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Abstract

Introduction: Thelandmark Paediatric AIDSClinical Trials Group (PACTG) trial 076 showed in 1994 that antiretroviral therapy (ART)
was effective in reducing maternal-child transmission of human immunodeficiency virus (HIV). This trial included antenatal oral
Zidovudine (ZDV), intrapartum intravenous ZDV, 6 weeks of oral ZDV to the babies and no breastfeeding. Materials and Methods: This
study isan on-going, prospective, open-label trial conducted from 1995in which weenrolled HI V-infected pregnant women using theabove
strategy. Since 1997, the antenatal component of the regimen was modified to include lamivudine with ZDV. All babies had serial HIV
polymerase chain reaction (PCR) and antibody testsincluding enzyme-linked immunosorbent assay (EI A), particleagglutination (PA) and
Western blot (WB) at day 1, 1 week, 1,2,3,6,12 and 18 months. Results: A total of 16 out of 19 eligible women were recruited from 1995 to
1999. The median age was 26 years (range 22 to 38 years), 38% were Singaporeans, median CD4 was 421 cells/mL (range 18 to 713 cells/
mL) and median baseline gestational age was 23.5 weeks (range 8 to 32 weeks). None of the 16 children was infected as evidenced by 2
negative HIV PCRsincluding 1 done >4 months old with a follow-up of 6 monthsto 2 years. Therewasa statistically significant difference
between the 3HIV antibody testsat 12 months of age (P = 0.003), there being more negative resultswith WB as compared to PA (P =0.02).
However, the difference between the 3 tests at 18 months was not statistically significant. No long-term side effectsin these children were
seen. Conclusion: Although thenumber of patientsin thisstudy issmall, the absolute prevention of transmission (95% confidenceintervals
0%-17%) in this cohort supports the recommendation of antenatal HIV screening and treatment of those infected.
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Introduction transmission, 10% (n = 114) bisexual transmission, 2%
Since the onset of the acquired immunodeficiency (N = 23) intravenous drug use, 1% (n = 12) perinata
syndrome (A1DS) epidemic in the mid-1980s, the number transmission (due to missed opportunities during antenatal
of HIV-infected cases has risen sharply throughout the ~ follow-up), 0.4% (n = 5) organ transplant and 0.26%
world. Globally, 5.8 millionnew HIV infectionshavebeen (N = 3) blood transfusion. Males outnumber females 7:1.
diagnosed in 1998 with 1.2 million being diagnosed in The mgjority of the persons infected were in the 20 to 39
Southeast Asia. In Singapore, by 31 December 1999, 1136 Y€ars age group (65%, n = 740) followed by the 40 to 59
patients were reported with HIV infection, of whom 481~ Yearsagegroup (26%, n= 299). Themgjority of themales
were asymptomatic carriers, 272 AIDS cases and 383 (65%) were single, whereas 69% of the females were
deaths. Seventy-two per cent were infected through ~ Married.
heterosexual transmission, 14% (n = 157) homosexual Prior to 1994, the options available for HIV-infected
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pregnant women were limited to termination of pregnancy
or avoidance of breastfeeding upon the diagnosis of HIV
infection. The Paediatric AIDS Clinical Trias Group
(PACTG) 076 demonstrated that through the use of
antenatal, intrapartum and postnatal zidovudine (ZDV),
theHIV transmissionfrommother toinfant wassignificantly
reduced by 67%.2 Women have also increasingly opted to
using theseinterventionsto prevent perinatal transmission
to their offspring.® The clinical benefit of combination
therapy for HIV became evident from 1995 to 1996.4° In
Singapore, pregnant women are encouraged to undergo
HIV testingduring pregnancy. Thosescreened HIV-positive
are referred to the Communicable Disease Centre (CDC),
TanTock Seng Hospital for further treatment. Theobstetric
care of the pregnant woman is continued in her original
hospital or transferred to KK Women's and Children’s
Hospital. Since 1995, HIV-infected pregnant mothers in
Singapore were managed according to the PACTG 076
protocol withmodificationfrom 1997 onwards, of including
lamivudine (3TC) antenatally to the mothers.

