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In order to analyse temporal trends in vertical transmission )

rates of human immunodeficiency virus (HIV) and deter-  Introduction

minant of congenital HIV infection in Italy, we have  The rate of vertical transmission of human immunodeficiency
considered data from a network of hospitals co-operating virus (HIV) in Europe is declining. Studies in the mid-1980s

in the Italian Collaborative Study on HIV infection in reported a 25-30% incidence of congenital HIV infection, but
pregnancy, conducted between 1988 and 1995. A total of surveys in the early 1990s have found a 10-15% mother-to2
1040 women entered the study. The HIV-1 status of the child transmission rate (European Collaborative Study, 19942
babies was known in 848 cases (81.5%). Transmission rates 1996; European Collaborative Study and the Swiss HIV g
were highest in the period 1988-1991, then tended to Pregnancy Cohort, 1997; Maguiet al., 1997; Byerst al., Q
decrease and in 1995 the rate was 9.7 per 100 children 1998). This decline may depend on the changing characteristicg
(this finding, however, was based on only six infected of the population of HIV-infected pregnant women, with an g
children and the trend was not statistically significant).  increase in women with asymptomatic disease, or on changeg
Considering the overall series, the risk of vertical HIV  in obstetric management with interventions aimed at reducingg
transmission was higher in women with low CD4 count in  the vertical transmission of the virus. Some studies have‘i
pregnancy [odds ratio (OR) <400 versus=400 1.8, 95% indicated that delivery by Caesarean section reduces the
confidence interval (Cl) 1.1-2.9]. In comparison with incidence of congenital infection (Duret al., 1994; European
vaginal delivery the risk of transmission was 0.3 (95% CI  Collaborative Study, 1994) and a randomized trial found thatZ:
0.1-0.5) and 0.6 (95% CI 0.3-1.2) respectively for elective giving zidovudine to the mother reduced the risk of transmis- g
and emergency delivery. In comparison with women who sion by 70% (Connoet al., 1994). The encouraging results =
delivered at term (=37 gestation weeks) the OR of HIV  of these studies may have led to an increased number og
infection of the babies for the whole series was 2.2 (95% women with HIV being delivered abdominally or receiving =
Cl 1.3-3.6) in women who delivered preterm. Similar  prophylactic antiretroviral therapy (Kinet al., 1998).

findings emerged when the analysis was conducted con- In this paper, we analyse the temporal trends in the rate of§
sidering, separately, subjects observed in the period 1988- vertical HIV transmission in Italy by looking at a data set of o
1991 and 1992-1995. The frequency of Caesarean section over 1000 pregnant HIV-positive women collected retrospect-g
increased from 26.5% of deliveries in 1988—-1991 to 36.2% ively (1988-1990) and then prospectively (1990-1995) by af,
in 1992-1995. Consequently, most temporal differences multicentre study group (ltalian Collaborative Study), which ;
disappeared after standardization for mode of delivery, included 13 major obstetric departments. The data on thiss
but the rate in 1995 was still lower than in 1988-1994. large number of women provides an opportunity to evaluate

the changes in the characteristics of the HIV-infected obstetric

population and the impact of obstetric management in different
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Div. O.G. (U.Bianchi); Brescia, Spedali Civili, Dip. Materno Infantile Materials and methods

(E. Prati, M.Lomini); Firenze, Policlinico Careggi (G.Massi, Between January 1988 and June 1995 we studied consecutive HIV
T.A.Innocenti); M”arlllo’ Ospedale S. Papl'o (A.E.Semprini, M.Ravizza,infected women who delivered singleton live babies in 13 obstetrics
C.Castagna, M.Della Torre, G.Pardi); Milano, Ospedale Saccenartments in Italy (Obstetrics Departments of Bari, Bologna,

(M.Conti, M.L.Muggiasca, E.Ghetti); Milano, Istituto Clinici . . ) : . -
Perfezionamento (M.Vignali, A.Bucceri); Napoli, Istituto O.G. Brescia, Firenze, Napoli, Padova, Pavia, Turin, Roma — Gemelli, La

