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Introduction

HIV infection and AIDS are becoming an increas-
ingly important problem in children born to HIV-
|-infected mothers [1,4,5,14,22], with rates of
mother-to-child transmission of HIV-1 ranging
from 24% in asymptomatic mothers to 65% in
mothers who have previously given birth to an
HIV-infected infant [2,5,9,23,24]. Due to the in-
creasing magnitude of pediatric HIV infection, the
difficulties associated with diagnosis in infants, and
the need for early diagnosis in order to initiate ap-
propriate therapy (or prevent treatment with poten-
tially toxic drugs in seropositive but noninfected
infants), additional studies are needed to 1) deter-
mine more precisely the timing of infection, 2)
evaluate maternal factors that may increase or de-
crease the potential for transfer of infection to off-
spring, 3) develop better diagnostic methods tw
allow rapid and precise diagnosis of HIV infection
in infants, 4) evaluate pharmacologic or immuno-
logic treatments for the prevention of mother-to-
infant transmission, and 5) evaluate therapeutic reg-
imens early in the course of infection in neonates.

Based on the close genetic, antigemic, and bio-
logic relationship between HIV and some simian
immunodeficiency viruses (SIV) [3,8,13,16), the
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SIV-infected macaque should prove to be an excel-
lent model system to evaluate the various parame-
ters associated with perinatal/posinatal infection
with an AIDS-like lentivirus. In this report, we
present preliminary observations from a study de-
signed to evaluate the perinatal/postnatal transmis-
sion of SIV , in experimentally infected rhesus
macaques, and to determine the feasibility of using
experimentally infected rhesus macaques as a
model system for the study of perinatal HIV in-
fection.

Materials and methods

Fifteen adult, timed-mated, female rhesus monkeys
were divided into three groups of five animals and
exposed to SIV,,,, during early (day 28-35), mid-
(day 71-78), and late (day 146-150) gestation.
Timed mating was carried out as described [20],
and each pregnant female was exposed to virus by
intravenous, intramuscular, and intravaginal inocu-
lation of approximately | x 10" TCID,, at each

site. The virus strain used in these studies, SIV .. -

was obtained from naturally infected mangabeys |7
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has been shown to infect rhesus macaques and
1o induce & high incidence of an AIDS-like disease
[19). To confirm infection, all virus-exposed fe-
males in the early and mid-gestation groups were
creened at three and six weeks after inoculation
serologically by EIA (HIV-2 EIA kit, Genetics Sys-
ems) and by cocultivation of peripheral bleod
mononuclear cells (PBMC) with normal human
pPEBMC in attempts to isolate SIV. Cultures of
pPBMC and serologic evaluations were done on the
females in the late gestation group within a week
after parturition,

All pregnant females were allowed to go to term
and deliver naturally; each infant remained with its
mother for at least 12 months. Each mother and
liveborn infant were evaluated within a week of
delivery and at quarterly intervals thereafter by se-
rology and coculture of PBMC; a milk sample was
als collected from the mother at each examination
an tested for the presence of virus, Milk (2 10 4
ml) was collected following IV administration of
2-3 units of oxytocin to the mother [18]; these sam-
ples were centrifuged at 1,500 rpm for 15 minutes
to pellet cells present in the milk. Following centrif-
ugation, the milk fraction beneath the lipid layer
was removed and cocultured with PHA-stimulated
human PBMC; the pelleted cell fraction was resus-
pended in medium (RPMI-1640 containing gluta-
rine, 10% fetal bovine serum, and interleukin 2)
and cultured similarly, Gentamicin was added to all
cultures at a concentration of 100 pg/ml. Cocul-
tures were maintained six weeks before being dis-
carded as negalive.

Due to the limited amount of blood that can be
collected from infant rhesus monkeys, pokeweed
mitogen (PWM) assays and PCR determinations
were not done until the infants were 5-12 months
of age. The PWM assays were done as previously
reported [15]. The PCR amplifications were done
according to established techniques [27] using two
sets of amplimers and probes specific for the gag
region of SIV ..