M ethodology

Thisisanon-going, prospective, open-label trial including
HIV-infected pregnant mothers and their newborn infants.
The Ministry of Health encourages all pregnant women to
undergo HIV screening. Those screened HIV positive by
antibody testsarereferred tothe CDC, TTSH, whichisthe
national referral centre for HIV disease, for further
management. HIV-infected pregnant women were started
on antenatal oral ZDV and since 1997, on acombination of
ZDV and3TC. AttheCDC, pregnantwomenwerefollowed
up monthly with full blood counts; CD4 cell counts being
done periodicaly. At labour, the mothers were given
intravenousZDV 2 mg/kgloading over 1 hour followed by
1 mg/kg/hour until delivery. Babies born to HIV-infected
mothersweregiven oral ZDV 2 mg/kg 6 hourly (except for
1 premature baby who was given theintravenousform) for
6 weeks. Motherswere strictly told not to breastfeed but to
useinfant formulas. The HIV laboratory testswere offered
tothemothersand their newborninfantsfor early detection
of HIV transmission. Thelaboratory monitoring for babies
comprised blood specimensfor HIV nucleic acid detection
by polymerase chain reaction (PCR) and HIV antibody
detection by enzyme-linked immunosorbent assay (EIA),
Western blot (WB) and particle agglutination (PA) tests.
The blood samplings for the baby were done on day 1 of
life, 1 week, 1, 2, 3, 6, 12 and 18 months of age. The
Friedman test for statistical significance was done when
comparing the 3 different HIV antibody assays. This study
reports on patients enrolled from 1995 till 1999.

HIV Serology Tests
Plasmasamplesweretested for HIV antibodiesusing the

Abbott HIV-1/HIV-2 third generation plus EIA test
(Germany), Serodia HIV-1/HIV-2 PA (Fujirebio, Japan)
and Genelabs Diagnostic Immunoblot 2.2 (Singapore).
Themanufacturers’ recommendationswerestrictly adhered
to for all testing procedures. The Abbott EIA test is a
sandwich-based method and detects both antibodies to
HIV-1and HIV-2. Inthe SerodiaPA test, HIV-1and HIV-
2 antigens are coated onto separate gelatin beads which
agglutinate in the presence of the respective antibodies to
HIV-1 or HIV-2.8 Synthetic peptides of HIV-2 envelope
proteinand HIV-1vira lysateformthebasicingredientsin
the Genel abs Diagnostic Immunobl ot assay, in which anti-
HIV 1gG bound to the blotted antigens is detected via a
colourimetric reaction.

Detection of HIV-1 Proviral DNA

Two PCR assays were used for the detection of HIV-1
proviral DNA: the Amplicor HIV-1 test kit (Roche
Molecular System), which amplified the HIV-1 gag gene,
and an in-house nested PCR test targeted at the HIV-1 pol
gene.”® Amplified products were analysed by the
Captagene-GCN4 enzyme-linked assay (AMRAD
Corporation, Melbourne, Australia).

HIV Viral Load

The Amplicor HIV-1 Monitor Test (Roche Molecular
System) was used for quantification of HIV-1viral load. It
detectsHIV-1RNA thatispresentin EDTA-treated plasma
sample through amplification of the viral gag gene. The
test is divided into 5 major processes. Extraction of viral
RNA from plasmasample, reversetranscription of theviral
RNA to generate complementary DNA (cDNA), PCR
amplification of the target cDNA, hybridisation of the
amplified DNA to probesand detection of the probe-bound
amplified DNA by col ourimetric determination. Theresult
is expressed as copies per mL of plasma.