(U.Montemango, P.Martinelli); Padova, Istituto O.G. (L.Di Lenardo, S@Piénza—Milan —Mangiagalli, S. Paolo, Sacco). Data were collected
A.Russolo); Pavia, Policlinico S. Matteo (C.Zara, A.Spinillo); Roma, " general risk factors, clinical and obstetric data during antenatal
Policlinico Umberto | (A.Pachi G.Scaravelli); Roma, Universita visits and hospital stay for delivery. Information was recorded about
Cattolica (S.Mancuso, M.De Santis, P.Villa); Torino, Universita delivery, vaginal, elective or emergency (i.e. during labour, regardless
(C.Benedetto, C.Tibaldi, N.Ziarati) of the status of membranes) Caesarean section, and the neonate (birth
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Vertical HIV transmission in Italy

weight, sex, gestational age). Data were collected on use of intravenous
drugs (heroin) and antiretroviral drugs (zidovudine) in pregnancy. Table I. Frequency of HIV infected and uninfected children born in 13
The diagnosis of maternal HIV infection was based on HIV obstetric departments in Italy, 1988-1995 calendar year. Italy 1988-1995

antibody status_by ELISA and Western blot commercial kits. MothersCaIendar year Infected Non-infected
were characterized by the CD4Wmphocyte count, done close to No. (% of total no.) No.
delivery (mostly during the third trimester of pregnancy). Lymphocyte
counts have been available for all women since 1989. 1988 16 (15.7) 86

If a woman delivered more than one baby in different pregnancie 989 gé (};'? 1?)2
during the study period, only information regarding the first singleton; gq¢ 23 §18:8§ 99
livebirth was considered. 1992 17 (14.4) 101

A total of 1040 women entered the study (mean age 26 years}993 16 (13.6) 102
range 16-44). At the time of data analysis, the HIV-1 status of thel994 10 (13.3) 65
babies was known in 848 cases (81.5%). Infants were not breast fe&?’g? 6047 56

They were followed up till 18 months. Children were monitored for apata from January to June.

signs and symptoms of possible HIV-related illness. Serological tests

(ELISA and Western blot commercial kits) were repeated at 12 and

18 months. A child was classified as HIV infected if he/she fulfilled distribution of the risk factors among infected children and on the

one of the following conditions: (i) positive serological test at 18 ,;,sted OR associated with each risk factor. Provided that unbiase
months or mc?“_—‘; (i) dev_e_loped clinical signs and symptoms or diedOR estimates are obtained and that the infected children can b
because of clinical conditions related to AIDS before 18 months. ;55 med to be representative of all cases in the population in term§
A total of 573 cases was included in previous analyses (Europeagy oynosure distribution, this method can be applied. It has to be=
Collaborative Study, 1994). noted that, whenever risk factors are not mutually exclusive, theirg
] combined attributable risk will differ from the simple sum of the
Data analysis attributable risks of each factor.
We computed the vertical HIV transmission rate per calendar year
from 1988 to 1995, using the number of infected children as numerator
and the total number of children with known infection status asResults
denominator. Table | shows the HIV mother-to-child transmission rate
To take account in the analysis of temporal trends in vertical HIVaccording to calendar year. Rates were highest in the perio
transmission rates, changes in clinical characteristics and mode ‘1f988—1991, then tended to decrease, and in 1995 the rate was
delivery, rates were directly standardized according to €bunt ; s - 2
(<400, =400), gestational age at delivery<87, =37 weeks), and 9'7- per 100.ch|Idren (@ finding based on. qnly SIX- |n.f(.acted S
) ) ‘ . . children). This trend, however, was not statistically significant. 2
mode of delivery (vaginal delivery or Caesarean section), taking the In order to analyse determinants of vertical HIV infection <

population of 1988 as reference. L . -
To analyse details of the risk of HIV vertical transmission, we rates in different calendar periods, we analysed the potential

