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Detection of human immunodeficiency virus-type 1 (HIV-I) on only one or a few occa- 
sions in infants born to infected mothers has been interpreted to indicate that infection 
may be transient rather than persistent. Forty-two cases of suspected transient HIV-I 
viremia among 1562 perinatally exposed seroreverting infants and one mother were 
reanalyzed. HIV-I env sequences were not found in specimens from 20; in specimens 
from 6, somatic genetic analysis revealed that specimens were mistakenly attributed to 
an infant; and in specimens from 17, phylogenetic analysis failed to demonstrate the 
expected linkage between the infant's and the mother's virus. These findings argue that 
transient HIV-I infection, if it exists, will only rarely be satisfactorily documented. 

O n c e  an  individual is infected n i t h  HIV-1, 
this infection appears to he present for the 
lifetlme of the individual, altlioupli the rate 

u 

of progressLon to disease ma\; varv. Tran- 
sient HIV-1 infection has been proposeil in 
a series of cases based on virologic (1-3) or 
immunologic criteria (4);  lion;ever, n o  cases 
have been unambiguously confirmed by ge- 
netic analyses of the  virus (5) .  If transient 
infection occurred. elucidation of the fac- 
tors result~ng in virus clearance may provicle 
insight into the correlates of protective i n -  
munity. T h e  goal of this project was to 
identify and study individuals transientl\- 
infected with HIV-1. 

Here a reanalvs~s 1s  resented of 43 cases 
of apparent transient viremia (42 infants 
born to HIV-1-infected mothers and 1 
mother). Transient 1-iremia was defined as 
one or more positive cultures or polymerase 
chain reaction (PCR) assays for HI\'-1 anil 
the sul~seauent inahilitv to detect HI\/-1 in 
the speci~ne~ls o n  multiple occasio~ls or se- 
roreversion, or hotli. Fortv-one cases oc- 
curred among 1561 infants in five studies of 
mother-to-infant HI\"-1 transmission. Sam- 
ples from these 41 cases were obtai~ieil from 
the University of \XJashington, the North 
Shore Hospital (2) ,  the Pediatric AIDS 
Cli~iical Trials Grouk;. 976 Study (6), the 
Centers for Disease Control and Preven- 
tion's (CDC's) New York Perinatal HIV-1 
Tra~isnliss~on Study (7), and the Ariel 
Project (8). The  ~nfants '  specmens taken o n  
the date of the positive virus assay, and their 
motliers' blooil speclmens, n-ere anal\-zed by 
nested PCR (nPCR) for HI\'-1 genes (9). 

Escept for specinle~is from the C D C  study, 
the motliers' and infants' speclmens were 
amplifiecl ;inid sequenced in separate lahora- 
tories to exclude the possibility of cross- 
contamination. Rare somatic genotypes \yere 
used to determine whether HIV-1-positive 
specimens from the C D C  study n-ere consis- 
tent with the HI17-1-negative speci~nens 
f r o ~ n  the saine infant or if ~nislabeli~ig of tlie 
positive spec i~ne~ i  liad occurrecl ( iC) .  111- 
fants' e n 1  sequences were coinpared to their 
mothers' virus for relatedness by phyloge- 
netic analys~s (1 1)  ( Tahle 1) .  

In tliese five studies of mother-to-infant 
H117-1 transinisslon, infa~its liad been tested 
a iliedian of three times hv culture or PCR 
for ding~iosis of HI17-1 i1,fection. A ~ n o n g  
tliese studies, HIV-1-positive specimens oc- 
curred in 9.4 to 2.9% of the  infants that 
nere  perinatall\; exposed to  HIV-1 and were 
ultimately virus-negative or seroreverting, 
or both. O n  reanalysis, viral sequences were 
not amplified from separate aliquots of pre- 
\.iously positive specimens or from other 
spec i~ne~ l s  that \\,ere available from 16 in- 
fants (Table 1 ) .  gag sequences hut n o  ent 
sequences were amplified from four infants' 
specimens, probably retlecting PCR car- 
ryover c o n t a m ~ n a t ~ o n .  Human leukoc\-te 
antigen (HLA)  typing ( 1  C,  12)  of infants' 
specinlens revealed mislabeling in five cas- 
es, and in tliese n o  furtlier viral genetic 
analyses lvere done. \'iral seiruences were 
detecteil but n o  phylogenetic' linkage was 
found between maternal and infant e i l t ,  se- 
quences in 15 cases (Figs. 1 and 2) (12) .  
Tliese included case 19-298, in n-hich two 

shared one haplot\-pe n.ltli each ~ n a t e r ~ l a l  
locus, n.hich suggesteLl mislahel~ng of a sib- 
ling's specimen. 