Results

Since 1995, 16 out of 19 eligible women were recruited
for the study. Patients were excluded if there was no
consent or if they were lost to follow-up. The maternal
demographic data, CD4 cell count and gestational age at
thestart of HIV treatment aresummarisedin Tablel. There
were 6 (38%) Singaporean mothers, 7 (44%) Thai, 1 (6%)
each of Indonesian, Cambodian and Malaysian origin. The
median age of the mothers was 26 years (range 22 to 38)
and themedian CD4 cell count was421 cells/mL (range 18
to 713 cells'mL). The duration of HIVV medications which
the pregnant women took before delivery was. <12 weeks
(minimum 2 weeks), 7 patients (44%); 13 to 27 weeks, 8
patients(50%); 28to 36 weeks, 1 patient (6 %). Themedian
gestation at the start of anti-HIV treatment was 23.5 weeks
(range 8 to 32 weeks) and the median duration of anti-HIV
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TABLE|: MATERNAL DEMOGRAPHIC DATA AND DELIVERY

PROFILE
Characteristic No. of women (%)
Age(y)
21-25 7 (44)
26-30 8 (50)
36-40 1 (6)
Year of HIV diagnosis
1995 3 (19
1996 4 (25)
1997 4 (25)
1998 4 (25)
1999 1 (6)
Nationality
Singaporean 6 (38)
Thai 7 (44)
Malaysian 1 (6)
Indonesian 1 (6)
Cambodian 1 (6)
CD4 count at HIV diagnosis (cells/mL)
<200 3 (19
201-500 7 (44)
501-800 6 (38)
Hospital of delivery of baby
KK Women's & Children’s Hospital 10 (63)
Singapore General Hospital 3 (19
Private hospitals 2 (12)
Tan Tock Seng Hospital 1 (6)
Mode of delivery
Normal vagina delivery 12 (75)
Elective caesarean section 2 (12)
Emergency caesarean section 2 (12)
Gestation at start of HIV treatment (weeks)
<12 1 (6
13-27 9 (56)
28-36 6 (38)
Birth weights of babies (g)
< 2500 (840 g) 1 (6)
2500-3000 7 (44)
>3000 8 (50)
Duration of follow-up of babies (months)
6 4 (25)
12 4 (25)
18 7 (44)
24 1 (6)

therapy was 14 weeks (range 2 to 24 weeks). During
antenatal follow-up, 7 mothers (44%) were given ZDV
alone, while 9 mothers (56%) were given acombination of
ZDV and 3TC. BaselineHIV viral loadswere availablein
7 HIV-infected pregnant women and the median viral load
was 41,118 copies/mL (range 312 to 349,083 copies/mL).

Thesitesof delivery were: 63% (10) at KK Women’ sand
Children’ sHospital, 19%(3) at Singapore General Hospital,
6% (1) at Tan Tock Seng Hospital (TTSH) and 12% (2) in
private hospitals. The only patient who delivered at TTSH
had an unexpected premature birth while she was being
treated for Pneumocystis carinii pneumonia (PCP) in the
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intensive care unit. The mode of delivery was normal
vaginal delivery in12 patients(75%) and, el ectivecaesarean
section and emergency caesarean sectionin 2 patientseach
(12% each). The reasons for the emergency caesarean
section were cephalopelvic disproportion in 1 patient (on
monotherapy with ZDV) and premature rupture of
membranes (PROM) in the other patient (on ZDV and
3TC). Complications during delivery included: PROM in
3 patients (19%), prematuredelivery in 1 patient (6%) at 29
weeks' gestation and poor progress from cephalopelvic
disproportion in 1 patient (6%). The birth weights of the
babies were 840 g in 1 patient (6%), 2500 to 3000 g in 7
patients (44%) and >3000 g in 8 patients (50%). The
median birth weight was 3060 g (range 840 to 3655). All
the babies have had negative HIV PCR to date with a
follow-up of 6 to 24 months; mean of 13.9 months. All 16
babies were confirmed to be not infected with HIV based
onthecriteriaof 2 negative HIV PCRsincluding one done
after 4 months of age. Using the Friedman test, analysis of
HIV antibody test resultsshowedthat therewasastatistically
significant difference between the 3 HIV antibody tests at
12 months of age (P = 0.003), there being more negative
WB ascomparedtoPA (P=0.02). However, thecomparison
between EIA with PA and WB was not significant (P =
0.149 and 0.183). The difference between the 3 tests at 18
months was not statistically significant (Table Il).

