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THE first step in infection by the human immunodeficiency virus 
(HIV) is the specific binding of gp120, the envelope glycoprotein 
of HIV, to its cellular receptor, CD4 (see ref. 1 for review). To 
inhibit this interaction, soluble CD4 analogues that compete for 
gp120 binding and block HIV infection in vitro have been 
developed2-8. To determine whether these analogues can protect 
an uninfected individual from challenge with HIV, we used the 
chimpanzee model system of cell-free HIV infection. Chimpanzees 
are readily infected with the IIIB strain of HIV-1, becoming 
viraemic within about 4-6 weeks of challenge, although they do 
not develop the profound CD4+ T-cell depletion and 
immunodeficiency characteristic of HIV infection in humans9

• CD4 
immunoadhesin (CD4-IgG), a chimaeric molecule consisting of 
the N-terminal two immunoglobulin-like regions of CD4 joined 
to the Fe region of human IgG 1 (refs 8, 10), was selected as the 
CD4 analogue for testing because it has a longer half-life than 
CD4, contributed by the IgG Fe portion of the molecule. In humans, 
this difference results in a 25-fold increased concentration of 
CD4-IgG in the blood compared with recombinant CD4 (ref. 11). 
Here we report that pretreatment with CD4-IgG can prevent the 
infection of chimpanzees with HIV -1. The need for a preventative 
agent is particularly acute in perinatal HIV transmission. As 
recombinant CD4-IgG, like the parent IgG molecule, efficiently 
crosses the primate placenta10

, it may be possible to set up an 
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immune state in a fetus before HIV transfer occurs, thus preventing 
infection. 

Two chimpanzees were pretreated with CD4-IgG (5 mg kg- 1 

given intravenously (i.v.)) at 8 hand 1 h before challenge, then 
inoculated with 120 tissue culture infectious doses (TCID50s) 
of HIV-1 IIIB (30 chimp infectious doses). After challenge, the 
animals received further CD4-IgG treatment for 9 weeks. A 
control animal was similarly challenged but not treated. This 
dose of HIV-1 IIIB is expected to result in seroconversion of 
all untreated animals within 9 weeks (see, for example, ref. 12). 
The serum concentrations of CD4- IgG were predicted from the 
known human pharmacokinetics and checked by enzyme-linked 
immunosorbent assay (ELISA) where indicated (Fig. 1). The 
serum concentrations of CD4-IgG attained during the first 2 
days of treatment were estimated to be 50-200 fLg ml- 1

, and over 
the next 5 weeks were predicted to be 5-120 j.Lg ml- 1

; trough 
concentrations were confirmed by ELISA. When doses were 
given i.v. (week 6 onwards), the predicted concentrations of 
0.5-200 j.Lg ml- 1 were confirmed by ELISA. Treated animals 
were also monitored for the development of antibodies to CD4-
IgG by indirect ELISA. Chimpanzee 37 transiently showed just 
detectable antibody levels at weeks 7-13 (not shown). Chimpan
zee 43 had no detectable antibody response. 

Chimpanzees were monitored for HIV infection by detection 
of virus and by analysis for seroconversion. Virus was detected 
by a viral coculture assay, in which p24 production was 
measured, and by the polymerase chain reaction (PCR). The 
development of antibodies to HIV proteins was assessed by 
western blot and ELISA whole-virus based assays. The control 
animal became infected 3 weeks after challenge, as shown by 
viral coculture (Table 1 ), and virus could be detected by PCR 
at 11 weeks. Antibody to the viral protein p24 became evident 
in this animal by western blot at week 7 (Fig. 2), and sub
sequently antibodies to other viral proteins, including gp120, 
were detected. The animal showed seroconversion to HIV by 
ELISA at week 7 (Table 1). By contrast, the CD4-IgG-treated 
animals have not shown any signs of infection, after 47 weeks. 
A single sample from animal 37 (week 23) was positive in two 
of three PCR assays using a gag primer pair (Table 1), but 
negative using a pair of env-derived primers of identical sensitiv
ity (Table 1 legend). Further samples from the same animal up 
to week 47 have repeatedly assayed negative by both PCR and 
viral culture. It thus seems that both treated animals were 
protected from infection. 

