (copies/mL) .01

1400 Reference

>400 1.63 (1.10–2.41)

Maternal clinical class at study entry .23

A Reference

B 0.93 (.51–1.70)

C 1.42 (.94–2.15)

Maternal antiretroviral regimen of longest duration during pregnancyd .02

PI-containing regimen Reference

NNRTI-containing regimen 1.43 (.75–2.71)

NRTI(s) only 1.90 (1.21–2.97)

Infant preterm birth .006 .001

No Reference Reference

Yes 1.79 (1.18–2.73) 1.90 (1.28–2.83)

Infant was currently receiving antiretroviral(s) at study visit .008

No Reference

Yes 1.99 (1.20–3.31)

Cumulative duration of infant receipt of antiretroviral(s) by study visit (weeks) 1.16 (1.01–1.32) .04 1.01 (.66–1.55) .97

Infant received TMP/SMX before the date of study visit

No Reference

Yes 0.43 (.19–.95) .04

Cumulative duration of TMP/SMX receipt by study visit (weeks) 1.09 (.99–1.19) .07

Variables with a P value < .1 from the bivariable model for each laboratory outcome were retained in the final multivariable models and were presented in this table.

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus type 1; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside/nucleotide reverse transcriptase

inhibitor; OR, odds ratio; PI, protease inhibitor; TMP/SMX, trimethoprim/sulfamethoxazole.
aNone of the infants with hemoglobin severe adverse events received TMP/SMX before the date of hemoglobin assay; therefore, the TMP/SMX exposure variable was excluded during the

model fitting procedure.
bHemoglobin assay results at the 6-week, 4-month, and 6-month study visits were collapsed due to the sparseness of event counts (1 at 4 months, 0 at 6 months).
cThere is no standard cut-off value for infants at 2 weeks of age [43]; therefore, total lymphocyte count measurements at this time point were excluded from the analysis.
dThe antiretroviral regimen was classified into 3 mutually exclusive categories following the hierarchy: PI-containing regimen >NNRTI-containing regimen >NRTI-only regimen >NRTI + other

regimen. One woman who received NRTI + other regimen was excluded from the analysis.
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grade 3 or 4 hypoglycemia during the first 6 months
of life (92 [7%] term infants and 26 [10%] preterm
infants). Within the first 7 days of life, grade 3 or 4
hypoglycemia was observed among 7.4% of infants,
but this proportion decreased significantly there-
after (1.6% at 2 weeks, 0.9% at 6 weeks, 1.2% at
4 months, and 0.6% at 6 months). A total of 124
infants had grade 3 or 4 anemia during the first six
months of life (90 [7%] term infants and 34 [13%]
preterm infants). Hemoglobin SAEs were observed in
4.8% of infants within the first 7 days of life but in-
creased in frequency to 7.2% of infants at 2 weeks of
life before decreasing significantly thereafter (1.0% at
6 weeks, 0.2% at 4 months, and 0% at 6 months).
Sixteen of the 124 infants received blood transfusions.
A total of 185 infants had grade 3 or 4 neutropenia
during the first 6 months of life (147 [12%] term
infants and 38 [15%] preterm infants). Absolute neu-
trophil count SAEs occurred in 3.9% of infants within
the first 7 days of life but increased to 4.2% at 2
weeks and 8.7% at 6 weeks before decreasing to
1.1% at 4 months and 0.4% at 6 months. None of
the infants with absolute neutrophil count SAEs re-
ceived granulocyte colony stimulating factor. Finally, a
total of 126 infants had total lymphocyte count SAEs
during the first 6 months of life (91 [7%] term infants
and 35 [14%] preterm infants). Such events were ob-
served in 4.0% of infants within the first 7 days of
life, although no infants had such values at 2 weeks of
life. However, some infants did have these low values
at 6 weeks (3.7%), 4 months (2.3%), and 6 months
(3.6%).
Adjusted ORs for laboratory SAEs (hemoglobin,

