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OBJECTIVE: Our aim was to examine maternal, obstetric, and infant characteristics of mother-to-child 
transmission of human immunodeficiency virus-1 in Nairobi, Kenya. 
STUDY DESIGN: Proviral human immunodeficiency virus-1 was detected by polymerase chain reaction in 
peripheral blood samples taken between 6 weeks and 3 months of age from 107 children born to human 
immunodeficiency virus-1 seropositive women. The association of maternal, infant, and obstetric variables 
with human immunodeficiency virus-1 transmission was examined. 
RESULTS: The mother-to-child transmission rate was 31% (95% confidence interval 21.6 to 40.2) as 
defined by the presence of proviral human immunodeficiency virus-1 in the infant. Variables associated 
with transmission in a univariate analysis included placental inflammation (7/12 in the transmitting group 
as compared with 2/22 in nontransmitters, p = 0.006), low maternal CD4 and high CD8 percentages 
(21% and 52%, respectively, in transmitting mothers and 32% and 40% in nontransmitting mothers; 
p = 0.001), and the gender of the neonate (20/29 infected neonates were female as compared with 26/65 
noninfected children, p = 0.02). Sexually transmitted diseases were found more often in transmitting 
mothers but the differences were not significant. Birth weight and gestational age were not related to 
vertical transmission of human immunodeficiency virus-l. 
CONCLUSION: Risk factors for mother-to-child transmission of human immunodeficiency virus-1 included 
chorioamnionitis, an impaired maternal immune status, and female gender. (AM J OBSTET GYNECOL 
1995; 172:700-5.) 
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Transmission of human immunodeficiency virus-1 
(HIV-1) from an infected mother to her infant is the 
major route of acquisition of human immunodeficiency 
virus (HIV) infection in children. Over a decade of 
HIV-1 epidemic, estimates of transmission remain 
highly variable and arrange between 13% and 32% in 
industrialized countries and from 25% to 48% in devel- 
oping countries. Several factors including methodologic 
and population differences, maternal HIV incidence 
rates, concomitant infections, maternal levels of vire- 
mia, obstetric interventions, and breast-feeding have 
been suggested to explain the discrepancy in vertical 
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transmission rates between different populations.1 Loss 
to follow-up is known as one of the drawbacks in 
prospective studies with a long follow-up period, par- 
ticularly in African urban areas. Therefore we preferred 
to keep the length of follow-up short and to base 
diagnosis of HIV infection in the infant on polymerase 
chain reaction (PCR) testing, which is considered as a 
reliable diagnostic test in the first months of life. 2 

This study provides information on risk factors and 
risk markers for mother-to-child transmission of HIV-1 
infection, as determined in a prospective study in 
Nairobi, Kenya. 

Patients and methods 

A prospective cohort study examining the impact of 
maternal H1V-1 infection on pregnancy outcome was 
initiated in Nairobi, Kenya, in 1989. The methods and 
results of this study have been described in detail 
elsewhere? Initially, follow-up was planned only at 2 
and 6 weeks post partum to study neonatal morbidity 
and mortality and to assess postpartum complications 
in the mother. Long-term follow-up of the infants was 
not considered because of the focus of this study on 
pregnancy outcome, because of the abundant number 
of perinatal transmission studies already ongoing in 
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Africa, and because of the financial and logistic impli- 
cations of long-term follow-up studies in urban settings 
with a high migration rate. Gradually it became clear 
that important  obstetric and maternal  information was 
missing in many perinatal  transmission studies. Fur- 
thermore, the prepara t ion  and shipment of infant 
samples for PCR testing in Antwerp became operational  
after January 1991. PCR was considered appropr ia te  
for diagnosis of HIV-1 infection in the child before the 
age of 3 months. 2' 4. ~ Therefore we decided to follow up 
the children born after January 1991 and to draw blood 
at the ages of 6 weeks and 3 months to determine 
maternal and infant characteristics of vertical transmis- 
sion without engaging in a long-term follow-up study. 
Despite the worrisome data on breast-feeding and HIV 
transmission 6 our patients were allowed to breast-feed, 
which they all did, in the absence of a safe alternative. 