Of the 16 babies on follow-up, 1 had neutropenia and
thrombocytopenia (absolute neutrophils 876 cells/mm?,
platelets 57 x 10%L) but no anaemia resulting from ZDV
therapy. The mother was actualy known to be HIV-
infected even before this pregnancy but had defaulted
follow-up. She presented at 27 weeks' gestation with PCP
and a CD4 count of 18 cellsmL. This baby was born
premature at 29 weekswith abirth weight of 840 g and had
birth asphyxia (Apgar score 2 at 1 minute, 5 at 5 minutes).
This baby also had hyaline membrane disease grade IV,
patent ductus arteriosus which was closed with
indomethacin and hypothyroidism on replacement L-
thyroxine. Thebaby’ sintravenousZDV wasadjusted from
1.5mg/kg8hourly to 12 hourly because of thehaematol ogic
complications; nonetheless, she completed 6 weeks of
intravenous ZDV. There were no other haematologic side
effectsin the rest of the babies.

Discussion

Thisstudy of 16 mother-child pairsshowed 100%efficacy
(95% confidence interval 0%-17%) in the prevention of
HIV perinatal transmission. Antenatal screening of HIV is
essential for early therapeutic intervention. Several risk
factors for increased risk of HIV perinatal transmission
havebeenidentifiedincluding: prematurebirth <37 weeks
gestation, prolonged rupture of membranes >4 hours,
advanced clinical HIV disease, direct exposure of thefetus
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TABLE II: RESULTS OF HIV ANTIBODY SEROREVERSION IN CHILDREN

Age Antibody test Reactive Non-Reactive HIV PCR Positive Negative

6 months EIA 16 0 HIV-gag 0 16

(n=16) PA 16 0 HIV-pol 0 16
WB 16 0

12 months* EIA 6 5 HIV-gag 0 11

(n=11) PA 10 1 HIV-pol 0 11
WBT 2 9

18 months** EIA 1 6 HIV-gag 0 7

(n=7) PA 1 6 HIV-pol 0 7
WB 0 7

*  There was a Statistically significant difference in reactivity between the 3 HIV antibody methods at 12 months of age
(P = 0.003). Post-hoc analysis showed that Western blot (WB) showed significantly more negative results as compared to PA
(P =0.02). Comparison between enzyme-linked immunsorbent assay (EIA) with particle agglutination (PA) and WB was not

significant (P = 0.149 and 0.183)

** There was no statistically significant difference in the 3 HIV antibody tests at 18 months of age.
T Western blot results: “Reactive” represents WB positive, “Non-reactive” represents WB negative or indeterminate. All babies
were WB positive from day 1 of life; they later became WB indeterminate or negative.

to maternal blood during delivery, chorioamnionitis and
maternal viremia.>**In addition, maternal viral load also
correlates with HIV vertical transmission.’®® Although
higher rates of transmission have been associated with
higher plasma viral loads, there is no threshold value of
viral load which can distinguish transmitters from non-
transmitters.’” Therefore, it is important to reduce the
maternal viral load as far as possible and this can be
achieved with theuseof combination antiretroviral therapy
(ART).®® The rate of transmission can be reduced
substantially from 25% to 8%?2 with ZDV aone and with
elective caesarean section, afurther reductionto 2 %.%° In
a breastfeeding cohort, the cumulative risk of HIV
transmission was approximately 40%.Y Twenty per cent of
transmission occurred close to or at the time of delivery,
15% from breastfeeding and 5% in utero transmission.?
Thefollow- up report of the PACTG 076 cohort suggested
that ART waseffectiveinreducing HIV transmission even
if started intrapartum or postpartum compared to placebo.®
Theratesof HIV transmissionwere6%if ZDV wasstarted
anytimeantenatally, comparedto 10%if startedintrapartum,
9% if started intheneonatewithin 48 hoursof delivery, and
18% if started in the neonate after 72 hoursof delivery.?In
our study, perinatal HIV transmission was prevented in 1
patient treated briefly for 2weeksbeforedelivery followed
by postnatal treatment to the baby.