Results

Offspring delivered by 15 experimentally infected
macaques included two stillbirths (at 95 and 117
days postinfection of the mother) and 13 livebirths:
one liveborn infant died at three days of age. Cul-
tures of multiple tissues from the stillbirths and neo-
natal death were negative for virus, and histologic
evaluation of tissue sections from these three ani-
mals did not reveal any specific changes suggestive
of a retrovirus infection.
All 15 inoculated adult females seroconverted
by three o six weeks postexposure, and virus was
isolated from PBMC of 14 of the 15 animals at

three weeks postexposure: 12 of the 15 animals had
PBMC that were positive for virus at parturition
{Table I). PBMC cultures for six of 15 females
were consistently  virus-positive  throughout a
12-month postpartum follow-up, while cultures for
three ammals were intermittently virus-positive
during this period. Cultures from five animals were
virus-negative between three weeks postinfection
and six months postpartum, Cultures for one animal
remained virus-negative throughout the study pe-
riod. Milk samples from four of 12 females tested
were virus-positive between mine and 12 months
postpartum.

Two of the experimentally infected females (ani-
mals RTw and RTu) died of an AIDS-like disease
at 11 and 13 months postpartum. A third ammal
(OPE-258) died 19 months postpartum from causes
not apparently related to the SIV infection, Four
additional females showed clinical AIDS-like dis-
gase (14-22 months postinfection), characterized
by chronic diarthea and weight loss (24—41%), de-
creased numbers of CD4" cells, decreased CD4*/
CD3~" cell ratios, lymphadenopathy, and elevated
1gG values (2,860 o 4,620 mg/dl).

Animal RTw, infected with SIV__, in early ges-
tation, died 15 months postinfection (11 months
postpartum) following an extended climical disease
charactenzed by chronic diarrhea and weight loss
(42%), gencralized lymphadenopathy, Campylo-
bacter infection (blood and colon), elevated 1gG
values (3,623 mg/dl), gastric lymphoma and ulcer-
ation and immunosuppression (CD4* cell count of
520 and CD47/CD8 " cell ratio of 0.49). Virus was
consistently isolated from PBMC of this animal
throughout the |5-month postinfection period and
she developed high EIA titers. Multiple milk sam-
ples collected from this animal, and PBMC from
her infant. were culture-negative for SIV ..

Animal RTu. infected with SIV_. in mid-
gestation, died |7 months postinfection (13 months
postpartum) following u clinical illness character-
ized by chronic diarrhea and weight loss (30%),
splenomegaly (31.3 grams), generalized lymphade-
nopathy, anemia. and immunosuppression (CD4*
cell count of 220 and CD47/CD8" cell ratio of
0.41). Cultures of PBMC from this animal were
consistently virus-positive and she also developed
high EIA titers. Milk samples collected at nine and
12 months postpartum were virus-positive, Her off-
spring seroconverted and had a virus-positive co-
culture of PBMC at nine months of age.

PBMC cultures for all infants were virus-
negative at ime of birth (Table [I). All infants in
the early and mid-gestation groups and one infant in
the late gestation group had low levels of maternal
antibodies to SIV,,,. Maternal antibodies had de-
creased to undetectable levels prior to three months
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TABLE |. Virus isolation: Materna! SIV ransmession study’

Ttm m-mm
Animal Al lime of
nismber 3 wesks b weeks parturition
Group 1*
AYS® - - -
OPE-198 + + -
Riw + + -
CF-80 - + *
0OPe-258 + - -
Group 2
Rup + 4 -
OPE-218° + - .
5618° + + +
RTy™ + - .
OPE-168 + - .
Growp 3
N-T90 KD ND *
103T™ ND KD -
DE3Z ND NO *
N-G45 ND NO -+
N?T ND ND -

Time postpartum
amo B ma. 8 mo. 12 mo 15 mo,
+ + - + -
- - — —
- - +8
—_— -_— - - -
- e - s -
+ * + -
+ - + +
" . - +!
+ . - -
- “ + ND
- - - +
- + - ND
- - - ND

Al a'nmili gérocomeried.