computed the odds ratios (OR) of the association between severHSK factors for mother-to-child HIV transmission in the overall &
factors and the infant's HIV serological status, together with theirSeries and in strata of the quadrennia 1988-1991 (transmissioff
95% approximate confidence intervals (Cl), by the Mantel-Haenszdlate of 17.5/100 children) and 1992-1995 (13.1/100 Children)é
procedure (Mantel and Haenszel, 1959). When a factor could be The distribution of maternal characteristics according to 5
classified in more than two levels, the statistical significance of thénfection status of the children and calendar year is considere P
association was assessed by xfietest for trend (Mantel, 1963). To in Table II. Considering the overall series, the risk of HIV 2
account simultaneously for the effects of several potential confoundingertical transmission was higher in women with low CD4
:Ct‘?rr: n‘:VT_kgf_ﬁgoc‘;”f_ct?_:d'“?oni'bg_”'“g's ;%S:';e_reg;erzs'oghd",v'thcount in pregnancy (OR-400, versus=400 1.8, 95% Cl 1.1—
aximum likeli itting, in ir corresponding T :
95% CI (Breslow and Day, 1980). Included in the regression Were|2n.gs?fritlgng?rtzg(jtugsqirgs:gﬁgighen the analysis was conducte
terms for the factors significantly associated with the risk of mother- . s . .
to-child HIV infection in age-adjusted analysis conducted considerin% Tablt_a ”! considers obstetric fagtors and risk of v_ertlcal HIV
the whole data set. ransmission. The mode of delivery and gestational age at
We also Computed the proportion of HIV infected children attribut- bll’th were a.SSOCiated W|th the I’iSk Of Vertical transmission. In
able to factors statistically associated with the risk of mother-to-childcomparison with vaginal delivery, the risk of transmission was
infection. The attributable risk percentage (aetiological fraction,0.3 (95% CI 0.1-0.5) and 0.6 (95% CI 0.3-1.2) respectively
attributable fraction), representing the proportion of infected childrenfor elective and emergency delivery. The estimated OR tended
in this study that would not have occurred if the effect(s) associategg be lower in the calendar period 1992-1995, with estimated
with the risk factor(s) of interest was/were absent, is a useful measur®R of respectively 0.4 and 0.2 for elective Caesarean delivery

of public health and prevention relevance. The attributable risk forin the period 1988-1991 and 1992-1995 and 0.9 and 0.3 for
any given set of risk factors can be computed using the multivariat@er,nergency delivery ' '

relative risk estimates and the distribution of these factors among In comparison with women who delivered at term (=37

HIV infected children only. . K h f infecti fth ies f
Thus, using the multivariate relative risks, population attributableges’tatlon weeks), the OR of HIV infection of the babies for

risks were computed for each separate factor, and the factors combind#€ Whole series was 2.2 (95% Cl 1.3-3.6) in women who
using the method described by Bruztial. (1985), which provides delivered preterm; the estimated OR were 1.6 (95% CI 0.8—

a summary attributable risk (AR) for multiple factors, after allowance3.0) and 3.4 (95% CI 1.5-7.8) respectively for the periods
for confounding. The method requires information only on the joint1988-1991 and 1992-1995. No association emerged between
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Table II. Distribution, and corresponding odds ratios, of HIV infected and uninfected children according to selected maternal characteristics and calendar

period, Italy 1988-1995

Total 1988-1991 1992-1995

No. infected (%) OR (95% ClI) No. infected (%) OR (95% CI)

Total Total
Risk group
Intravenous drug use 49 (14.8):332 a 29 (13.3):218 b
Heterosexual transmission 22 (24.7):89 - 12 (12.9):93 -
Other or unknown 12 (22.2):54 - 8 (12.9):62 -
Maternal age (years)
<30 1+ 66 (17.0):388 1+ 27 (11.3):238 ¥
=30 1.2 (0.8-1.9) 16 (21.1):76 1.3 (0.7-2.4) 20 (16.4):122 1.3 (0.7-2.5)
Zidovudine use in pregnancy
No 1+ 80 (17.5):457 1+ 44 (13.5):326 1+
Yes 0.7 (0.3-1.4) 3(16.7):18 0.8 (0.2-3.2) 5 (10.6):47 0.6 (0.2-1.7)
CD4+ count
=400 1+ 34 (13.9):245 1+ 12 (10.3):116 1+
<400 1.8 (1.1-2.9) 35 (24.0):146 1.9 (1.1-3.3) 16 (16.8):95 1.7 (0.7-4.2)
Antigenaemia p 24
Negative 1+ 55 (17.0):323 1+ 21 (11.9):176 1+
Positive 1.7 (0.9-3.1) 13 (27.7):47 1.7 (0.8-3.5) 6 (23.1):26 1.9 (0.6-5.8)
Intravenous drug use in pregnancy
No 1+ 68 (16.8):404 1+ 38 (13.4):284 1+
Yes 1.2 (0.7-1.9) 15 (21.4):70 1.4 (0.7-2.8) 10 (13.2):76 1.0 (0.5-2.4)