Recent short-course ART trias for preventing perinatal
transmission have included ZDV monotherapy from 36
weeks' gestation, intrapartum ART with or without any
postnatal medication to their children,?* short courses of
combination of ZDV and 3TC?»?% or stavudine and
didanosine.® However, these short course protocols have
had an efficacy rate of 37% to 50% as compared to the 67%
efficacy of the PACTG 076 protocol. The best efficacy
rates (50%) of these short-course studies were seen in a

Thai study inwhich the mothers were given ZDV from 36
weeks' gestation until labour; no post-natal treatment was
given to this non-breastfed cohort.?2 To date, no long-term
side effects have been associated with in utero exposureto
ZDV in most studies.?®*3' However, there has been arecent
French report of possible mitochondral toxicity occurring
in 0.45% (8 out of 1754 infants) of children exposed to
antenatal and post-natal ZDV aoneor together with 3TC.*2
To date, this finding has not been substantiated in the US
trials after examination of 353 deathsin more than 20,000
HIV-exposed children with and without retroviral drug
exposure.® Other studies have shown no short-term side-
effects and minimal perinatal transmission using
combination therapy including protease inhibitors.3+36
Another drug of interest in the prevention of perinatal HIV
transmission is nevirapine. A simple regimen of asingle
dose to the mother during labour and within 72 hours of
delivery to the newborn has been shown to be effectivein
reducing therate of HIV transmission by 50%.%” However,
itslong-term side effectsare unknown. Inthelocal context,
nevirapinemay serveasagood drugin situationswherethe
maternal viral load remains high despite combination of
ZDV andlamivudineor for womenwho present late. Inthis
study, none of the children with a mean follow-up period
of 13.9 months had any long-term clinical sequelae from
ART. Onechildhad vesico-ureteric reflux and urinary tract
infectionwhichwasunrelated to hisanti-HIV medications.
Thebenefitsof ART inpreventing HIV transmissioninour
local setting outweigh the potential risk of mitochondral
toxicity as noted in the French study.

Routine practice of elective caesarean section in
preventing HIV perinatal transmission is debatable. Most
studies on caesarean section were done before the era of
highly active antiretroviral therapy (HAART) and were
not randomised.®®*® The only randomised European tria
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comparing normal vaginal delivery to elective caesarean
section showed that there was areduced transmission with
elective caesarean section; however, the benefit was not
statistically significant if the pregnant women were already
onART.* A renowned editorial review recently commented
thatinorder toreducetherateof transmissionhypothetically
from 4 % to 0.8%, one would have to do 29 elective
caesarean section in order to prevent asingle case of HIV
infection in the child.** The benefit of elective caesarean
section may be offset by a 3 to 6 times increased risk of
postoperative complications as compared to normal
delivery, especialy in patientswith low CD4 countsand in
developing countries where postoperative care may be
inadequate.®**® In our study, 75% of the mothers had
normal vaginal delivery including 2with prematurerupture
of membranes(duration of PROM: 12.5and 37 hours). The
2 patients who had elective caesarean section at private
hospitalshad fairly good CD4 cell counts (CD4: 401 cells/
mL, noviral load done and CD4: 292 cells/mL, viral load:
5618). In our local context, the role of elective caesarean
sectionisprobably limited to the cases where the pregnant
women have high HIV viral load despite combination
therapy and/or if the pregnant women refused to take ART
medications. All pregnant women are counselled at the
CDC and are given the option of an elective caesarean
section in consultation with their obstetrician.

A total of 135 HIV-infected women were diagnosed by
the end of 1999; of these, 80% were detected in the last 5
years.'These figures serve as a reminder to medical
practitionersnot to be complacent about standard infection
control precautionsandto cultivateroutinerecommendation
of HIV screening for al pregnant women. In a recent
questionnaire survey on attitudes of obstetriciansat alocal
hospital, it was found that only 44% of obstetricians
offered the HIV test to their patients; even fewer would
provide pre-test (17%) or post-test (19.5%) counselling.*
Thisstudy hasproventhat thevertical transmission of HIV
from mother to child can be prevented through ART (95%
confidence interval 0%-17%). The authors strongly
recommend routine offering of antenatal HIV screening
together with counselling servicesto all pregnant women.
ART can then be offered to those who are HIV-infected,
thereby reducing the rate of transmission from mother to
child.
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