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CLEARANCE OF HIV INFECTION IN A PERINATALLY INFECTED INFANT
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Abstract Background. We describe a child who was
identified shortly after birth as infected with the human im-
munodeficiency virus type 1 (HIV-1), but whose infection
appears to have completely cleared. Asymptomatic HIV-1
infection was diagnosed in the mother during the fourth
month of pregnancy. The infant was delivered vaginally
at 36 weeks, received no blood products, and was not
breast-fed.

Methods and Results. HIV-1 was detected by culture
of the infant’s peripheral-blood mononuclear cells at 19
and 51 days of age. Plasma from the infant was also cul-
ture-positive for HIV-1 at 51 days of age by DNA polymer-
ase chain reaction (PCR). Nucleotide-sequence analysis
of HIV-1 DNA showed extremely close homology of the

URING the early stages of primary infection with

the human immunodeficiency virus type 1 (HIV-
1), viral titers in plasma reach high levels. This phase
of viremia is followed by a rapid decline, in which viral
titers in serum and the load of provirus in peripheral-
blood lymphocytes decrease by several orders of mag-
nitude, presumably as a result of cellular or humoral
immune mechanisms.! Lower levels of virus and viral
DNA can then persist in asymptomatic people for 10 to
15 years.? However, humans have not been known to
have complete clearance of HIV-1.

It has been estimated that 13 to 40 percent of HIV-
1—infected mothers transmit the virus to their infants,’
and most infected infants have symptoms of the ac-
quired immunodeficiency syndrome (AIDS) within a
few years. It has been difficult to investigate the early
stages of HIV-1 infection in infants, since maternal
HIV-1 IgG antibody persists in infants for up to 15
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cultures obtained 32 days apart, and forensic markers of
genetic identity for the two cultures were identical. Hence,
inadvertent viral contamination or error in the collection of
specimens was highly unlikely. At 12 months of age the
infant was seronegative for HIV-1, and numerous subse-
quent cultures and tests by PCR have also been negative
for HIV-1. The child is five years of age at this writing, is
HIV-seronegative, and remains well, with normal growth
and development and no laboratory or clinical evidence of
HIV-1 infection.

Conclusions. The infant we describe was infected peri-
natally with HIV-1, but the infection subsequently cleared
and the infant remained without detectable HIV-1 infection
five years later. (N Engl J Med 1995;332:833-8.)

months. Thus, it has been necessary to measure HIV-1
directly by either culture for the virus or the polymer-
ase chain reaction (PCR) for HIV-1 DNA sequences.
Using these direct approaches in the early stages of
HIV-1 infection in infants, we found several rare cases
in which the infants had initial evidence of HIV-1 in-
fection but in which the infections apparently cleared
within a few months. In this report we describe one
such case in detail.

CASE REPORT

The infant was a 2.3-kg (4-lb, 11-0z) boy born at 36 weeks’ gesta-
tion by normal vaginal delivery to a 33-year-old woman (gravida
4, para 2, abortus 2) who had been given a diagnosis of asymptomatic
HIV-1 infection by routine prenatal testing in approximately the
fourth month of pregnancy. The mother reported no intravenous
drug abuse, but during the first few months of gestation she had had
sexual relations with a former intravenous drug user. The pregnancy
was uncomplicated. The mother had a normal absolute CD4 count
(>1000 CD4 cells per cubic millimeter) during pregnancy and re-
mained asymptomatic during the next four years.

The infant was normal at birth, but he required hospitalization for
mild respiratory distress syndrome for the first eight days. He did not
receive blood products or plasma and was not breast-fed. He was fol-
lowed frequently for evidence of HIV-1 infection as part of a prospec-
tive study for early HIV-1 diagnosis. The infant underwent frequent
physical examinations and remained asymptomatic subsequently,
without any of the physical findings associated with HIV infection.
His growth and development were normal, including normal neuro-
psychological examinations for his age. At this writing he is five years
of age and attending kindergarten. The results of his standard labo-
ratory evaluations, including complete blood counts, analyses of
blood chemistry, and measurements of serum immunoglobulins, CD4

T-cell subgroups, and CD4/CD8 ratios, have been normal. The re-
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sults of laboratory studies of the infant, including HIV cocultures;
measurements of plasma viremia, p24 antigen (Abbott, Abbott Park,
Ill.), and acid-dissociated, immune-complex—dissociated (ICD) p24
antigen (Coulter, Miami); and serum HIV IgA antibody tests by en-
zyme-linked immunosorbent assay (ELISA) and Western blotting,
are shown in Table 1.

