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EDITORIALS

Antiretroviral Agents — How Best to Protect Infants from HIV
and Save Their Mothers from AIDS

Hoosen Coovadia, M.D.

Preventing transmission of human immunodefi-
ciency virus type 1 (HIV-1) and caring for those
already infected are essential services in any compre-
hensive program, and enhancing the mutually ben-
eficial effect of each is an international goal.* These
reinforcing effects are clearly illustrated in the two
articles from the Perinatal HIV Prevention Trial
(PHPT) Group in this issue of the Journal. The first
report, by Lallemant et al., demonstrates the consid-
erable efficacy of a dual antiretroviral regimen in re-
ducing mother-to-child transmission of HIV-1,?
whereas the second, by Jourdain et al., evaluates the
effects of subsequent provision of highly active an-
tiretroviral therapy (HAART) to the immunocom-
promised mothers.?

In industrialized nations, the use of HAART in
pregnantwomen along with an optimal package of
interventions, including cesarean section and for-
mula feeding, has reduced the rate of mother-to-
child transmission of HIV-1 from about 25 percent
to 1 to 2 percent. In developing countries, where
HAART and complex antiretroviral regimens are un-
available and avoidance of breast-feeding is not a
realistic option, short-course zidovudine, adminis-
tered from weeks 32 through 36 of pregnancy, and
single-dose nevirapine are the most frequently em-
ployed regimens to reduce the risk of peripartum
transmission. However, owing to the breast-feed-
ing—induced loss of efficacy of these regimens, the
overall risk of transmission at 18 to 24 months re-
mains as high as 15 to 25 percent. The risk of peri-
partum transmission may be further decreased by
adding single-dose nevirapine or lamivudine*> to
short-course zidovudine. However, single-dose ne-
virapine should not be prescribed for women who
are already receiving combination antiretroviral
therapy during pregnancy, since in such women,

viral replication has been significantly diminished
by the time of delivery and, hence, the risk of trans-
mission is low.® This approach is consistent with
the data from the PHPT,? which showed that com-
bining single-dose nevirapine with short-course zi-
dovudine had the highest efficacy among women
with viral loads of at least 2500 HIV-1 RNA copies
per milliliter and CD4 cell counts of 200 per cubic
millimeter or less.

Lallemantetal. have now demonstrated in Thai-
land that adding single-dose nevirapine to a course
of zidovudine beginning at 28 weeks of pregnancy,
in women who do not breast-feed, can achieve re-
sults equivalent to the best reported from any re-
gion.? A similar short course of zidovudine had pre-
viously been established as the standard regimen
in Thailand, reducing the rate of mother-to-child
transmission of HIV-1 from 25 percent to 6.5 per-
cent.” In the current study, the rate was further re-
duced from 6.3 percent among 348 women who,
like their infants, received the standard regimen
alone to 1.1 percent among 353 women who re-
ceived the standard regimen plus a single intrapar-
tum dose of nevirapine, with a single dose of nevi-
rapine also given to their infants soon after birth.
In recently updated recommendations, the World
Health Organization (WHO) recommends this ap-
proach as the “most efficacious regimen” for the
prevention of peripartum mother-to-child transmis-
sion of HIV-1 for women who do not require anti-
retroviral treatment for themselves,® and the Thai
government has accepted this regimen as the stan-
dard of care. The rate of mother-to-child trans-
mission was 2.1 percent among 333 women who
received the standard regimen plus intrapartum
nevirapine while their infants received placebo, and
this rate did not differ significantly from the rate of
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1.1 percent among the women who, with their in-
fants, received a single dose of nevirapine.

This study showed an astonishing reduction in
the rate of presumed intrauterine transmission of
HIV-1 (as defined by a positive polymerase-chain-
reaction [PCR] assay within 72 hours after birth)
from 3.1 percent in the group of infants who, like
their mothers, were given the standard regimen
alone to 0.4 percent in the group of infants who re-
ceived the standard regimen and whose mothers
received intrapartum nevirapine. This decrease may
reflect an effect of nevirapine on virus transmitted
to the infant during uterine contractions in labor.
These data suggest that a positive PCR assay within
72 hours after birth may reflect not only intrauter-
ine transmission but also intrapartum transmission
of actively replicating virus.

One of the chief concerns regarding the use of
antiretroviral agents for the prevention of mother-
to-child transmission of HIV-1 is that the drugs in
these regimens could be less efficacious in subse-
quent pregnancies and in subsequent clinical man-
agement of the infection in the mothers or in their
infants who become infected despite prophylaxis.
The possibility of selection for HIV-1 variants that
are resistant to antiretroviral agents has been a ma-
jor worry, particularly with respect to nevirapine,
because a single mutation can induce high-level re-
sistance to nevirapine as well as to other nonnucle-
oside reverse-transcriptase inhibitors (NNRTIs).