Immunization with recombinant gp120 (ref. 13) or successive 
immunization with a variety of immunogens including the V3 
loop of gp120 (ref. 14) can induce protective immunity in 
chimpanzees against later challenge with HIV-1 IIIB. But pas
sive protection from HIV infection has not been previously 
shown. Protection of chimpanzees against HIV-1 by pretreat
ment with a single high dose of purified hyperimmune gamma
globulin (HIVIG) obtained from AIDS patients has been 
observed (A.M.P. eta/., manuscript in preparation). The control 
animal described here was shared with the HIVIG study. In our 
study, treatment with CD4-IgG continued for 9 weeks, in con
trast to the single dose of HIVIG. Further work is needed to 
determine the necessary dose and length of treatment with 
CD4-IgG. 

Azidothymidine (AZT), the only drug currently approved for 
the treatment of AIDS, has not yet been shown to prevent 
infection by HIV or simian immunodeficiency virus (SlY) in 
animal models, whether given before 15 or after16 virus challenge, 
although it does delay the spread of infection. It is unclear 
whether AZT can prevent infection after accidental challenge 
with HIV or maternal-fetal transfer in humans; AZT failures 
in both forms of challenge are known 17

'
18

. Clinical trials to 
address these issues are under way. 

Although our results, and those of others (A.M.P. et al., 
manuscript in preparation), show that it is possible to prevent 
HIV-1 infection by passive transfer of immunity, it is unclear 
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TABLE 1 Detection of HIV infection 

Animal 62 (control) Animal 37 (CD4-IgG) Animal 43 (CD4-IgG) 
Week ELISA p24 PCR ELISA p24 PCR ELISA p24 PCR 

0 <400 ND <400 ND <400 ND 
1 <400 <400 <400 
2 <400 <400 <400 
3 <400 + <400 <400 
5 <400 + ND <400 ND <400 ND 
7 400 + ND <400 <400 
9 6400 + ND <400 ND <400 ND 

11 3200 + + <400 <400 
13 >6400 + + <400 <400 
15 6400 + + <400 <400 
19 12800 + + <400 <400 
23 12800 + + <400 +I- <400 
27 12800 + + <400 <400 
31 12800 + + <400 <400 
35 >6400 + + <400 <400 
39 12800 + + <400 <400 
43 >6400 + + <400 <400 
47 >6400 + + <400 <400 

Detection of HIV infection by antibody ELISA and viral culture. Antibody titres against HIV-1 (first column) were determined using a commercial liquid-phase 
ELISA (Genetics Systems). Cocultivation of HIV was done as described22 for 4 weeks and infection was detected by assaying for viral p24 antigen (second 
column). For PCR analysis (third column), DNA was extracted from peripheral blood mononuclear cells using digestion buffer (10 mM Tris-HCI, pH 8.3, 
2.5 mM MgCI2 , 1% Tween-20, 1% Nonidet P-40 and 120 11g ml-1 proteinase K). Lysate was incubated at 60 oc for 1 h and extracted with phenol and 
chloroform. The resulting DNA was solubilized in 25 mM Tris-HCI, pH 7.5. PCR was done essentially as described by Saiki et a/.23 for 35 cycles, using the 
SK 38/39 primer pair, which is specific for the nucleotide sequence of the p24 core protein. Ten copies of proviral DNA can be detected in this assay, 
based on titration using the Perkin-Elmer HIV-1 PCR kit. Liquid hybridization was done to detect positive samples. Amplified sample (10 f.LI) was incubated 
with 1.25 ng 32P-Iabelled SK19 probe (specific activity 107 f.Lg-1

) and 1.25 111 ReACT buffer at 95 oc for 10 min and snap-cooled. The tubes were incubated 
at 56 oc for 30 min and centrifuged briefly, loading buffer was added and the samples were applied to a 12% polyacrylamide gel. Positive samples were 
detected by autoradiography. The sample from animal 37 (week 23) was also subjected to PCR analysis using primer pairs SK68/69, detected by hybridization 
with probe SK70, with negative results. DNA (1-3 f1g) in 1.5 mM MgCI2 , 10 mM Tris-HCI, pH 8.3, 50 mM KCI, 0.032 mM each dNTP, 50 ng each primer and 
1 unit Taq polymerase was amplified 40 times in a cycle consisting of 94 oc. 1 min; 56 °C, 1 min; 72 °C, 1.5 min. The sensitivity of this PCR reaction is 
identical to that of the SK38/39 pair described above (10 copies). 