Blood obtained from the baby at birth and 19, 33, and 51 days af-
ter birth was cultured for HIV-1 in peripheral-blood lymphocytes, as
well as plasma, according to standard AIDS Clinical Trials Group
(ACTG) methods (Table 1). The cultures of peripheral-blood mono-
nuclear cells were negative at birth, positive 19 days after birth, neg-
ative at 33 days, and positive at 51 days of age with a relatively low
titer (10° peripheral-blood lymphocytes). The quantitative plasma
culture at 51 days was also positive at 100 median tissue-culture in-
fective doses per milliliter. The assays of plasma p24 antigen and
acid-dissociated, immune-complex—dissociated p24 antigen were neg-
ative in the infant, as were four HIV-1 IgA dot blot assays during the
same period.*

Since the child was clinically well and became negative for HIV an-
tibody by ELISA and the Western blot assay at the age of 1 year, at
13 months an HIV-1 culture was again initiated and was negative.
Numerous subsequent cocultures using up to 107 peripheral-blood
lymphocytes from the infant were also negative for HIV-1. Many ad-
ditional PCRs of the infant’s peripheral-blood lymphocytes have
remained negative to the present time, five years after birth. The
ELISA for HIV antibody remains negative, and the child remains
asymptomatic.

METHODS

Blood samples were obtained from the baby at birth and 19, 33,
and 51 days after birth, and at various times thereafter until he was
five years old. After isolation, peripheral-blood mononuclear cells
were cocultured with peripheral-blood mononuclear cells from
healthy donors, and the titer of HIV-1 gag p24 antigen was monitored
twice a week according to standard ACTG procedures. Quantitative
plasma cocultures were also performed according to standard ACTG
procedures at 33 and 51 days and at 3 months.” DNA was isolated
from the HIV-1 cultures of peripheral-blood mononuclear cells ob-
tained from the infant at days 19 and 51 and was isolated directly
from peripheral-blood mononuclear cells obtained from the mother
12 months after delivery by methods described previously.® Briefly,
the peripheral-blood mononuclear cells from the mother and the cul-
tured samples from the infant were treated with phenol four or five
times to remove proteins, then were extracted twice with chloro-
form—isoamyl alcohol, and were precipitated in ethyl alcohol. The
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isolated DNA was resuspended in TRIS-EDTA buffer (10 wm TRIS
and 1 um EDTA; pH, 8). Quantitative PCR was performed to deter-
mine the concentration of HIV-1 in the samples. With labeled prim-
ers M667 and M661, 1 ug of DNA was subjected to 25 cycles of
PCR.” DNA with an equivalent of 200 copies of HIV-1 was used to
ensure adequate representation of variant sequences. In later clinical
samples of peripheral-blood lymphocytes from the child, primers
SK38 and 39 were also used to confirm a negative PCR.

The 5’ primer, env22 (GTGGAGGGGAATTCTTCTACTGTAA),
and the 3’ primer, env2] (GGTACCACCATCTCTTGTTAATAG),
were used for the PCR amplification and sequence analysis. PCR was
performed in a buffer containing 7aq polymerase (Boehringer, Mann-
heim, Germany). After 40 cycles of amplification, the PCR products
were loaded onto a 5 percent polyacrylamide gel. Bands of 240 base
pairs were recovered by soaking the gel overnight in 0.3 M sodium
acetate, 10 mM TRIS—hydrochloric acid, and 1 mM EDTA. Negative
control DNA isolated from HIV-1-negative donors and positive con-
trol DNA (10 to 1000 copies of the cloned JRCSF strain of HIV-1)
were used to check for possible contamination and efficiency of am-
plification; there was no contamination.