“Group 1 animals inoculated between day 28-35 of pestation,
MGroup 2 anamals inoculated between day 71-T8 of pestation,
“Group 3 anemals inoculated between day 146-150 of gestalion.
"Died at 15 months postindectson (11 months postpartum).
“Died at 23 months postintection (19 months postpartum).
"Died at 17 months postinfection (13 months postpartum).
BAnimal's infant is virus-pasitive.

“Milk sample virus-positive

"Ipilk sample and PEMC from the infant ane vires-positive,
ND, not done.

of age in four of these mine infants. and between
three and six months in the other five infants. Three
infants subsequently seroconvened with wvirus-
positive cultures of PBMC at nine. 2, and 15
months of age. The mothers of two of the virus-
positive infants had virus-positive milk samples.
The infants of two additional females with virus-
positive milk samples have remained seronega-
tive and virus-negative throughout a |2-month
follow-up. One wvirus-posiive infant, RDs-2
(mother RTu). developed progressive clinjcal dis-
casc and died at 16 months of age (seven months
after it seroconverted and became virus-positive).
Observations for this infant included diarrhea and
weight loss, long standing anemia, generalized
iymphadenopathy, thymic atrophy, focal pneumo-
nig, terminal lymphopenia. and immunosuppres-
sion (CD4* cell count of 480 and CD4*/CDE* cell
ratio of (1.69). The characteristics of the anemia in
this infant are presented in another report in this
issue [12]. The other two virus-positive infants in
this cohort are showing progressive disease charac-
terized by lymphadenopathy. decreasing numbers
of CD" celis (810 and 860), and elevated 1gG val-
ues (2,082 and 3,112 mg/d!).

The results of preliminary PWM assays and PCR
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detection of SIV gag sequences in PBMC from
these 12 infants are summarized in Table 11l These
data suggest that as many as 10 of the 12 infants
were SIV-infected, or have been exposed to nonin-
fectious SIV antigenic material.

Discussion

The results presented here demonstrate maternal-
to-infant transmission of SIV ., following experi-
mental infection of macagues. Based on conven-
tional serology (EIA) and virus isolation from
PBMC., three of 12 (25%) rhesus macaque infants
born 1o SIV-infected mothers were SIV-infected.
However, the infants did not seroconvert or have
detectable virus until they were nine, 12 anc 15
months of age, suggesting that virus infection mosl
likely occurred as the result of consumption of
virus-containing milk. This report represents the
first documentation of maternal—infant transmission
in the SIV-infected macaque model. A previous
study failed to demonstrate infection in eight rhesus
monkey infants delivered by C-section, and w0
abortses. from mothers experimentally infected
with SIVg,y, [6]. These observations are in co' Tast
to studies of the maternal—infant transmissi 1 of



TABLE I, hhl!l\h:‘ mswmmm

Intans? Barh 3 months § months 9 months 12 months 15 months
Group 1?
12,800 BOD o ] 3.200 102 400°
RUg-2 8O0 0 D 0 0 0
ATg-2 12,800 B00 0 Q D i}
RLr-2 6,400 400 D 0 ] ]
REg-2 400 0 ] ] 0 0
Group 2¢
REs-2" 200 0 o a 1] 1]
RGe-2° - ND 200 1] a 1] 0
RDs-2" 1,600 100 i 51,200% 51,20082
Group 3*
AQs-2 1] 0 o 1] 1] 0
ARg-2" D 0 0 0 102,400° 102, 400¢
Ris-2 ' 1] 0 ] 0 0 a
APs-2 (1] 0 o 0 0 a
*Titers are the highest dilutions of serum giving a positive reading when tested using an HIV-2 EIA kit (Genetics Systerns], which is highly

SGroup 2; posed uswmmn-nmm

"Mother's milk virus-positive at 8-12 months postpartum,
*Diec at 16 months af |
*Group 3: Mothers exposed to SIV between day 146150 of gestation.