ND, not determined. 

whether CD4-lgG itself will be clinically effective in this mode. 
It will be important to test the ability of CD4-IgG to protect 
against HIV-1 infection using different strains of HIV-1, as some 
primary patient isolates of HIV-1 are considerably less sensitive 
than HIV-1 IIIB to inhibition by CD4 derivatives 19

• Also, the 
challenge was given as cell-free virus; cell-associated virus may 

FIG. 1 Predicted blood concentrations of CD4-IgG over the 
course of treatment. CD4-IgG (5 mg per kg bodyweight) was 
given i.v. for the first three doses ( -8, -1 and +24 h postchal
lenge). For the following 5 weeks, daily injections of 
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be more difficult to inhibit. Nevertheless, these results offer hope 
for the use of CD4-IgG in the prevention of HIV infection in 
unborn infants. Currently 15-45% of the infants born to HIV
infected women are themselves infected (see, for example, ref. 
22), and no drug is known to decrease transmission. Although 
there is as yet no definitive information on the time at which 
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2.5 mg kg-1 CD4-IgG were given intramuscularly (i.m.). On 
days when the animals were anaesthetized for blood sampling 
(days 7, 14 and 21), a 5 mg kg- 1 dose was given i.v. (*); on 
day 35 a 2.5 mg kg-1 dose was given i.v. In weeks 6-9, an 
i.v. dose of 6 mg kg-1 was given once per week to reduce 
the stress on the animals. Weights for chimpanzees 37 and 
43 were 63 and 43 kg, respectively. The concentration of 
CD4-IgG was estimated by assuming that chimpanzee phar
macokinetics closely mimic those observed in humans (T. 
Hodges, J. D. Allan, J. Kahn and J. Groopman, personal com
munication), as the body weights are close. For i.v. administra
tion, the CD4-IgG serum concentrations (C) were predicted 
by dose-adjusting the pharmacokinetics observed in humans 
following 1 mg kg- 1 i.v. bolus injection, which are given by 
C(f1g ml-1 )=17.5 e1- 0059

' 1 +3.1 e1- 0014
' 1, where time {t) is 

in hours, using a multiple dose simulation routine21
. For i.m. 

administration, a 9-h adsorption half -life and 25% bioavaila-

0001-~ __jjL__~u 
.L~o~_3L1o~ 40 so 60 70 so 90 days 

t
r-T---t---.. -l~_L__-

*" [* -- -
Dose of ' 

CD4·1gG: 5 (·8h) 
5 (mgkg') 5(·1h) 2.5 (Daily) 2.5 6 

Route: 

bility were assumed. Squares and circles show serum con-
centrations of CD4-IgG in chimpanzees 43 and 37, respectively, as measured 
in a double-sandwich ELISA using two monoclonal antibodies to the CD4 
portion of the molecule. The first antibody was passively adsorbed into 
96-well microtitre plates in NaHC03 buffer (0.05M), pH 9.6, overnight at 4 oc. 
After washing 3 times with PBS containing 0.05% Tween-20 (wash buffer), 
the antibody was blocked with PBS containing 0.5% BSA and 0.05% Tween 
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i.v. i.v. i.m. i.v. i.v. 