The DNA recovered from the polyacrylamide gel was digested
with EcoRI and ligated to the M13mpl8 vector digested with EcoRI
and Smal. The ligated DNA was introduced into XL1-Blue cells
(Stratagene, La Jolla, Calif.). Positive plaques selected by hybridiza-
tion screening® were sequenced with DNA sequencing kits (United
States Biochemical, Cleveland). Sequences from the baby, the moth-
er, and the HIV Database’ were assessed with the Clustal program. '’
The nucleic acid sequences isolated from the mother and the infant
have been deposited in the GenBank data base (accession numbers
L33045 through L33074).

Sequences were obtained from three HIV-1 isolates from infants
born in California during the same period as the study infant; HIV
infection was diagnosed in all three. The sequences were cloned in
the laboratory of one of the study authors and included in the com-
parison. The HIV envelope regions of these isolates (B1VC1, B2VC3,
and B3VC14) were cloned into pGEM vector (Promega, Madison,
Wis.) after amplification with outer primers 5'RedEl (GTCAGC-
ACAGTACAATGTACG; positions 6953 to 6972 of HIVjzesy) and
3'RedE2 (GCACCACTCTTCTCTTTGCC; positions 7711 to 7730
of HIVjgesy) with inner primers 5'RedE3 (AATTTCTAGATAGG-
CCAGTAGTATCAACTC; positions 6982 to 7001 of HIVjgesyr) and
3'RedE4 (AATTAAGCTTCACTTCTCCAATTGTCCCTC; posi-
tions 7636 to 7657 of HIVjp¢sy) and digestion with XbalIl and HindIIL
The V4 envelope regions of these clones were sequenced with primer
RedE4 and automated fluorescent sequencing (Applied Biosystems,

Table 1. Laboratory Data on the Mother and the Infant before and after Birth.*

PRENA- CORD
TEST TAL BLOOD DAYS AFTER BIRTH MONTHS AFTER BIRTH
19 33 51 3 6 10 12-13 14 28 36-60
Infant
HIV-1 culture PBL — Negative Positive Negative Positive — — — Negative Negative Negative Negativef
(10° PBL) (10° PBL) (10° PBL)
Plasma HIV-1 — — — Negative Positive Negative — — — — — —
culture (100 TCIDs,)
p24 Antigen — — Negative Negative — Negative — — Negative Negative — —
ICD p24 antigen — — Negative Negative Negative Negative — — — — — —
PCR — — — Positive — — — — — Negative Negative Negativet
ELISA or Western — — Positive Positive Positive — — Losing Negative Negative Negative Negative
blot assay bands
HIV IgA dot blot — — — Negative Negative Negative Negative — — — — —
assay
Mother
HIV ELISA Positive — — — — — — — Positive — — —
HIV-1 culture — — Negative — — — — — Negative — Positive —
PCR — — — — — — — — Positive — Positive —

*Dashes indicate not determined. PBL denotes peripheral-blood lymphocytes, TCID,, median tissue-culture infective doses, ICD immune-complex—dissociated, and ELISA enzyme-linked im-

munosorbent assay.
FThis test was repeated numerous times during this period.

Downloaded from www.nejm.org by MR KEVIN PATRICK on January 28, 2004.
Copyright © 1995 Massachusetts Medical Society. All rights reserved.



Vol. 332 No. 13

Foster City, Calif.). In addition, known sequences from 27 North
American HIV isolates, the BRU and OYI isolates from western Eu-
rope, and the JY1 isolate from Zaire were used for comparison.

Genetic Typing of Samples

Additional aliquots of frozen peripheral-blood lymphocytes saved
from the sample obtained from the infant on day 19, which was pos-
itive for HIV by culture, and those obtained at the age of 2% years,
when he was seronegative, as well as samples from the mother, were
examined for genetic identity with the AmpliType PM PCR Amplifi-
cation and Typing Kit (Perkin—Elmer Roche, Branchburg, N.J.). This
kit includes reagents that allow the simultaneous amplification of
specific regions of six genetic loci and the subsequent detection of
their allelic variants. These independently segregating loci include
HLA-DQAI1 (DQATI), low-density lipoprotein receptor (LDLR), gly-
cophorin A (GYPA), hemoglobin G gammaglobin (HBGG), D7S8,
and group-specific component (GC). The combined power of dis-
crimination for these markers for white people in the United States

is 0.9997.