OR = odds ratios. C¥ confidence interval. Multivariate estimates including terms for age, €Pdunt, antigenaemia, mode of delivery and gestational age.
+ Reference category.

a2 :
b2 = 0.994.

Table Ill. Distribution, and corresponding odds ratios, of HIV infected and uninfected children according to obstetric factors and calendar period, Italy 1988—
1995
Total 1988-1991 1992-1995

No. infected (%) OR (95% ClI) No. infected (%) OR (95% ClI)

Total Total
Mode of delivery
Vaginal 1+ 67 (19.2):349 1+ 42 (17.7):238 1+
Caesarean 0.3 (0.2-0.6) 0.5 (0.3-0.9) 0.2 (0.1-0.4)
elective 0.3 (0.1-0.5) 9 (9.7):93 0.4 (0.2-0.8) 4 (4.4):92 0.2 (0.0-0.4)
emergency 0.6 (0.3-1.2) 7 (21.2):33 0.9 (0.4-2.4) 3 (7.0):43 0.3 (0.1-1.0)
Gestational age at birth (weeks)
=37 1+ 66 (16.4):402 1+ 36 (11.7):309 1+
<37 2.2 (1.3-3.6) 17 (23.6):72 1.6 (0.8-3.0) 12 (21.1):57 3.4 (1.5-7.8)
Birth weight (g)
=3000 1+ 38 (15.8):241 * 28 (14.0):200 1+
<3000 1.0 (0.7-1.6) 45 (19.5):231 1.3 (0.7-2.1) 20 (12.1):165 0.7 (0.3-1.5)
Interval between rupture membranes and delivery (h)*
<4 1+ 8 (25.8):31 1+ 23 (15.8):146 1+
=4 1.0 (0.5-2.1) 1 (10.0):10 0.3 (0.0-2.9) 14 (19.7):71 1.2 (0.5-2.6)

ZT0Z ‘SZ J8go100 U0 oUe|IAl IPNIS 1jBep A1sienund® /610 euIno pio jxo-deawnyy/:dny Wwo.j pepeo umoq

*Data not collected since late 1991.

infection status of newborn and birth weight (after taking intodifferences disappeared after standardization for mode of
account the role of gestational week at birth) or the intervadelivery, but the rate in 1995 was still lower than in 1988—
between rupture of membranes and delivery among womeh994. No difference was observed between crude rates and
who delivered vaginally. rates standardized for CD4eount, and gestational age at birth.

In the analysis of temporal trends in vertical HIV transmis- We computed the proportion of HIV infected children
sion rates, we computed standardized rates for all the factoedtributable to the factors found to be significantly associated
found to be significantly associated with the risk of HIV with vertical transmission. Since interaction terms were not
vertical transmission in both calendar periods (Table IV). Thesignificant, their coefficient were not included in the attributable
frequency of Caesarean section increased from 26.5% in 1988isks presented. The 16% of HIV infected children could be
1991 to 36.2% in 1992-1995. Consequently, most temporaittributable, during the whole study period, to pregnancy in
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lower than 30% in the study population. The proportion of

Table IV. Standardize¥HIV vertical transmission rate/100 children per missing data was genera”y limited. and there is no reason to
calendar year, Italy, 1988-1995 . . . ' . -
think that infant HIV status is associated with the probability
Rate/100 children standardized for of missing data, since data were collected at delivery.
) Information was limited on the role of zidovudine in reducing
Mode of CD4+ count Gestational age ical HIV L V71 d zid di
Year delivery at birth (rates) vertica transmission (only 71 women reporte zidovudine
use in pregnancy in 1992-1995) and should be interpreted
1988 15.7 15.7 15.7 cautiously, since the drug was not given at random. However,
1989 17.3 18.8 17.7 h . d OR of ical HIV infecti lated with
1990 17.7 173 170 the estimated OR of vertical HIV infection related wit
1991 19.0 19.7 18.8 zidovudine use in pregnancy did not change after taking
1859’% igi ﬁ’-g ig; account of potential covariates of the treatment, i.e. CD4 levels
1094 16.0 16.2 136 and modalities of HIV infection in the mother. With these
1995+ 10.8 11.5 10.6 limitations, however, we did not find any association between