In the study by Jourdain et al., resistance muta-
tions to nucleoside reverse-transcriptase inhibitors
(which include zidovudine) were detected 10 days
after delivery in 5 percent of mothers, and among
the women who had received intrapartum nevira-
pine, 32 percent had atleast one mutation that con-
ferred resistance to NNRTIs.3 This rate is somewhat
higher than the rates of about 17 to 19 percent re-
ported in other studies four to eight weeks after de-
livery.*° The development of nevirapine resistance
after a single dose of the drug is affected by a num-
ber of factors, including maternal viral load and CD4
cell count, making comparisons between studies
difficult.’® New NNRTI resistance mutations have
also been reported post partum in women receiving
HAART who received intrapartum nevirapine, as
well as in women who took nevirapine-contain-
ing HAART regimens during pregnancy that were
discontinued postnatally.*>*? In the HIVNET 012
study, the majority of these NNRTI mutant strains
faded and were undetectable by means of standard
resistance assays 12 to 24 months after delivery.®

However, whether these resistant mutations are ar-
chived in proviral DNA and, hence, have the poten-
tial to reemerge with reexposure to nevirapine re-
quires further study.*® In a Rwandan study, 1 of 10
women who received intrapartum nevirapine had
an NNRTI resistance mutation identified in provi-
ral DNA six weeks after delivery.**

A major question addressed by Jourdain et al.
was whether the antiretroviral agents used to pre-
vent mother-to-child transmission of HIV-1 might
compromise the efficacy of antiretroviral agents
subsequently prescribed for the treatment of HIV-1
infection in the mother. The end point of interest
was virologic failure, defined by the failure to
achieve maximal suppression (fewer than 50 copies
of HIV-1 RNA) six months after the initiation of
HAART. The study showed that at least half of the
women who received intrapartum nevirapine and
who subsequently had clinical indications for treat-
ment had a good response to subsequent nevira-
pine-containing HAART, as indicated by rates of
weight gain and increases in the CD4 cell count
thatwere similar to those among women who had
not received intrapartum nevirapine. However,
among the women who received intrapartum nevi-
rapine, those with detectable nevirapine resistance
mutations 10 days post partum were less likely to
have virologic suppression than were those with-
out such mutations. Among the 221 immunosup-
pressed women who received intrapartum nevira-
pine and who later received HAART, virologic results
were available for 188 (85 percent) after six months
of therapy, and 96 (51 percent) had virologic fail-
ure. The rate of virologic failure was highest (62 per-
cent) among the 61 women with NNRTI resistance
mutations and among those with large viral loads at
the beginning of therapy.

These findings suggest that women who receive
single-dose nevirapine alone or in combination reg-
imens for the prevention of mother-to-child trans-
mission of HIV-1 and in whom NNRTI resistance
mutations develop may be less likely than women
who do not receive intrapartum nevirapine or have
resistance mutations to have maximal viral suppres-
sionwhen NNRTI-based treatment is initiated soon
after delivery. However, we need to clarify the longer-
term clinical significance of these lower rates of
maximal viral suppression, especially given the sim-
ilar clinical improvement (weight gain) and equiva-
lent increases in CD4 cell counts in the two groups.
In addition, the success of HAART after single-dose
nevirapine may be improved by delaying treatment
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until resistance mutations have faded; in the study
by Jourdain et al., HAART was given to about half
the women within six months after delivery.

Additional studies with longer follow-up to in-
vestigate and quantify the clinical implications are
urgently required, as is research into alternative an-
tiretroviral agents for the prevention of mother-to-
child transmission of HIV-1. The problem of resis-
tance is likely to be heightened in African countries
that are introducing programs for the national pro-
vision of antiretroviral agents.®> The WHO has
plans to develop and implement systems for mea-
suring and monitoring resistance to HIV drugs. It
is important to note that higher maternal viral loads
and lower CD4 cell counts were associated with an
increased risk of resistance after the intrapartum
receipt of nevirapine. Thus, the very group of wom-
en most at risk for resistance are those who should
be receiving HAART during pregnancy. In contrast,
resistance to nevirapine is less likely to develop after
single-dose nevirapine in women who do not re-
quire therapy during pregnancy than in those who
do require therapy.

The group of immunosuppressed women who
enrolled in the Thai PHPT follow-up study consti-
tute a minority of those who attend antenatal clin-
ics in developing countries. Recent trials show that
between 6 percent and 16 percent of HIV-positive
women attending antenatal clinics in Africa have
CD4 cell counts of less than 200 per milliliter.