RESULTS

Since this child was positive for HIV-1 on two inde-
pendent cultures of peripheral-blood lymphocytes ob-
tained 32 days apart, as well as on a plasma culture
(performed in a separate laboratory), it is highly un-
likely that the early positive cultures from the infant re-
sulted from inadvertent contamination with HIV-1.
Nevertheless, to provide further confirmation, we ana-
lyzed nucleic acid sequences of PCR-generated clones
of the HIV-1 DNA in the two cultures to determine
whether the viruses were similar. Similarity would indi-
cate that both came from the infant. We sequenced the
V4 and C4 envelope regions of cultured virus (28 inde-
pendent clones from samples obtained on day 19 and
5 from those obtained on day 51). As evidenced by vis-
ual examination of the viral sequences (Fig. 1), as well
as by analysis with Clustal software!? (data not shown),
the consensus sequences of the infant’s two isolates
showed close homology, but there was a significant per-
centage of diversity in comparison with other sequences
in the data base. In particular, the sequences differed
substantially from the only laboratory strains common-
ly used in this laboratory (HIV-ljzcsp and HIV-1jgg).
This sequence analysis shows that the two viral isolates
from the infant on day 19 and day 51 were very closely
related. In addition, we compared the consensus se-
quence of the isolates from this infant with those of the
first viral isolates from three other California-born in-
fants in whom HIV infection was diagnosed during the
same period (B1VC1, B3VC14, and B2VC3 in Fig. 1).
The consensus sequence of the viruses from these three
infants was substantially different from those of the
two viral isolates from the infant.

To eliminate further the possibility of misclassifying
the samples, we performed studies of genetic identity
by co-amplifying six separate genetic markers by PCR
amplification of peripheral-blood lymphocytes saved
from the infant at 19 days of age (when the HIV-1 cul-
ture was positive) and at the age of 2%2years (when it
was negative). The two samples contained identical six-
locus genotypes: DQA1:4.1/4.1, LDLR:AB, GYPA:AB,
HBGG:AB, D758:BB, and GC:AC. If these six loci are
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assumed to be statistically independent, the frequency
of this genotype (obtained by multiplying the observed
frequencies of the genotypes at each locus) was calcu-
lated to be 0.00013. If the expected frequencies of the
genotypes are multiplied, the frequency of the six-locus
genotype would be 0.0032, on the basis of Hardy—
Weinberg assumptions. (This calculated difference in
frequency is due to the difference between the observed
and expected frequencies of DQAI:4.1/4.1 [0.055].)
Given one sample with this six-locus genotype, the prob-
ability of finding an identical genotype in a randomly se-
lected white population would be less than 1 in 1000.

These data indicate that the two samples probably
originated from the same person and that the likeli-
hood of their originating from two different people is
extremely low. Thus, it is highly unlikely that contam-
ination in the laboratory or by another clinical sample
could account for the two independent positive results
in this child. In addition, the mother’s peripheral-blood
mononuclear cells shared alleles at all six loci with
those of the infant, in a manner consistent with this
woman’s status as the biologic mother of this child.

We compared the nucleotide sequence of the virus
obtained from the child with HIV-1 sequences from the
mother. Unfortunately, no samples of the mother’s
blood obtained at the time of delivery were available
for analysis. Instead, samples of the mother’s lympho-
cytes 12 months after delivery were used in the se-
quence analysis. HIV-1 sequences isolated by PCR di-
rectly from the DNA of the mother’s peripheral-blood
lymphocytes were analyzed as described in the case of
HIV-1 DNA from the child. Since the mother’s periph-
eral-blood mononuclear cells were not cultured before
analysis, there was wide heterogeneity of the HIV-1 se-
quence. Some of the maternal HIV-1 sequences were
closely related to the principal sequence from the
child’s samples (BC1l-1 in Fig. 1). However, other
HIV-1 sequences from the mother differed from those
of the child. This result was expected, given the rela-
tively extended time between the isolation of the HIV-
1 DNA samples from the mother and from the child.
Therefore, although it is difficult to assign with certain-
ty an evolutionary relationship between the mother’s
HIV-1 sequences and those of the infant, the similari-
ties suggest such a relationship. When the results of the
sequence analysis and the genetic typing are taken to-
gether, it is highly likely that both viruses found in the
infant originated from the mother.