TABLE 1. PWM assays and PCR determinations in inlants in maternal SIV transmession study

PWM Conwventional PBMC wirus
Arimal Age (mg.) assay PCR seralogy cullures
Grougp 1
H“':‘q-i B + ND = =
12 ND + + +8
Rug-2 L] + ND - -
12 - ++ - =
RTg-2 B - ND - -
12 + + = =
RLr2 [ - ND - =
12 KD " - -
REg-2 8 ND ND - -
12 ++ + - s
Growp 2
REg-2 i 7 * * ND - -
% 1 - - +* - -
Ris-2 7 - ND - -
" - = = -
RDs-2 7 v ND - &1
1" & - + - 41
Group 3
Ris-2 5 4 4 ND - -
8 ND +4 - "
9 - + +7 42
Rils-2 ) ND ND - -
1 - - - -
m"'! [ -+ ND - -
] 10 + B » -
M nine 1,.inths
12 manns,
15 monthe.
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SRV-2, m which 83% of the offspring from SRV-
2-infected macaques were found to be virus-
positive at birth [26].

In the current study. all eight infants delivered
by mothers infected in early and mid-gestation, and
one infant delivered by an ammal infected in late
gestation, had low levels of maternal antibodies to
SIV. This is comparable to the situation that occurs
with human infants and 15 the key factor that makes
early diagnosis of perinatal infection extremely dif-
ficult. In our swudy, the matermal antibodies de-
creased to undetectable levels by three to six
months in all nine thesus infants. Loss of maternal
antibodies in rhesus infants occurred more rapidly
than that seen in human infants. in which maternal
antibodies have been reporied to persist for more
than |8 months |14.24].

The lack of a specific. sensitive diagnostic test
is the major obstacle 10 confirming HIV infection
in a imely manner in children born 10 HIV-infected
mothers. The SIV-infected macague model should
prove useful in efforts 1o develop more specific and
sensitive tests for the diagnosis of perinatal lentivi-
rus infection. Although we confirmed infection by
conventional serology and virus culture in only
three of 12 rhesus infants bom to SIV-infected
mothers, preliminary PWM and PCR assays sug-
pest that 10 of the 12 infunts are infected. Contin-
ued follow-up of these infants will allow a correla-
tion o be made between the PWM and PCR assays
and subsequent seroconversion and PBMC virus-
positive status. Qur observation that a higher per-
centage of infants are PCR-positive than are sero-
positive or virus-positive agrees with reports for
human infants bom to HIV-positive mothers
[11,21]. In one report, three of five seronegative
children born to seropositive mothers were PCR-
positive [11]. In another study. the presence of
HIV-1 DNA sequences in PBMC of two seronega-
tive. asymptomatic infants was reported and the
question wis raised about latent HIV infections that
remain undetectable by conventional serologic tests
[21]. Virus-positive, seronegative pediatric cases of
HIV infection have also been reported [5,10].

Observations in our study that support the view
that transmission of SIV most likely occurred by
way of breast milk include |} failure to isolate virus
from multiple tissues of two stillbirths and one neo-
natal death, 2) failure 10 isolate virus from multiple
cultures of PBMC of 12 rhesus infants from birth
to greater than six months of age, 3) the isolation
of virus from milk samples of four of 12 rhesus
monkeys, and 4) the disappearance of maternal an-
tibodies in all rhesus infants before six months of
age, with subsequent seroconversion in three in-
fants at nine and 12 months of age. Although HIV
has been isolated from breast milk of asymptomatic
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HIV carriers [25], and postnatal infection with HIV
has been documented in breast-fed infants whose
mothers became infected from a postpartum blood
transfusion [28,29], the role of breasi-feeding in
the transmission of HIV has not received a grear
deal of attention and transmission by this route 5
conteoversial [2). Some reports indicate no ass0Ciu-
tion berween breast-feading and HIV infection [17],
whereas others have indicated that breast-feeding is
a significant nsk in the transrmission of HIV infec.
tion to children [2]. Reports such as the latter, as
well as our observations in the SIV-infected ma-
caque model, support a recommendation that in-

* fants born 1o HIV-infected mu_dlm should not be

breast-fed.

The S1V-infected macaque should prove 1o bx 4
useful animal model to document further the role
of breast-feeding in lentivirus transmission, and to
evaluate potential therapeutic regimens to prevent
maternal—-infant transmission.

Acknowledgments
Supported by USPHS NIH grant RROD16S.