-+ Data from January to June zidovuc_iin_e use in pregnancy and risk of vertical HIV-_1

aStandardized according to the direct method using the 1988 population as transmission. Similar findings emerged from a study with g 2
standard. similar general design conducted in the USA between 1989
and 1994 (Landesmaet al., 1996). These are not consistent &
with findings from a large clinical trial conducted in the USA
showing a marked reduction of HIV infection among infants
born to women treated with zidovudine (Conredral., 1994).

Results from non-randomized studies must be con&dere@

pe

Table V. Attributable risk of vertical HIV transmission in relation to
selected determinants and their combination, 1988-1995

/:dny wouy

Risk factor Attributable risk % cautiously, and neither our data nor the American study indicate3
CD4+ count <400 16 for how long treatment was given during pregnancy andg
Vaginal delivery 54 whether women had received the drug before pregnancy and
Preterm birth the infants were treated after birth. Further, it is possible that—
(<37 weeks gestation) 12

some confounding factors can explain the lack of assomanoni
between ziduvudine in pregnancy and risk of vertical HIV-1 £
transmission. Along this line, it should be considered that in<

women with low CD4+count, the corresponding figures for this series only a small proportion of women were treated with &
vaginal delivery and preterm birth being 54% and 129Ziduvudine in pregnancy. g'
(Table V). There is consistent evidence that low CD4evels are  a
associated with an increased risk of vertical HIV transmission.5

] ] For example, in the American Women and Infants Transm|53|0r§
Discussion Study, the risk of mother-to-child HIV transmission was about £
The results of this study show that in Italy, the frequency ofdouble in mothers with CD4-+cells <29% compared to §
vertical HIV infection tended to decline from 1988 to 1995. those with=29% (Landesmalet al., 1996). Other studies in 5
This may have been due to the higher frequency of Caesare&uropean and African populations (Rydet al., 1989; St g

section in the quadrennium 1992-1995. The main determinantsouis et al., 1993; European Collaborative Study, 1996) gave g
of infection were preterm birth, mode of delivery and low similar results. Few data are available on how blood antlgeng
CD4+ count, and did not change during the study periodlevels affect the risk of HIV vertical transmission. g
No association emerged between the risk of vertical HIV Analysis of the Collaborative European Study (including &
transmission and maternal age, intravenous drug use in pregbout 570 of the women considered in the present paperﬁ
nancy, zidovudine in pregnancy, birth weight and time ofsuggested that Caesarean section may reduce the risk of HIVY
rupture of the membranes. 1 vertical transmission (European Collaborative Study, 1994).
The potential limitations of the study should be consideredA meta-analysis including data from 11 studies and about
This is an analysis of time trends and determinants of HIV3200 cases indicated that the reduction associated with Caesa-
vertical transmission in women of only one country. We thinkrean section amounted to ~20% (Duetral., 1994). However,
however that it is interesting to analyse in detail data from ahe Women and Infants Transmission Study conducted in the
specific country, in consideration of the more similar epidemiol-USA (Landesmaret al., 1996) and French perinatal cohorts
ogical characteristics of women considered and modalities adfMandelbrotet al., 1996) did not confirm these data.
assistance to pregnancy. A large proportion of cases analysed inin this study, the estimated OR for vertical HIV transmission
this paper have already been included in previous publicationsmas 0.3 in women who delivered by Caesarean section in
(European Collaborative Study, 1994). This analysis is focusedomparison with those who delivered vaginally, confirming
however on some aspects (for example, the analysis of attributhe protective effect. The consistency of the protection in
able risks) not presented in previous published papers. Althougttifferent calendar periods gives some strength to this associ-
the study included ~1000 HIV infected mothers, it had lowation. The higher proportion of Caesarean sections in the period
statistical power to identify an increase in the risk of vertical1992-1995 in comparison with 1988-1991 partly explains the
HIV transmission of two or more for factors with a prevalencelower vertical transmission rates in recent years. In fact, the