The PCR was done at the Institute of Tropical  Medi- 
cine, Antwerp, Belgium, on primary lymphocytes of 
H1V-l -exposed  babies. Lymphocytes were separated 
on a Ficoll gradient  and resuspended in a lysis buffer 
with nonionic detergents at a concentration of 6.106 
cells per  milliliter and stored at - 20 ° C until use. These 
samples were incubated for 1 hour at 56 ° C with 
proteinase K to release target deoxyribonucleic acid, 
followed by inactivation of the enzyme for 20 minutes at 
95 ° C. PCR was performed in a 50 Ixl volume containing 
1.25 units of Taq polymerase (Perkin Elmer, Zaventem, 
Belgium), 200 ~mol/L of each deoxynucleoside tri- 
phosphate,  0.4 ixmol/L of each primer, 0.5 Ixg of total 
cellular DNA, 0.01% gelatin, 5 mmol/L of potassium 
chloride, and 2.5 mmol/L magnesium chloride in 10 
mmol/L tris hydrochloride buffer, pH 8.3. The reaction 
was overlaid with 2 drops of mineral oil. Nested oligo- 
nucleotide primers specific to the pol, env, and LTR 
regions of the H1V-1 virus were designed and produced 
in the Institute of Tropical  Medicine laboratory. Thirty- 
five cycles of amplification were carried out in a DNA 
thermal cycler (Perkin Elmer/Cetus, Beaconsfield, 
United Kingdom) under  the following conditions: 94 ° C 
for 1 minute, 50 ° C for 1 minute, and 72 ° C for 1 
minute. In the last round the extension step of 72 ° C 
was held for 7 minutes. One microliter of  amplified 
product  was removed to a second amplification series in 
which the inner primers were used for 25 cycles under  
the same conditions. Ten microliters of amplified prod-  
uct was loaded onto a 2% agarose gel, electrophoresed, 
and stained with ethidium bromide.  The DNA was 
visualized under  the transilluminator and photo- 
graphed.  A single PCR with primers of the [32-micro- 
globulin gene of the cellular DNA was performed on 
the samples to check the DNA availability. PCR was 
done with both pol and env pr imer  sets. In case of  
discrepancy a third PCR with the LTR set was carried 
ont. A PCR test result was considered positive if at least 

two of the primers were positive. A PCR was considered 
negative if none of  the three primers was positive and 
the /32-microglobulin was positive. In all other cases 
PCR was considered indeterminate or not valid if 132- 
microglobulin was negative. The  sensitivity of the pol 
and env pr imer  set was 93% and 69%, respectively, and 
the specificity was 100% for both pr imer  sets as com- 
pared with serology results tested on adult Kenyan 
blood samples. The LTR primer  has not yet been 
evaluated. 

Maternal blood was obtained for white blood cell 
count and lymphocyte subsets. Whole-blood samples 
drawn in ethylenediaminetetraacetic acid-containing 
tubes were used to determine helper/ inducer T lympho- 
cytes (CD4) and suppressor/cytotoxic T lymphocytes 
(CD8) by direct immunofluorescence with monoclonal 
antibodies (Becton Dickinson, California) and with two- 
color flow cytometry (Becton Dickinson). Absolute num- 
bers of CD4 and CD8 cells were calculated with the 
white blood cell count and differential count (Coulter 
Electroncis, Inc., Hialeah, Fla.) and multiplication by 
the appropr ia te  factor obtained on flow cytometry. For 
most analyses CD4 percentage was used because it 
seems to be more reliable since it is determined directly 
from flow-cytometric measurements.  7 

Odds ratios and 95% confidence intervals were used 
to measure the strength of associations and the t test 
was used to compare sample means. 

Results 

Between January 1991 and March 1992, 139 HIV-1-  
exposed children were enrolled in the prospective study 
on H1V-1 and pregnancy outcome? These mothers and 
children were invited to the research clinic at 6 weeks 
and at 3 months so that an infant blood sample could 
be drawn for PCR determination. Three children died 
in the neonatal  period. Eight mothers refused to have 
blood drawn from their children, and 21 mother-infant 
pairs were lost to follow-up. One hundred  seven infants 
had b looddrawn  (77%), only 16 of whom twice, because 
a substantial number  declined frequent blood sampling 
of their babies. Out of 107 children, 13 were classified 
as having indeterminate results on PCR testing. Out of 
the remaining 94 infants, 29 were PCR positive and 65 
were PCR negative, suggesting a vertical transmission 
rate of 30.9% (95% confidence interval 21.6 to 40.2). If 
the 13 indeterminant  samples are taken into account 
the vertical transmission rate is situated between 27.1% 
and 39.1%. Out of 16 infants who were tested twice, 5 
were PCR positive, 10 were PCR negative on both 
occasions, and one initially PCR-negative child was 
found to be PCR positive at the age of 3 months. This 
infant was considered infected for the calculation of the 
vertical transmission rate. 