Speci~nens  nere  also studied from one 
mother and her child, hotli xvitli suspected 
transient viremia. T h e  mother liad tn-o and 
tlie infant three positive H1l'-1 cultures, 
hut subseauently both ~ndlviduals became 
negative for HI\'-1 by nPCR, standard virus 
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cultures, CDSf -depleted virus cultures, and 
en:yme-linked immunosorbent assay ( 1  2 ) .  
HIV-1 R N A  and D N A  were not detected 
in two lvmnh liodes taken from the  mother . L 

3 and 4 years after the last virus-positive 
culture. PCR amplification and D N A  se- 
cluencing of HI\'-1 eize, sequences from the  
mother's tvvo and the  child's three culture 
supernatants were performed in separate 
laboratories to elilnil~ate the  ~ossibili tv of 
cross-contamination. Phylogenetic analysis 
found that none of the  five isolates were 
genetically llnked (Fig. 3) (1 2).  r i l t h o ~ ~ g h  it 
is improbable, these five virus isolates ap- 
pear to have arisen from five separate inci- 
dents of specimen contamination or mis- 
labeling. This case reinains enigmatic, 11oa.- 
ever, in that both the mother and infant 
had strong C D 8 +  cytotosic T lymphocyte 
(CTL) responses and lymphocyte prolifer- 
ation to lnultiple HIV-1 antigens (1 2) .  

I11 all 43 cases of suspected transient 
HIV-1 infection reported here, transient 
viremia was ruled out by genetic criteria. 
PCR failed to confirtn the virus in specimens 
froin 2C cases, and these were considered to 
be falsely positive in the initial tests. Typing 
of solnatic loci demonstrated nonconcor- 
dance betn.een genotypes from the virus- 
positive and virus-negative specimens attrib- 
uted to six infants (five infants from the 
C D C  study and infant 076cE), \vhich indi- 
cates that specimen ll~islabeling was respon- 
sible for the positive test result. Phylogenetic 
analvsis of e m  seiluences failed to identifv 
the expected mo11~~11yletic relationship o; 
linkage between infant and maternal viral " 
sequences in 17 cases, which indicates spec- 
imen mislabeline or laboratorv contamina- 
tion. ~urthermor;, resistance ~ ~ ' H I v - 1  infec- 
tion 011 the basis of a homozygous deletion 
~ i t h i n  the CCR5 gene (1 3) nias also exclud- 
ed in all 29 infants tested. Thus, each case of 
suspected \.tremia vve investigated appeared 
to be due to sample mislabeling or laboratory 
contamination. 

Previous reports proposing transient 
HIV-1 infection have presented either vi- 
rologic or iinlnul~ologic evidence of infec- 
tion. In one case (1)  HIV-1 sequences from 
tn7o of an  infant's specimens taken a t  dif- 
ferent times mere phylogenetically linked 
with each other; hotvever, linkage was not  
established to virus from the  infant's moth- 
er (5, 14). Although rare somatic genetic 
markers linked the child to stored PBMCs 
taken a t  the same time as olle of his HIV- 
1-positive cultures, the presence and genet- 
ic characterization of viral sequences from 
the  PBblCs were not  reoorted. Thus, the 
lack of phylogenetic linkage between viral 
sequences ascribed to the mother and child, 
and the  lack of confirmation of l-irus in  
banked PBMCs, serum, or plasma speci- 
mens genetically linked to the  child, dem- 

onstrate the  difficulty of proving transient child on t\\,o to seven occasions during the 
infection. first year of life, but the infants \\,ere all 

Less well studied were 15 infants reported ~rltimately determii~ed to be uninfected n.ith 
by t a o  different groups (2 ,  3) .  HIV-1 D N A  HIV-1. W e  evaluated specimens from two of 
was amplified from the PBh4Cs from each these cases (2) and were unable to confirm 