245


http://humrep.oxfordjournals.org/

Italian Collaborative Study

standardized rate of vertical transmission for mode of deliveryind. C., Rudin, C., Siegrist, C.Aet al. (1998) Prevention of vertical HIV
transmission: addittive protective effect of elective cesarean section and

was similar for all periods considered. zidovudine prophylaxisalDS, 12, 205-210.
The association between low birth weight and mother-to+andesman, S.H., Kalish, L.A., Burns, D.hit al. (1996) Obstetrical factors
child infection has been analysed in several studies, but the and the transmission of human immunodeficiency virus Type 1 from mother

it . ; . to child. N. Engl. J. Med.334,1617-1623.
results are conflicting (Lepagat al., 1993; Nairet al., 1993; Lepage, P., Van de Perre, P., Msellati, é. al. (1993) Mother-to-child

Monfenson, 1994; Abramet al., 1995). At least two American  transmission of human immunodeficiency virus type 1 (HIV-1) and its
and African studies have shown an increased risk for low birth determinants: a cohort study in Kigali, Rwandem. J. Epidemio) 137,

weight infants, but others did not confirm this. The association 589-599- o
b | birth iah d ical HIV . Maguire, A., Sanchez, E., Fortuny, €t al. (1997) Potential risk factors for
etween low birth weight and vertica transmission, may vertical HIV-1 transmission in Catalonia, Spain: the protective role of

possibly be explained by the confounding effect of intravenous cesarean sectioiIDS, 11, 1851-1857.
drug use in pregnancy, which is associated both with low birtivandelbrot, L., Mayaux, M., Bongain, Aet al. (1996) Obstetric factors and

- - " mother-to-child transmission of human immunodeficiency virus type 1: the
weight and HIV vertical transmission or a more advanced . perinatal cohortém. J. Obstet. Gynecoll75, 661-667.

stage of HIV infection in the mother. We did not find any mantel, N. (1963) Chi-square test with one degree of freedom: extensions of
association between birth weight and risk of mother-to-child the Mantel-Haenszel proceduce.Am. Statist. Assac58, 690-700.
HIV infection. However, we did find an association betweenMonfenson, L.M. (1994) Epidemiology and determinants of vertical HIV

reterm birth and risk of vertical HIV transmission. A similar transmissionSemin Pediat Infect D)<, 262-265.
p : Nair, P., Alger, L., Hines, Set al. (1993) Maternal and neonatal characteristics

association was seen in the Women and Infants Transmissionassociated with HIV infection in infants of seropositive womanAcquir.
Study and Prenatal cohorts (Landesnedral., 1996), but no Immune Defic. Syndr. Hum. Retrovirdd, 298-302.

association emerged between gestational age and risk &¥der, R-W. Nsa, W, Hassing, S.Bt al. (1989) Perinatal transmission of
the human immunodeficiency virus type 1 to infants of seropositive women

vertical HIV transmission in other studies (Rydsral., 1989; in Zaire.N. Engl. J. Med 320, 1637-1642.

Bucceriet al., 1997). St Louis, M.E., Kamenga, M., Brown, @t al. (1993) Risk for perinatal HIV-
A USA study (Landesmaat al., 1996) suggested that when 1 transmission according to maternal immunologic, virologic, and placental

. : factors.J. Am. Med. Assoc269, 2853-2859.

the duration of ruptured membranes is 4 h or more, mother-

to-child HIV-1 transmission increases by ~5% and the risk ofReceived on April 21, 1998; accepted on October 7, 1998

vertical transmission tends to rise with the time of ruptured

membranes. In this study, we only had information on the

duration of ruptured membranes for the period 1992-1995,

but we did not find any association with risk of HIV vertical

transmission.
Finally, with regard to the proportion of HIV infected

children attributable to the various factors, ~10% of infected

children are attributable to preterm birth, a factor not prevent-

able, but ~50% of HIV infected children were preventable by

Caesarean section.
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