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To the Editors:

Animal1,2 and human3 laboratory studies have suggested a possible etiologic association
between in utero nucleoside analogue (NA) exposure and mitochondrial toxicity in HIV-
uninfected children born to HIV-infected women. However, epidemiologic studies of
children with clinical signs of mitochondrial dysfunction (MD) are limited, and confounding
of an etiologic association cannot be disregarded.4,5 We conducted a study to estimate the
association of in utero NA exposure and potential confounders and MD in the International
Maternal Pediatric Adolescent AIDS Clinical Trials Group protocol P1025, a multisite US
cohort of HIV-infected women and their infants.

The study population included HIV-uninfected or indeterminate infants born on or before
November 1, 2006. This date restriction was used to allow 6 months of follow-up to evaluate
the persistence or resolution of possible signs of MD at the time data were frozen for review.
P1025 visits were conducted during routine prenatal and pediatric visits. Infant visits were
scheduled at birth, 2, and 6 weeks of age, and at 4, 6, 9, and 12 months of age. Data were
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primarily abstracted from medical records of routine clinical care, and were supplemented
by certain focused assessments including infant physical and neurological examinations, and
Bayley neuropsychological testing. To identify possible or established cases of early MD
according to the Enquête Perinatale Francçaise (EPF) screening definition, a retrospective
review of clinical data recorded on protocol case report forms were performed by clinicians
blinded to in utero exposures.4

The Fisher and Wilcoxon exact tests were used to assess differences in characteristics of
cases and noncases. The Jonckheere–Terpstra test was used to estimate changes in maternal
HIV viral loads by year of birth. A priori potential confounders of the association between in
utero NA exposure and MD included timing of maternal prenatal care initiation, year of
birth, preterm birth, neonatal zidovudine (ZDV) prophylaxis, maternal HIV viral load, and
in utero alcohol, tobacco, cocaine, heroin, and prescription methadone exposure. Maternal
HIV viral loads were defined as the highest recorded measurement in each trimester and
overall during pregnancy. In utero NA exposure was categorized as exposure to any NA, to
individual NAs, and to lamivudine/ZDV (3TC/ZDV); we only considered NAs that an infant
with possible MD was exposed to.

As of November 1, 2006, 989 live born infants were delivered by 939 women in protocol
P1025; 34 women enrolled for more than one pregnancy and there were 16 sets of twins.
Five infants were HIV infected and excluded; 936 HIV uninfected and 48 indeterminate
infants comprised the study population. Infants were followed to a median of 43 weeks of
age (interquartile range [IQR]: 27, 51) in protocol P1025; 231 infants who subsequently
enrolled in another study, Pediatric AIDS Clinical Trials Group protocol 219C, were
followed to a median of 105 weeks (IQR: 57, 155).

Of the 984 infants in the study population, 125 were identified through computerized
database screening as having a sign of MD. Upon clinical review of the medical histories of
the 125 infants, 111 were classified as having clinical signs inconsistent with MD. Four
infants were classified as having sudden infant death syndrome, and 7 were classified as
having mental developmental delay only. Although these latter 2 groups of infants met the
EPF screening criteria, the reviewing clinicians did not judge the infants as having possible
MD without additional clinical manifestations given the higher background rate of sudden
infant death syndrome and of cognitive delay in high-risk, low socioeconomic
populations.6–9 Two infants were possible cases, one with motor and mental developmental
delay and a later diagnosis of autism, and one with truncal hypotonia and repeated
hospitalization for epilepsy, and one case was established through mitochondrial studies.10

The prevalence of possible MD was 0.30% (95% confidence interval: 0.06% to 0.89%).

Possible and established cases (N = 3) were significantly more likely to be born in earlier
years (all born in 2003) than noncases (N = 979, born in 2002–2006), P = 0.02. Among
infants with maternal HIV viral loads recorded, the log median maternal HIV viral load
during the first trimester was significantly higher among cases [N = 2, 5.2 (IQR: 4.6, 5.7)]
than noncases [N = 355, 3.2 (IQR ≤ 2.6, 4.1), P = 0.01]. The maternal HIV viral load of the
established case was 187 copies/mL at the time of the maternal HIV diagnosis early in the
second trimester]. No significant difference in the distribution of other potential confounders
was detected. Overall, peak maternal HIV viral loads in the first and second trimesters
significantly decreased with increasing year of delivery (Fig. 1). No significant difference
was observed in peak maternal HIV viral load in the third trimester by year of delivery: half
of all women were below the limit of detection of 400 copies/mL in 2003 through 2006. We
did not detect any significant differences in the in utero NA exposure of possible cases and
noncases (Table 1).
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Few infants in our study had confirmed MD, although the prevalence of 0.30% was higher
than that of 0.01% in the general pediatric population.4 Unadjusted results from the EPF
suggested that this increase might be due to combination NA exposure, and findings from
the Pediatric AIDS Clinical Trials Group 219/219C study suggested that it might be due to
first 3TC or 3TC/ZDV exposure in the third trimester.5 In this latter study, confounding
from year of birth was evident, and possible confounding from maternal drug use and HIV
viral loads was suggested. Our study also provides evidence of confounding of the
association between NA exposure and MD: possible cases were significantly more likely to
be born in earlier years than noncases, and median maternal HIV viral load—which is
associated with antiretroviral use that has changed over time11—in the first trimester was
significantly higher among cases than noncases. Further, first and second trimester maternal
HIV viral loads decreased with increasing year of delivery overall. Laboratory studies have
shown HIV-uninfected infants have depletions in mtDNA without in utero ARV exposure.12

Our study was limited by a small number of cases, which precluded a multivariate analysis
of the association between in utero NA exposure and MD. Further, our findings could
substantially change if additional cases with different profiles were identified. Screening for
MD in our cohort was difficult due to the high background rate of related clinical conditions,
and infants with transient abnormalities were not considered cases. Future studies should use
a rigorous case definition and control of potential confounders identified in our study.
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FIGURE 1.
Median maternal log10 plasma HIV viral load by year of delivery of 974 infants in protocol
P1025*. *Includes the highest maternal HIV RNA measure available per pregnancy period.
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