Relerences

1. Aspisan WA, Simpson BI, Ouson B, Demeer L, Sinva

T). MiLLex G: Rate of iransmission of human immindda-

ficiency virue type 1 infection from mother to child and

shori-term owlcome of pecoatal infection. Am J Dis Chil-

dren 144758766, 1990,

BrLamwcut S, Rouzioux C, Moscato M-LG. Vesex F,

Mavaux M1, lacomer C, Trscomme J, DeviLee A, ViaL

M. Firmon G, DeCrery A, Douvanp D, Romn M,

Courroniv €. Cinarv-Vioweron, Le Deist F, Gt

ersl €, HIV Inrecnion v Newsorns Frency CoLi b

oraTIve Stupy Grour: A prospective sudy of infants

barn to women ssropositive lor human immunodeficiency

virus type |. N Engl ] Med 320:1643-1648, 1985,

1, Craksasarni L, Guyaper M, Avizon M, Danes MD,
DawmeL RC, Deseosters RC, Tioryass P, Sowico P Se-
quence of simian immupodeficiency virus from macadgus
and”its relationship 1 other human and simisn retrovi-
ruses. Mature 328:543-547 1987,

4, Cwin J: Current and future dimensions of the HIV/AIDS
pandemic in women and children. Lancet 336:221-224,
1980,

5, Cowan MJ, Warker C, Curver K, Wantaus PS5,
Wara DW, Levy JA: Maternally transmited HIV infed-
tion in children. AIDS 2:437-441, 1988,

6, Davison-Fageusn B, Buancrazp 1, Hu F-5, MarTiN
L, Hanwmison R, RaTrecree M, MureHy-Coss M: Ex-
perimental infection of Limed-pregnant rhesus monkeys
with simisn immonodeficiency virus (SIV) during early.
middle, and late gestation. J Med Primatol 19;381-393.
1990,

7. Furtz PN. McCrure HM, AnpErson DC, SWENSON
RB, Ananpb R, SEiNIvasan A lsolation of a T-lymaho-
tropic retrovirus from narurally infected sooty man; €Y
monkevs (Cercocebus atvs). Proc Natl Acad Sci aA
E3; 52865290, 1986,

P2



10.

12.

14.

LA

18

17.
18

19,

. Francuivi G, Gurco C, Guo H-G, Gawwo RC, Coi-

varmt E, FamGrovt KA, Haii LF, WonG-StaaL F,
Rerrz MS: Sequence of simian immunodeficiency virus
and its gp 10 the human immunodeficiency i
ruses, Nature 328:530-543, 1987.

. Goeoert 11, Drusmoro JE, Minkorr HL, Stevens R,

BLatrner WA, Menoez H, Rosgry-Gurorr M, Hod -
Man 5, RUumINSTEIN A, Wiiiovcuey A, LANDESMAN
SH: Mother-po-infant ransmission of human immunode-
ficiency virus type | Association with prematurity or low
anti-gpl 20, Lancen 213511354, 1969,

Gaoetz DW, HaLL SE. Harmson RW, Remn MI: Pediat-
nc acguired immunodeficiency syndrome with negative
human im ficiency virus antibody responsc by
enzyme-| immunosorbent assay und western blot. Pe-
diatrics £1:356-359, 198E.

HewLert IK, Lavmian Y, Epstian J, Hawrnosne CA,
Ruta M, ALLAIN J-P: Assessment by gene amplification
and serological markers of transmission of HIV-1 from
iemophiliacs 10 their sexual partners and secondarily to
their children, J Acg Immune Def Syn 3:714=720, 1990.
Huryen CD, Brooie AR, Ansam AA, Anperson DC,
MeCrure HM: Severe autoimmune hemolylic anemia in
SIV . .infected Macaca mulama. ) Med Primatol
20:156- 158, 1991 (this issue).