Maternal and infant characteristics are summarized 



702 Temmerman et al. February 1995 
AmJ Obstet Gyneco] 

Tab le  I. Sociodemographic ,  medical ,  and behavior  characteristics o f  H I V - l - t r a n s m i t t i n g  and 

H W -  1-nont ransmi t t ing  mothers  

Maternal Transmitters Nontransmitters 95% Confidence 
characteristic (n = 29) (n = 65) Significance Relative risk interval 

Age (yr, mean and SD) 23.6 (4.7) 22.0 (3.9) p = 0.09 -- = 
Age at first sexual in- 15.5 (2.0) 16.4 (2.1) p = 0.007 - - 

tercourse (yr, mean 
and SD) 

Partners last 2 yr (No., 1.3 (0.6 1.6 (2.4) p = 0.5 - - 
mean and SD) 

History of STDs (No.) 7/29 (24.0%) 13/65 (20.0%) p = 0.8 - - 
History of blood trans- 2/29 (6.9%) 2/65 (3.1%) p = 0.7 - - 

fusion (No.) 
Malaria parasitemia 5/9 (55.5%) 9/28 (32.1%) p = 0.4 - - 

(No.) 
AIDS-related signs or 8/27 (29.6%) 16/62 (25.8%) p = 0.9 - - 

symptoms (No.) 
Genital ulcer disease 5/28 (17.9%) 2/64 (3.1%) p = 0.05 2.6 0.8-8.3 

(No.) 
Genital warts (No.) 4/28 (14.3%) 1/64 (1.6%) p = 0.06 3.6 0.6-20.9 
RPR and TPHA posi- 2/29 (6.9%) 4/65 (6.2%) p = 0.7 - - 

tive (No.) 
Neisseria gonorrhoeae 4/29 (13.8%) 1/58 (1.7%) p = 0.08 3.5 0.6-20.2 

(No.) 
Chlamydia trachomatis 1/22 (4.5%) 3/53 (5.7%) p = 0.7 - - 

(No.) 
Postpartum en- 7/25 (28.0%) 11/59 (18.6%) p = 0.5 -- -- 

dometritis (No.) 

STDs, Sexually transmitted diseases; AIDS, acquired immunodeficiency syndrome; RPR, reactive plasma reagin; TPHA, treponema 
pallidum hemagglutination. 

in Tables  I to V. Transmi t t ing  mothers  were more  likely 

to be carrying a sexually t ransmit ted  disease, part icu- 

larly genital  ulcer disease, warts, and gonococcal  infec- 

tion, a l though the differences were not  statistically sig- 

nificant. They were also younger  when they began  

sexual intercourse.  Placental in f lammat ion  was a risk 

factor for mother- to-chi ld  transmission of  H I V - 1  (Table 

II). Unfortunately,  > 50% of  the placentas were s tored 

in a locally purchased  formal in  suspension at a low 

concent ra t ion  of  formal in  and could not  be analyzed on 

arrival in the laboratory. The re fo re  the sample size did 

not  allow multivariate analysis. 

No  differences were observed in materna l  clinical 

disease stage between t ransmit t ing and nont ransmi t t ing  

mothers ,  but  the m e a n  CD4 count,  the mean  CD4 

percentage,  and the CD4/CD8 ratio were significantly 

lower in t ransmit t ing mothers ,  whereas the CD8 count  

and percen tage  were significantly higher.  T h e  m e a n  

CD4 was 21.6% in t ransmit t ing mothers  and 31.5% 

in nontransmit ters  (p = 0.001). T h e  mother- to-chi ld  

transmission rate  increased with decl ining CD4 per-  

centage  (Table IV). T h e r e  was no difference in birth 

weight,  gestat ional  age, and maturi ty score between 

infected and noninfec ted  children.  Most striking, how- 

ever, was the high p ropor t i on  o f  female  chi ldren in the 

infected group (68.9% vs 40.6%, relative risk 3.2, 95% 
confidence interval 1.1 to 9.2, p = 0.02) (Table V). 