Fig. 1. Neighbor joining phylogenetc tree of HV-1 DNA sequences from cases of suspected translent 
HIV-I infecton from the A r e  Project cohort Nomenclature for each child sequence is as indicated in 
Table 1 (the XX-2XX series), wth  the correspondng mother sequence using a s~mlar identifier (the XX-I XX 
series). Examples taken from another study of monophyletic linked specmens from two confirmed cases 
of mother-to-infant HIV-1 transmsson are sholnin ithe 6B/6MXXX series and the 2BXW2MXXX seres) 
(23). In F~gs. 1 through 3, the scale bar indicates branch lengths corresponding to 10% sequence 
divergence. Additional sequences shown In F~gs. 1 through 3 are taken from GenBank. These GenBank 
sequences correspond to common laboratoty strains, plus some sequences that illustrate the lack of 
monophyly between mother and Infant pairs-sequences that are more closely related to a mother's virus 
than are those attributed to her infant: bru. K02013: cam, D l01 12: d31, U43096; ell, K03454; jrcsf, 
M38429: jril. U63632: ma6. M79352; mn, M17449; ny5, M38431; oyi, M26727; ri-hat3, M17451; sf2. 
K02007; sc, M17450, th14. U08801; tp3. U95452; ug273. L22957: yulO. M93259. 

Fig. 2. Ne~ghbor jo~n~ng phylogenet~c tree of HIV-I DNA sequences from cases of suspected transient 
H V  infection from the UW, ACTG 076, and CDC Nevi York cohorts. The nomenclature for each chid 
sequence s as ndlcated in Table 1, and maternal virus sequences are indcated ~11th the same 
nomenclature, subst~tutng m" for "c" in the name. No sequence is sholnin from mother-child par076cH 
(see Table 1) because of a shorter read length. 
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Table 1. Laboratoty test results that suggested transient H V - 1  vremia and ing or contaminaton in the remaining 23 cases. UW, the University of Wash- 
subsequent testng of infant specimens are shown. Reanalyss d d  not sup- ington: Norih Shore, the North Shore Hosp~ta l ,  ACTG 076. the P e d a t r c  A D S  
port transent infect~on: H V - 1  env could not be a m p f e d  from 2 0  cases, and C lnca l  Trals Group 076  Study. 
somatic genotyp~ng and phyogenetic a n a y s s  revealed specmen mislabel- 

Initial tests. Age (weeks) at PCR reanayss of specimens from date of positve test 
posit~ve test Plasma PBMC5 Serum Culture 

Study name and Somatic Phylogenetc 
part~cipant number 

DNA RNA PBMC env 
genotype l~nkage 

env env env 
PCR PCR culture C2-"5 gag gp760 C2-V5 gag C?L5 C2-\/5 

Mother and child 
Mother 13'91) 
Mother (6'91) 
Ch11d (3'90) 
Ch~ld (5'90, 
C h d  (9'901 

UW cohort 
UWcC 
UWcB 
UWcA 
UWcl 

North Shore 
NScl51 

ACTG 076 

0 7 6 ~ 2  
076cF 
076cE 
076cD 

CDC NY study 
CDC66922 (cA) 
CDC66937 

CDC804267 (cB) 
CDC800210 
CDC804270 
CDC892921 

Arie Pro~ect 

'Sequence vtualy dentica to the aboratoq stran HV-1 -Lai! B iTwo of 10 PCR reactions positive: sequence found to be gag frorr cade A ;The NASBA QT assay kit was used 
for detection %The NASBAQLassay k~ t  was used for detecton. I PCR was done overV3 plus flanking regions (27) TPCR was done with the use of several sets of env PCR primers 
(22). -1lndetermnate PCR, indtcatng a weakly positive sgnal. '*Ths PBMC sample was intiay PCR-negatve but was positive upon repeat testify Phyogenetic analysis st-owed that 
t was not Inked to the mother's wrus but was vitualy identical to the laboratory stran HV-1 -MN. I-:-Virtually identical to the laboratow strain HV-I-RF. 
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the presence of HIV-1 nucleic acids. 
Transient HIV-1 infection of infants has 

also been argued on the basis of multiple 
positive tests for HIV-1, which would be 
predicted to occur rarely (15). This analytic 
approach assumed the independence of 
each test result and thus did not recognize 
the nature of PCR carry-over contamina
tion, which may cluster within laboratories. 
Also, the amplification of only one of three 
HIV-1 genes was used to define a positive 
PCR test; this favors the categorization of 
carry-over contamination as infection. Our 
studies demonstrate that claims of transient 
infection based only on multiple positive 
tests for HIV-1 in an infant are not valid. 