DISCUSSION

The data we report document the apparent clear-
ance of HIV-1 from an infant infected perinatally.
Questions remain about the mechanism involved in
this clearance and about whether such an event may
occur more frequently than we realize in infants born
of HIV-infected mothers, although it may not be de-
tectable because of a low viral load or insensitive assay
methods. One potential explanation for transient HIV-
positive cultures in an HIV-exposed infant may be the

Downloaded from www.nejm.org by MR KEVIN PATRICK on January 28, 2004.
Copyright © 1995 Massachusetts Medical Society. All rights reserved.



836

THE NEW ENGLAND JOURNAL OF MEDICINE

March 30, 1995

364 406
ConsensusCnstqLFNns tW?????N?.?222T?22?2?2?2n?2t??2n?t?21tLpCrIKqgiiNmwQeVgkAmYapPl?
BC11-1 CNSTQLFNSTW. ... .N....GTE..KVNSTG.N .ITLPCRIKQIINMWQEVGKAMYAPPIR
BC11-2 CNSTQLFNSTW. ... .N....GTE..KVNSTG.N .ITLPCRIKQIINMWQEVGKAIYAPPIR
BC11-6 CNSTQLFNSTW. .. ..N....GTE..KVNSTG.N .ITLPCRIKQIINMWQEVGKAMYAP# IR
BC11-7 CNSTQQFNSTW. .. ..N....GTE. .KVNSTG.N .ITLPCRIKQI INMWQEVGKAMYAPPIR
BC11-9 CNSTQLFNSTW. .. ..N....GAE. . KVNSTG.N...ITLPCRIEQI INMWQEVGKAMYAPPIR
BC11-14 CNSTQLFNSTW. .. ..N....GTE..KVNSTG.N...ITLPCRIKQIINMWQEVGKAMYAPPIR
BC21-2 CNSTQLFNSTW. .. ..N. .GTK. .KVNSTG.N .I$LPCRIKQI INMWQEVGKAMYAPPIR
MC10-4 CNTSQLFNSTW. .. ..N. GTEGSP N.TE.N .ITLPCRLKQIINLWQEVGKAMYAPPIK
MC10-2 CNTSQLFNSTW.....NSTWNSTEGLPD ..... N . ITLPCRLKQIINMWQEVGKAMYAPPIK
MC10-3 CNTSQLFNSTW. .. ..NST... .EGLPD. .. .. N .ITLPCRLKQI INMWQEVGKAMYAPP I K
MC10-10 CNTSRLFNSTW. .. ..N. . GTEGLPD ......... ITLPCRIKQI INMWQEVGKAMYAPP I K
MC10-11 CNTSQLFNSTW.....NSTWNGTGGSP N.TE.N. . .ITFPCRIKQIINLWQEVGKAMYAPPIK
B1VC1 CNSTKLFENSTWN. . . ANSTW. . .. .. NDTEGL . NDT ITLPCRIKQIINMWQEVGKAMYAPPIQ
B3VC14 CDSTKLFNSTWN. . .V.SN . TEGLNN. .TEGNGT . I | LPCRIKQIVNMWQEVGKAMYAPPIR
B2VC3 CNSTQLFNSTWN. . ..NST... .ESLND..TQGN. .SITLPCI IKQIINMWQEVGTAMYAPPIG
BAL1 CNTSPLENSTW. .. ..N....VTEE. SNNTVENNT.ITLPCRIKQIINMWQEVGKAMYAPPIR
HXB2 CNSTQLFNSTWF . . .. NSTWS TEGSNN .TEGSDT . ITLPCRIKQI INMWQKVGKAMYAPPIS