absolute neutrophil count, total lymphocyte count,
and glucose) are shown in Table 5. Reinforcing the
data shown in Figure 1, the likelihood of SAEs de-
creased with increasing age of the infant for hemo-
globin, absolute neutrophil count, and glucose
(overall P value < .001, < .001, and .02, respective-
ly). Infants whose mothers had a plasma viral load
of >400 copies/mL at study entry were more likely
to have hypoglycemia during the first 6 months of
life (adjusted OR, 1.63; 95% CI, 1.10–2.41).
Compared with PI-containing regimens, maternal
use of regimens consisting of NRTIs only was asso-
ciated with glucose SAEs (adjusted OR, 1.90; 95%
CI, 1.21–2.97). Preterm infants had a greater likeli-
hood of hemoglobin and absolute lymphocyte SAEs
(adjusted OR, 1.79; 95% CI, 1.18–2.73; and ad-
justed OR, 1.90; 95% CI, 1.28–2.83, respectively),
and infants currently receiving antiretroviral(s) were

at increased risk of hemoglobin SAEs (adjusted OR,
1.99; 95% CI, 1.20–3.31). A greater cumulative
duration of infant receipt of antiretroviral(s) was as-
sociated with a greater likelihood of absolute neu-
trophil count SAEs (adjusted OR, 1.16; 95% CI,
1.01–1.32)], but receipt of TMP/SMX was associat-
ed with a lower likelihood of such SAEs (adjusted
OR, 0.43; 95% CI, .19–.95).

DISCUSSION

In our analysis of >1500 HIV-exposed but uninfected
infants, SAEs related to hemoglobin, absolute neutro-
phil count, total lymphocyte count, and glucose were
experienced by <10% of infants at any study visit
during the first 6 months of life. The likelihood of
such adverse events decreased significantly over time
for absolute neutrophil count, hemoglobin, and
glucose (with SAEs related to total lymphocyte count
remaining� 4% at any time point). Both maternal
and infant factors were associated with SAEs (mater-
nal plasma viral at study entry, maternal antiretroviral
regimen of the longest duration during pregnancy,
infant preterm birth, and infant antiretroviral and
TMP/SMX receipt).

A major strength of this analysis is the set of inclu-
sion criteria utilized to derive the study population.
The study population of infants included only those
infants whose HIV-infected mothers had at least 1
prenatal visit, 1 CD4 count, and 1 viral load assay
during pregnancy and used at least 1 antiretroviral
during pregnancy. Of the 1524 mothers, most were
asymptomatic or mildly symptomatic, had low plasma
viral loads, and had CD4 counts of �350 cells/mm3.
All women received antiretrovirals during pregnancy
for either treatment or prophylaxis, and all infants
received antiretroviral prophylaxis. Thus, the results
of this analysis are generalizable to populations of
HIV-exposed but uninfected infants who, along with
their mothers, are receiving at least a minimum of
general and HIV-specific clinical care according to
current guidelines [1]. The fact that, due to cost con-
straints, clinical sites were not reimbursed for infant
laboratory studies could be considered a limitation of
the P1025 prospective cohort study. Clinical sites only
reported results of laboratory studies that were ob-
tained as part of routine clinical care and monitoring
of children of HIV-infected women.

The results of this analysis are reassuring in terms
of the overall low frequency of laboratory SAEs
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(hemoglobin, absolute neutrophil count, total lympho-
cyte count, and glucose) and the decreasing frequency
of such SAEs with increasing age of the infant. Infant
preterm birth and the infant’s current receipt of antire-
troviral(s) were the factors with the strongest associa-
tions with laboratory SAEs during the first 6 months
of life. The latter finding is consistent with the overall
pattern of decreasing likelihood of laboratory SAEs as
the infant ages (with infant antiretroviral prophylaxis
being most commonly administered during the first 6
weeks of life and discontinued thereafter). Prevention
of preterm birth is an overarching goal of maternal-
child health programs. Continuing efforts to achieve
this goal are essential. Preterm, HIV-exposed infants
are at higher risk of hemoglobin and total lymphocyte
count SAEs.
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