Improving access to antiretroviral agents in
developing countries® will increase the identifica-
tion of immunosuppressed women who qualify for
HAART. Linkage of care, treatment, and support
to programs for the prevention of mother-to-child
transmission of HIV-1 should increase the rates of
counseling and testing and can be used to identify
those who require antiretroviral treatment. HAART
will improve the mothers’ health and reduce the risk
of peripartum (and possibly postnatal) transmis-
sion of the virus, since women with advanced HIV-1
disease have the highest risk of transmitting the vi-
rus to their infants. For the majority of HIV-positive
pregnant women without a clinical indication for
HAART, alternative prophylactic regimens, includ-
ing the addition of single-dose nevirapine to the
short course of zidovudine described above, could
be chosen by national authorities.® As Jourdain etal.
themselves recognized, their results are not a rea-
son to abandon single-dose nevirapine for the pre-
vention of mother-to-child transmission of HIV-1.
Single-dose nevirapine is a regimen of striking sim-

plicity, efficacy, and affordability (reminiscent of that
of oral poliovirus vaccine). Implementation of even
this basic regimen has been hampered by failing
health systems in many countries in Africa. Over-
coming these barriers and choosing optimal anti-
retroviral regimens are therefore simultaneous pri-
orities.

Of the estimated 700,000 children who were in-
fected with HIV in 2003,2° about 315,000 were in-
fected through breast-feeding. The findings of the
PHPT Group do not address this massive burden,
and to ensure improvement in the overall rate of sur-
vival among children, the improved regimen will
have to be adapted and used by the majority of
HIV-infected women in developing countries who

breast-feed.
I am indebted to Lynne Mofenson and Marie-Louise Newell for
their helpful suggestions.

From the Nelson Mandela School of Medicine, University of
Kwazulu/Natal, Durban, South Africa.
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Increased Levothyroxine Requirements in Pregnancy —
Why, When, and How Much?

Anthony Toft, M.D.

Those with sufficiently long memories must be
somewhat bemused by the successive controversies
surrounding the treatment of primary hypothyroid-
ism, a condition viewed by many as simple, satisfy-
ing to manage, and very much within the purview of
the primary care physician, rather than the special-
ist. The development of sensitive assays for measur-
ing thyrotropin has led to a reduction in levothyrox-
ine doses; in most patients, a dose of only 100 to
125 pg daily restores serum thyrotropin levels to the
reference range, thereby satisfying the 1990 recom-
mendations of the American Thyroid Association,*
which have since been reinforced.? There is no con-
sensus, however, about whether treatment with “a
little too much” levothyroxine, resulting in a low or
undetectable serum thyrotropin concentration, is
detrimental in the long run.? Nor is there agreement
about the effectiveness of combination treatment
with levothyroxine and triiodothyronine, prescribed
inan attempt to reproduce normal thyroid secretion
more closely.* In addition, there is now concern that
even borderline maternal hypothyroxinemia early in
pregnancy may compromise fetal neuropsycholog-
ical development,® inevitably raising the prospect of
screening for changes in thyroid function in women
of reproductive age.

Early in pregnancy in normal women, as a con-
sequence of the weak thyroid-stimulating activity of
chorionic gonadotropin, serum free thyroxine con-
centrations may increase and thyrotropin concen-
trations may fall. In a small proportion of women,
gestational thyrotoxicosis is the result. For reasons
that are not entirely clear, free thyroid hormone con-
centrations then decrease as pregnancy progresses,
necessitating the use of trimester-related reference

ranges. The other important change in thyroid hor-
mone economy is the estrogen-driven increase (by
100 percent or more) in the concentration of thyrox-
ine-binding globulin, the key thyroid hormone-
binding protein. It has been determined that ordi-
narily some two thirds of circulating thyroxine is
carried by thyroxine-binding globulin and that the
proportion increases to 75 percent during pregnan-
cy.® The increased number of binding sites for thy-
roxine would result in an even more marked fall in
serum free thyroxine concentrations during preg-
nancy, unless there were a compensatory increase in
thyroidal secretion and restoration of the equilibri-
um between the free (metabolically active) hormone
and bound hormone. The raised concentration of
chorionic gonadotropin may play an important role
in this homeostasis. In pregnant women with pri-
mary hypothyroidism, however, the thyroid cannot
respond to stimulation adequately. Consequently,
there is little or no appropriate compensation for the
increased availability of binding sites on thyroxine-
binding globulin, which effectively “mops up” sub-
stantial amounts of free thyroxine.

In this issue of the Journal, Alexander et al.” ele-
gantly demonstrate the interrelated changes in thy-
roid hormone, chorionic gonadotropin, and estra-
diol concentrations in pregnant women who are
taking levothyroxine for primary hypothyroidism.
The authors not only reaffirm the need for an in-
creased dose of levothyroxine in most such women
in order to restore the preconception serum thyro-
tropin concentration,® but they also make the im-
portant clinical observation that this increased re-
quirement may be evident as early as the fifth week
of gestation — an important time for maternal pro-
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