BRU CNSTQLFNSTWF ... .NSTWS . TEGSNN. . TEGSDT.ITLPCRIKQFINMWQEVGKAMYAPPIS
NL43 CNSTQLFNSTWF ... .NSTWS . TEGSNN. . TEGSDT.ITLPCRIKQFINMWQEVGKAMYAPPIS
SF2 CNTTQLFNNTWR. . .LNHT .EGTK. ... .. GND..T.IILPCRIKQIINMWQEVGKAMYAPPIG
SC CNSTQLFSSTW. .. ..N....GTEGSNN. . TGGNDT.ITLPCRIKEI INMWQEVGKAMYAPPIK
MN CNTSPLFNSTWN...GNNTWNNTT ..... GSN.N. . .ITLQCKIKQI INMWQEVGKAMYAPPIE
RF CNTTQLFNSTW. .N. ... STEGSNNTGGNDN.T.ITLPCRIKQIVNMWQEVGKAMYAPPIS
WMJ2 CNSTQLFNSTW. .. ..N....GTDIKGDNKNST...LITLPCRIKQIINMWQGVGKAMYAPPIQ
CDC4 CNSTQLFNSAWNVT . SNGTWSVT .RKQKDTGD ... I ITLPCRIKQIINRWQVVGKAMYALPIK
JH3 CNSTQLFNSTWL . ..SNSTWNDTEGSNNTGGND .. TITLPCRIKQIINMWQEVGKAMYAPPIE
BRVA CNTTQLFNSTWY .. .RNTTGNITE. ... .. GNS .. .PITLPCRIKQI INMWQEVGKAMYAPP IR
ALA1 CNSTQLFNSTW. .. ..N....STEGPKGSNNTEEN. . |ITLPCRIKQIVNMWQEVGKAMYAPPIE
JRCSF CNSTQLFNSTW. . . .. .. .. NDTEKSSG..TEGNDT I' LPCRIKQI INMWQEVGKAMYAPP I K
JRFL CNSTQLFNSTWN. . .NN. .TEGSNN. . TEGN.T.ITLPCRIKQI INMWQEVGKAMYAPP IR
SF162 CNSTQLFNSTW. .. .NN. ... .TIl..GPNNTNG..T.ITLPCRIKQIINRWQEVGKAMYAPPIR
SF33 CNTTKLFNSTWN...ENSTWNAT ....... GND. . T.ITLPCRIKQIINMWQEVGKAMYAPPIE
oYI CNTSQLFNSTW. . . .. .. .. NDTT. .RANSTEV. . T.ITLPCRIKQIVNMWQEVGKAMYAPPIS
SBB CNTTKLFNSTWN. . .DSSTWNV .ERSSKAEEND . .. ILTLQCRIKQIVNMWQEVGKAMYAPPIR
SBC CNSTQLFNSTWY .. .SNNTWN.GT. ... .. GGEN. . .ITLPCRIKQI INMWQEVGKAMYAPPIR
TIBR1 CNTTELFNSTWN. . .N... . GTFEGTNSTERND..T.ITLQCRIKQI INMWQKVGKAMYAPPIR
WM CNATQLFNSIWN. . .GTN. . .GTEGSNNTG. .D. . .SITLPCRIKQI INMWQEVGKAMYAPPI A
Jy1 CNTSRLFNSTWN. . .SS.TWNNDT. .. .LNSEG..T.IKLPCRIKQIINMWQGVGKAMYAPPIE
FLD21 CNTTQLFNSIWM...TNGTWYGTEGSNNTG. EN. ITLPCRIKQIINMWREVGKAMYAPPIR
FLPA24 CNTTQLFNSIWM. . . ANSTW. . .KGSNNTG. .EN. I LPCRIKQI INMWQEVGKAMYAPPIR
FLPA25 CNTTQLFNSIWM. . . ANSTW. . .KGSNNTG. .EN. I' LPCRIKQI INMWQEVGKAMYAPPIR
FLPA28 CNTTQLFNSIWI .. . ANSTG. . .KGSNNTG. .EN. Il LPCKIKQI INMWQEVGKAMYAPP IR
FLPE21 CNTTQLFNSIWM. . . ANGTT.. .KGPNNTG. .EN...ITLPCRIKQIINMWQEVGKAMYAPPIR
FLQ108 CNTSQLFNSTWK. . .FESTWN. . .RTNGSEGND. ..TITLPCRIKQIVNMWQEVGKAMYAPPIR
FLQ727 CNTTQLFNSTWN.. .DTSTWNGTNESNNTGGND .. .TLILPCRIKQIINMWQEVGKAMYAPPIR