Comment 

A vertical  HIV-1 transmission rate between 21.6% 

and 40.2% was found on the basis of  a PCR test before  

the age o f  3 months.  Most samples were taken at the 

age of  6 weeks. T h e  PCR technique as descr ibed earl ier  

is recognized  as a reliable m e t h o d  for d iagnos ing  peri-  

natal  HIV infection in the first months  of  life by several 

authors,2. 4. ~ but  an e r ro r  of  5% has to be taken into 

account.  Indeed,  1 out  of  16 infants who had two 

de terminat ions  had a positive result  only on  the second 

test ing at the age of  3 months.  As for the calculation of  

the transmission rate and the weight  of  the risk factors, 

a follow-up bias may have been  in t roduced  by the fact 

that  23% of  the infants were not  available for testing 

because of  loss to follow-up, refusal to unde rgo  blood 

sampling,  or  death.  Nevertheless,  the vertical  transmis- 

sion rate falls within the range  of  most  African studies. 

The  incidence of  per inatal  t ransmission varies between 

14% (European  Collaborat ive study) 8 and 48% (Nairobi, 

Kenya). 9 Methodologic  differences, length  of  follow-up, 

serology incidence rates, concomi tan t  infections, mater-  

nal levels of  viremia,  and breast - feeding have been  

p roposed  to expla in  the differences in vertical  transmis- 

sion rates between different  populat ions.  
Perinatal  HIV transmission is undoubted ly  a multi-  

factorial process that  can take place in utero, dur ing  

delivery, and dur ing  lacation. In  this study samples were 
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Tab le  I I .  Obstetr ic  characteristics of  H I V - l - t r a n s m i t t i n g  and H I V - l - n o n t r a n s m i t t i n g  mothers  

Obstetric Transmitters Nontransmitters 95% Confidence 
characteristic (n = 29) (n = 65) Significance Relative risk interval 

Primiparity (No.) 82/29 (27.6%) 21/65 (32.3%) p = 0.8 -- -- 
Gestational age at deliv- 38.4 (2.2) 38.0 (2.0) p = 0.4 -- - 

ery (wk, mean and SD) 
Length of labour (hr, mean 11.3 (5.3) 11.0 (9.4) p = 0.9 - - 

and SD) 
Length of ROM (hr, mean 6.6 (9.5) 2.5 (7.1) p = 0.1 - - 

and SD) 
Chorioamnionitis (No.) 6/14 (42.9%) 2/23 (8.7%) p = 0.04 7.9 1.3-47.4 
Funisitis (No.) 4/12 (33.3%) 1/23 (4.3%) p = 0.08 3.6 0.6-21.0 
Villitis (No.) 2/12 (16.7%) 0/24 (0.0%) p = 0.2 -- -- 
Any placental inflamma- 7/12 (58.3%) 2/22 (9.1%) p = 0.006 14.0 2.2-89.2 

uon (No.) 

ROM, Rupture of membranes. 

Tab le  I I I .  Hemato log ic  and immunolog ic  characteristics of  H I V - l - t r a n s m i t t i n g  and 

H W -  1-non t ransmi t t ing  mothers  

Transmitters Nontransmitters 
Maternal characteristic (n = 21) (n = 45) 

Hemoglobin (gm/L, mean and SD) 
White blood cell count (cells/ml, 

mean and SD) 
Lymphocyte count (cells/ml, mean 

and SD) 
CD4 count (cells/ml, mean and SD) 
CD4 percentage (%, mean and SD) 
CD8 count (cells/ml, mean and SD) 
CD8 percentage (%, mean and SD) 
CD4/CD8 ratio (mean and SD) 

Significance 

10.9 (1.3) 10.8 (1.6) p = 0.8 
6093 (2142) 6492 (3889) p = 0.6 

1769 (787) 1799 (653) p = 0.9 

371 (198) 550 (289) p = 0.01 
21.1 (6.8) 31.5 (9.6) p = 0.001 
921 (462) 726 (287) p = 0.04 