20 for 1 h at room temperature and washed again. Standards, controls and 
samples diluted in primate serum diluent were added for 2 h at room 
temperature. After washing 3 times in wash buffer, the second antibody, 
conjugated to horseradish peroxidase, was added for 1 h at room tem
perature. Orthophenylene diamine was used as a substrate and plates were 
read by absorbance at 492 nm after -30 min. 
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FIG. 2 Western blot seroanalysis of treated (numbers 37 and 43) and control 
(no. 62) chimps. Samples of serum taken at different times during the 
protocol were diluted and incubated with commercial (Bio-Rad) western blot 
strips. The strips were incubated with alkaline phosphate-coupled anti
human lgG (Cappel) and developed using a phosphatase substrate system 
(Kirkegaard and Perry Laboratories) under conditions recommended by the 
manufacturers. Samples up to week 47 post-challenge gave identical results 
(not shown). 

fetal infection occurs, an analogy with hepatitis B infection 
would suggest that most infection occurs late in the third 
trimester of pregnancy or around the time of delivery. CD4-IgG, 
like the parent IgG molecule, is transported across the placental 
barrier during pregnancy in a rhesus monkey model9

. Thus it 
may be possible to provide a protective level of CD4-IgG in 
the fetus before infection with HIV occurs. 0 
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INFECTION of macaques with simian immunodeficiency virus 
(SIV)1

'
2 and human immunodeficiency virus type 2 (HIV-2)3

'
4 are 

useful models for studies of immunotherapy and vaccination 
against HIV as well as for testing of antiviral drugs. Vaccine 
research showing protective immunity in immunized monkeys4--to 
has indicated that it will be possible to develop a vaccine for 
prevention of human HIV infection, although many hurdles remain. 
The design of an HIV vaccine would be helped if the basis of the 
protective immunity could be elucidated. Passive immune pro
phylaxis offers a means to determine the relative role of antibodies 
in protection against infection. We have studied whether a transfer 
of antibodies can prevent HIV-2 and SIV.m (SIV of sooty 
mangabey origin) infection in cynomolgus monkeys. Sera with 
high antibody titres were collected, heat-treated and injected into 
naive animals 6 h before challenge with 10-100 monkey-infectious 
doses of live homologous virus. All control animals treated with 
normal monkey serum ( n = 6) or no serum ( n = 39) became infected 
by the challenge virus, whereas five out of seven animals pretreated 
with antibody-containing serum at a dose of 9 ml kg- 1 resisted 
infection. Thus passively transferred antibodies can protect against 
a low-dose lentivirus challenge in a nonhuman primate. 

Two anti-HIV-2 serum pools were obtained from a cynomol
gus monkey (AS) (Macacafascicularis) which earlier had been 
immunized with an inactivated whole-virus vaccine and protec
ted against a homologous HIV-2 challenge4

. This monkey (AS) 
received five intramuscular 100 J.Lg doses of whole, inactivated 
HIV-2s8 L-6669 emulsified in incomplete Freund's adjuvant on 

TABLE 1 Antibody titres in serum pools used for passive immunization of 
cynomolgus monkeys 

Titres of antibodies in: 

Whole V3 Neutraliza-
antigen peptide tion 

Sample ELISA ELISA assay 

Anti-HIV-2 serum pool 1 70,000 1,100 1,280 
Anti-HIV-2 serum pool 2 270,000 4,800 2,560 
Anti-SIV sm serum pool 58,000 10,000 80 

The serum pools had antibody reactivity to gag- pol- and env-encoded 
structural proteins as detected by immunoblotting using antigen preparation 
of HIV-258L_6669 (data not shown). The antibody content of serum pools and 
passively immunized animals was determined in whole HIV-2ssL-s669 viral 
lysate ELISA15 and in homologous V3 peptide ELISA16

. The V3 peptide assay 
was included for antibody determination because a recent study17 has 
demonstrated immunogenic dominating linear sites of HIV-258L_6669 with 
capacity to induce neutralizing antibodies and cytotoxic antibodies in this 
region. The neutralizing antibodies were determined by incubation of twofold 
dilutions of serum and a stock virus preparation of HIV-258L_6669 or SIVsm 
before addition of HUT-78 cells. The supernatants were analysed in an 
HIV-2/SIV antigen assal8 after 7 days in culture. The neutralizing titre was 
defined as the reciprocal of the highest dilution giving a 50% reduction in 
absorbance value in the antigen assay. Sera collected from the monkeys 
before passive immunization were used as negative controls in the serologi
cal assays. 
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