Figure 1. Sequence Homology of Independent HIV-1 Isolates from the Child.
DNA isolated from peripheral-blood mononuclear cells cocultured with peripheral-blood mononuclear cells from the child (BC) were
amplified by PCR with the 5’ primer, env22 (GTGGAGGGGAATTCTTCTACTGTAA), and the 3’ primer, env21 (GGTACCACCATCTCT-
TGTTAATAG).® The nucleotide sequence was determined from independent M13 subclones of PCR-amplified regions of the HIV-1
V4/CD4-binding domain. The region sequenced corresponds to the region identified in the HIV data bases as extending from amino
acid 364 to amino acid 406 of the env consensus sequence.® Twenty-eight independent clones were sequenced from HIV-1 cultured
from the blood sample obtained on day 19 from the infant, and five independent clones were sequenced from HIV-1 cultured from the
sample obtained on day 51 (Table 1). Of the 28 clones from day 19, 23 were identical (represented by BC11-1; BC11-14 differs in the
nucleotide sequence but is identical in the amino acid sequence). Of the five clones obtained from day 51, four were identical (BC21-
2) and were identical to BC11-1, the majority type from day 19. Maternal HIV-1 sequences were derived similarly, except that PCR
was performed directly on DNA from peripheral-blood mononuclear cells obtained 12 months after delivery. Two clones had sequences
identical to MC10-2, and four had sequences identical to MC10-10. All the other maternal sequences were unique. B1VC1, B3VC14,
and B2VC3 denote HIV-1 sequences from three infants born in California; BRU and OYI are isolates from western Europe; JY1 is
from Zaire; and all other HIV-1 sequences are from North America.
The amino acid sequences for BC (the samples from the child, obtained on two days), MC (the mother), and selected HIV-1 sequences
from the GenBank are shown in alignment, with the single-letter code for amino acids used. The consensus sequence for this region,
as determined, is indicated at the top. In this sequence, uppercase letters indicate amino acids that are invariant, and lowercase letters
indicate amino acids that are conserved in most HIV-1 strains. Question marks denote regions of nonconservation. The symbol “#” in
BC11-6 denotes an insertion mutation with an extra C; CCC, the codon for P, is changed to CCCC. “$L" is a deletion mutation in BC21-
2; ACA, the codon for T, is changed to A because of the deletion of two nucleotides. Underscoring indicates a minor difference in the
sequence. Therefore, the amino acids shown after these positions would, in reality, each undergo a frame shift.

persistence in the infant of infected maternal cells that
are ultimately cleared. This is less plausible in this
case because there were 19 days to the first positive
culture from the infant and infection persisted in the
infant for at least 1 month in association with plasma
viremia, suggesting a primary infection.! Even if there

were infected maternal cells, they would not explain
the failure of the virus to establish infection in the
infant.

The infant had an HIV-1-negative blood sample at
birth and a positive 19-day HIV-1 coculture, which sug-
gests that he acquired the infection during birth, in ac-
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cordance with current proposed working definitions of
intrapartum and in utero transmission.!! The mother
may have had primary or recent HIV infection during
pregnancy for several reasons: her absolute CD4 cell
counts were in the normal range, she was sexually ex-
posed to a former intravenous drug user during ges-
tation, and she remained asymptomatic with normal
CD4 cell counts over the four subsequent years.