51.9 (8.1) 40.2 (10.6) p = 0.001 
0.5 (0.3) 0.8 (0.5) p = 0.002 

taken mainly at the age of  6 weeks. In 16 chi ldren b lood 

was drawn twice, and in one  of  t hem seroconvers ion had 

occurred  at the age of  3 months.  A vertical t ransmission 

rate of  a round  30% at the age of  6 weeks suggests a 

high in t rauter ine  or  in t rapar tum infection rate, but  

early postnatal  infection by breast  milk cannot  be ex- 

c luded in this study and may be a major  confounder .  

Theoretically,  there  is no direct  cont inuous exchange  

be tween  mate rna l  and fetal b lood  dur ing  pregnancy,  

but  passage o f  cells to and f rom the fetal circulat ion can 

take place, d e p e n d i n g  on the morpho log ic  characteris-  

tics of  the placental  barrier, which change  dur ing  the 

course of  pregnancy.  Potent ial  routes  of  in t rauter ine  

transmission include transfer of  HIV-conta in ing  mater-  

nal lymphocytes or  free virus. T h e  two placental  cell 

types that  are most  likely to be infected are the placen-  

tal macrophages  and the t rophoblasts  themselves.  Al- 

though  no placental  lesions specific for H1V infection 

have been  noted,  several authors describe h igher  inci- 

dence  rates of  placental  inf lammation,  particularly 

chorioamnioni t is ,  in H I V - l - t r a n s m i t t i n g  mothers  as 
10 12 c o m p a r e d  with H1V- l - se ropos i t ive  nontransmit ters .  - 

Mso in our  study we found a h igher  rate of  chor ioam- 

nionitis in t ransmit t ing than in nont ransmi t t ing  moth-  

ers (42.9% vs 8.7%, p = 0.04). These  findings were not  

typical for H W  infection, but  in f lammat ion  could ren-  

der  the t rophoblas t  barr ier  more  leaky and allow freer  

passage of  virus or  infected lymphocytes  to the fetus. 

T h e  clinical and/or  immunolog ic  stage of  HIV disease 

seems to be corre la ted with vertical  transmission. In the 

European  Collaborat ive study mother - to-chi ld  trans- 

mission has been  associated with an t igenemia  and a 

CD4 count  of  < 700 cells/ml. 8 In a study f rom Kinshasa, 

HIV-1 was cul tured f rom cord blood in 6 of  18 w o m e n  

with an t epa r tum CD4 counts of  < 400 cells/ml materna l  

se rum as c o m p a r e d  with none  of  19 deliveries of  w o m e n  

with CD4 cell counts > 400 (p = 0.02). As in our  study 

mother - to-chi ld  transmission of  HIV-1 increased with 

decl ining CD4 cell counts, a° Similar f indings were re- 

po r t ed  f rom Rwanda. ~3 This  could be due  to an in- 

creased viral load with advanced disease lead ing  to 

more  efficient transmission. In te rcur ren t  infections may 

enhance  HIV repl icat ion in the mother ,  thus increasing 

the risk of  vertical transmission. In our  group we found 

a t rend  toward sexuaily t ransmit ted  diseases, including 

materna l  infections with gonococci ,  genital  warts, or  

genital  ulcers, in t ransmit t ing mothers ,  which suggests 

an increased risk of  vertical t ransmission of  HIV. An 
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Table IV. Mother-to-child transmission and maternal CD4 percentage 

Maternal CD4 percentage Transmitters (No.) ] Nontransmitters (No.) Transmission rate 

10%-19% 9 4 69.3% 
20%-29% 8 18 30.8% 

> 30% 4 23 14.8% 

p = 0.002. 

T a b l e  V. Infant characteristics of HIV-l-infected and HIV-l-noninfected infants 
I 

Infant HIV-l-infected HIV-l-noninfected I 95% Confidence 
characteristic infants (n = 29) infants (n = 65) [ Significance Relative risk interval 

Birth weight (gm, mean and SD) 2984 (384) 2987 (397) p = 0.9 -- -- 
Preterm birth (No.) 5/28 (17.9%) 14/62 (22.5%) p = 0.7 - -- 
Female baby (No.) 20/29 (70.0%) 26/65 (40.0%) p = 0.02 3.2 1.1-9.2 

independent  association between mother-to-child 
transmission of HIV and multiple sexual part- 
ners was reported by the Butare group, 14 suggesting a 

role of sexually transmitted diseases in the transmission 
process. 