. Hmscu VM., OLssteEn RA, Mureney-Coss M, PurciLL

RH, Jousson PR: An Africon primate bentivirus (51Vsm)
closely related 1o HIV-2, Nawre 339:389-392, 1980,
Hussox RN, Comeau AM. Hoer R: Diagnosis of human
immunodeficiency virus infection in infants and children,
Pedintrics 86:1=10, 1920,

Jusivpa-Conen T, SLane BA, Powert JD, ViLLinGER
F.DeB, Fous TM, McCLure HM, SeLe KW, AHsED-
Ansam A: B-cell activation reveals antibodies
against human pdeficiency virus type [ (HIV-1) in
HIV-1 seronegative individuals. Proc Matl Acad Sci USA
£7:3972-3976, 1990,

Kestiex HW L, Li Y. Namou YM, Bumier CV, Ocis
MF, Jaerer G, Kino NW, Do MD, Deseosiens RC:
Comparison of simian immupodeficiency virus isolates.
Mature 331:610-621, 198X,

Locas S, Newell M-L. Apes T, Peckuam C5! Breas
fecding and HIV jafection. Lancer 1:1346, 1988,
Losmernal B, Keen CL., GLazier CE. AnpeEzson J: A
longiudinal study of rhesus monkey (Macaca mulatf)
milk composition: Trace elements, minerals, protein, car-
bohydrate, and fat. Pediatric Res 18:911-914, 1984,
McCrLure HM, Anperson DC, FuLtz PN, Ansani AA,

21,

Maternal transmission of SIV

Lockwoon E, BromE A: Spectrum of discase in macague
monkeys chronically infecied with SIV/SMM. Vet Immu-
ol |1 21:13=24, 1980,

. McCrure HM, WiLk AL, HomiGan EA, Pratt RM: In-

DUCTION OF CRANIDFACIAL MALFORMATIONS IN RHESUS
MONKEYS (Maceca mulaiia) with eyclophasphamide. Cleft
Palate ) 16:248-256. 1979,

PaterLin P, LALLEMANT-LE Coeuk S, LaLLEMANT M,
M'PeLe P, Dazza MC, Teneg S, Moncany M, Jour-
palN G, Coumonavn V, N'Zincoura S, Larouze B,
Griscerwl C, Brecuor C: Polymerase chain reaction for
sticlics of mother to child transmission of HIV1 in Africa,
] Med Virol 30:53=57, 1990.

Pizzo PA: Pedistric AIDS: Problems within problems. ]
Infect Dis 161:316-325, 1990.

. Ryoer RW, Nsa W, Hassio SE, Beners F, RaymELD

M, ExunoorLa B, Necson AM, Murenpa U, Franas
H. MwaspacaLimwa K, Davacu F, Rooers M, Nz-
LAMBI N, GrEENBERG A, MaNN ], Quine TC, PioT P,
Curnax JW: Pernatal transmission of the human immiu-
podeficiency virus type | 10 infants of seropositive women
in Zaire. N Engl J Med 320:1637=1642, 1989,

. Tue Eurorean CoLLaBoRTiVE STUDY: Maother-io-child

transmission of HIV infection. Lancet 2:1009-1043,
1988,

. Twiny L, SerecHen-GoLpeenGer S, JonckHEER T, LEvY

). Van pE PEriE P, HEnaivaux P, Cocriaux-LeCLERE
J, Coumeck N: lsolation of AIDS virus from cell-free
breast milk of three healthy viros camers. Lancet 2:89] -
EO2. 1985,

. TsarC-C, FoLuis KE, Snypee K, Winpsor S, ThouLess

ME. KuLLex L, Mowton WR: Maternal transmission of

type D simian retrovinus (SRV-2) in pigtailed macaques.
J Med Primatol 19:203-216. 1990,

. Vicumoer F, Powewr JD, Jervpa-Conen T, Neceer-

sanN M. Vuchenics M, De B, Fores TM. McCrure
HM, Ansamt AA: Detection of oocult simian immunode-
ficiency virus SIVsmam infection in asymplomatic sero-
negative nonhuman primates and evidence for variation
in 51V gag sequence between in wive- and fn vitro-
propagated virus. J Virology 65: 18551862, 1991,

. Wemvereck P, Loustavp V, Dess F, ViDar B, Mou-

wiEr M, DeLusiey L: Posmatal wrsnamission of HIV
infection. Lancet |:482, |988

. ZiecLex JB, Coorer DA, Jounsow RO, Gowp J: Postna-

tal transmisston of AlDS-associmted retrovirus from
mother o infant. Lancet |:B9%6-898, 19835,

187