A number of studies of maternal-fetal HIV trans-
mission describe other seroreverting infants with some
unexplained positive results, including isolated tran-
siently HIV-positive blood cultures, positive serum p24
antigen tests, or both. Borkowsky et al. described 4 of
14 seroreverting well children who had transient p24
antigen in their serum at the age of several months,'?
and De Rossi et al. found 3 of 74 seroreverting infants
with transiently positive results of PCR, viral culture, or
both.!® In several large perinatal cohort studies, a small
group (2.5 to 4.7 percent) of seronegative children born
to HIV-positive mothers has been identified who had
transiently positive viral markers.>'* Baur et al. de-
scribed one child with clearance of virus, but the fol-
low-up of that infant was limited."” A recent report
found two seroreverting, clinically well children who
had initially positive PCR results in early sequential
samples, with subsequent tests that were repeatedly
negative.'®

Cases such as these have usually been dismissed as
laboratory mistakes. In rare cases there have also been
reports of infants who became seronegative at the age
of 1 year and then became seropositive between 12 and
30 months of age.'? The child we describe, however,
had no evidence of HIV infection by any laboratory or
clinical measure at the age of five years. He has had no
lymphadenopathy for five years, and has had normal
neurologic function and growth during that period. Of
course, we cannot exclude the remaining possibility —
that this child has silent or “hidden” HIV infection in
some privileged site such as lymph nodes or the brain.!’

Our results indicate that clearance of HIV can occur
and may be underrecognized. These findings may also
have implications for the sexual transmission of HIV in
adults. Previous studies of HIV-1-seronegative homo-
sexual men who are at high risk have suggested that
“abortive infection” may have occurred, although this
issue has been very controversial.'®?? Recently, Clerici
et al. detected T-cell responses to HIV peptides in ho-
mosexual men at high risk and in a subgroup of infants
born of HIV-infected mothers, who all remained sero-
negative despite potential exposure to HIV. These stud-
ies suggested that early cellular immune responses, as
measured by the proliferation of interleukin-2 to HIV-
specific peptide antigens, may be associated with the
absence of infection.??? Other reports have detected
HIV-1-specific cytotoxic T-cell responses or lympho-
proliferation in response to HIV antigens in the periph-
eral-blood cells of seroreverting infants born of HIV-
infected mothers.?'2627 Whether there is an immune
response to transient infection or an exposure to de-
fective virus or HIV antigens without infection is un-
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known. The child we studied had no detectable prolif-
erative response in his peripheral-blood cells to HIV-1
MN or IIIB envelope antigens, but further studies with
autologous and maternal virus are in progress.

Understanding the mechanism of clearance based
on either the biologic characteristics of the virus or the
immune response of the host could have profound
implications for HIV-1 therapy and vaccine develop-
ment. Potential exposure to low-dose virus or viral an-
tigens in the presence of maternal antibody may only
serve to immunize the infant and create a long-term
specific immunity without the production of antibody,
as has recently been proposed.” Zack et al. have re-
ported in vitro results indicating that in quiescent pe-
ripheral-blood mononuclear cells, the HIV-1 genome is
represented in the form of partially completed reverse
transcripts that are labile and have an intracellular
half-life of approximately 24 hours before they are
cleared without evidence of integration.® Although
there are no in vivo data, these data provide some lab-
oratory rationale for the ability of the host to eliminate
the virus in peripheral-blood lymphocytes with low-lev-
el exposure without immune stimulation.*® However,
the child we studied had virus that was detectable for
at least 32 days.

Further careful study of infants with potential expo-
sure to HIV and evidence of clearance of the virus
should provide important insights into the pathogene-
sis of HIV and explain further why over 70 to 80 per-
cent of infants born to HIV-1-infected mothers escape
infection.

We are indebted to Dr. Ray Apple and Henry Erlich of Roche Mo-
lecular Systems for kindly performing the assays of genetic markers;
to S. Gillette, M. Dillon, and E.R. Stichm for their help with this case;
to T. Rossomando and W. Aft for assistance in the preparation of the
manuscript; to N. Martin and D. Wara (of the University of Califor-
nia, San Francisco) for performing the HIV IgA assay, to Dr. Steve
Wolinsky for his helpful comments and review of the manuscript; and
to the late Elizabeth Glaser for her continued inspiration.
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