Surprising is the observed association between verti- 
cal transmission and the gender of the baby. Twenty of 
29 infected children were female as opposed to 26 of 65 
uninfected children. Similar findings were reported by 
the Italian Multicentre Study where 295 of 690 (42.8%) 

girls were infected compared with 269 of 736 (36.5%) 
boys, p < 0.02,15 and by the Dutch Collaborative Study 

where 8 of 9 infected children were femaleJ 6 Other 
large studies including the European Collaborative 
Study did not report this finding, s A gender factor in 

perinatal transmission is difficult to explain and might 
be due to chance. One could hypothesize that the 
perinatal mortality rate in boys, especially in HIV- 
infected boys, might be higher than in girls but this was 
not the case? A follow-up bias could play a role if girls 
were less likely to continue follow-up unless they were 
ill, but the number  of boys and girls in the follow-up was 

similar. A possible explanation could be that female 
genitalia at birth typically exhibit evidence of maternal 
estrogen stimulation with prominent  labia and a dull 
pink vaginal epithelium, resulting in a larger potential 
area of entry for the virus. If confirmed, this hypothesis 
would underline the importance of intrapartum trans- 
mission. 

Birth weight and gestational age were not confirmed 
as risk factors for vertical transmission, which is in 
agreement with the Italian Register, 15 the French Col- 
laborative study, 16 and data from Sweden, 17 whereas 

prematurity has been associated with an increased risk 
of infection in other studies.~8' 19 Further studies includ- 
ing larger numbers and combining sociodemographic, 
medical, obstetric, and infant data will be necessary to 
gain more knowledge on risk factors and risk markers 

for mother-to-child transmission. This can only be re- 
alized if different specialists, including obstetricians, 
pediatricians, immunologists, virologist, pathologists, 
and statisticians, join efforts to improve the quality of 
research in the field of perinatal transmission of HIV. 
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Gestational weight gain among average-weight and 
overweight women - What is excessive? 

Mary Edmonds Cogswell, DrPH, Mary Kathleen Serdula, MD, 
Daniel Wilson Hungerford, DrPH, and Ray Yip, MD 
Atlanta, Georgia 

OBJECTIVE: Our purpose was to determine the association between increased gestational weight gain 
and birth weight outcomes for low-income women. 
STUDY DESIGN: A total of 53,541 single, live infants delivered from 1990 to 1991 to white, black, and 
Hispanic women in eight states were evaluated. Multiple logistic regression was used to calculate risk of 
low and high (>4500 gm) birth weight, adjusting for selected factors. 
RESULTS: The association between gestational weight gain and birth weight varied by prepregnancy 
body mass index. Risk for low birth weight decreased with increasing weight gain for average-weight 
women. There was no reduction in risk for low birth weight, however, beyond weight gains of 30 to 34 
pounds for overweight women and 15 to 19 pounds for very-overweight women. Risk for high birth 
weight, however, increased with increasing weight gain in all three groups. 
CONCLUSION: Very-overweight women (body mass index > 29 kg/m 2) may benefit from an upper 
guideline of 25 pounds of weight gain to help reduce risk for high birth weight. (AM J OBSTET GYNECOL 
1995;172:705-12.) 
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Both low (LBW) and h igh  bir th weight  are associated 

with increased mortali ty and o ther  adverse outcomes.  
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LBW infants (birth weight  < 2500 gm) are five to ten 

times more  likely to die in the first year  of  life than are 

normal-bi r th-weight  infants.~ Those  infants who survive 

the first year  may exper ience  impa i red  growth and 

deve lopment .  ~ High-bir th-weight  infants (birth weight  

> 4500 gm) are more  than twice as likely to die within 

the first 28 days of  life and to have bir th t rauma or be 

del ivered by caesarean section than are normal-bi r th-  

weight  infants. -9 High-bir th-weight  infants are also more  

likely to have obesity dur ing early ch i ldhood?  Almost  
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