It has also been suggested that transient 
infection occurred in the wife of an HIV-
1-infected individual, based on the fact 
that HIV-1 gag was found in PBMC DNA 
on one occasion (16). On reanalysis, this 
specimen was linked to the woman by so
matic genetic markers, gag was reamplified, 
and env was amplified. However, HIV-1 
RNA was not detected in the specimen, 
and testing of a separate aliquot of the 
specimen was not reported. Furthermore, 
the phylogenetic relationship of the wom
an's virus to the purported source of her 
infection, her husband, was not evaluated. 

We suggest that substantiation of tran
sient infection requires demonstration of 
genetically linked viral strains in the donor 
and the recipient by phylogenetic analysis 
of viral DNA (11). Studies of the donor and 
recipient specimens should use previously 
unmanipulated aliquots of the specimens, 

the identity of which should be proven by 
somatic markers (10). Ideally, separate lab
oratories should evaluate the donor's and 
recipient's specimens with reagents pre
pared separately by different personnel. We 
disagree with the recommendation that 
heteroduplex techniques be used (17), 
which would involve concomitant handling 
of PCR products from the donor and recip
ient. Linkage between presumed donor and 
recipient specimens should be verified by 
analyses of more than one separate phylo-
genetically informative region of the viral 
genome, such as env plus the gag pi7 coding 
sequence (18), preferably using a separate 
aliquot of the specimen, to help rule out 
PCR carry-over contamination. 

The utility of immunologic testing as ev
idence for past transient HIV-1 infection 
requires further substantiation. For example, 
the significance of specific cell-mediated im
mune responses detected in individuals who 
have had known exposures to HIV-1 but 
have remained seronegative and HIV-1-
negative by culture or PCR analysis (4) 
should be critically investigated. In addition, 
such studies should involve concurrent test
ing of matched HIV-1-unexposed control 
specimens. HIV-1-specific CTLs are gener
ally thought to result from antigens synthe
sized within the presenting cell and thus to 
require viral infection. However, several ob
servations suggest that the presence of spe
cific CTLs may not require a productive 
infection. For example, exposure to nonrep-
licating Sendai virus has been observed to 
result in specific CTLs (19). A strong cellu

lar immune response was detected in both 
the mother and child of the pair we reported 
who had suspected transient viremia, and 
although the mother reported sexual expo
sures to HIV-1-infected partners, the child 
had no known exposure to HIV-1 (12). 
HIV-1-specific CTL precursor cells also 
have been detected in other people not 
known to have been exposed to HIV-1 (20). 
The events eliciting HIV-1-specific CTLs 
and other cellular immune reactivity among 
these uninfected and presumably unexposed 
individuals require definition. 

Unlike immunologic studies, genetic 
analyses can directly and critically evaluate 
cases of suspected transient viremia. No 
case thus far reported has satisfied the viral 
and host genetic characterization criteria 
described here for the verification of tran
sient HIV-1 infection. Our negative studies 
of 43 cases of suspected transient infection 
indicate that the phenomenon of transient 
HIV-1 infection remains to be proven and 
that most cases suggestive of transient 
HIV-1 infection are cases of mislabeling of 
specimens or their contamination in the 
laboratory. 

REFERENCES AND NOTES 

1. Y. J. Bryson et al., A/. Engl. J. Med. 332, 833 (1995). 
2. S. S. Bakshi, S. Tetali, E. J. Abrams, M. O. Paul, S. G. 

Pahwa, Pediatr. Infect Dis. J. 14, 658 (1995). 
3. P. A. Roques et al., AIDS 1995 9, F19 (1995). 
4. W. Borkowsky, K. Krasinski, T. Moore, V. Papaevan-

gelou, AIDS Res. Hum. Retroviruses 6, 673 (1990); 
M. Clerici etal., J. Infect. Dis. 165, 1012 (1992); R. 
Cheynier et al., Eur. J. Immunol. 22, 2211 (1992); M. 
Clerici et al.,AIDS 7, 1427 (1993); S. L. Rowland-
Jones et al., Lancet 341, 860 (1993); S. L. Rowland-
Jones et al., Nature Med. 1, 59 (1995); M. Clerici et 
al., JAMA 271, 42 (1994); A. De Maria, C. Cirillo, L 
Moretta, J. Infect Dis. 170, 1296 (1994). 

5. M. O. McClure etal., Nature 375, 637 (1995). 
6. E. M. Connor and L. M. Mofenson, Pediatr. Infect. 

Dis. J. 14,536(1995). 
7. R. W. Steketee et al., J. Infect. Dis. 175, 707 (1997). 
8. Y. Cao et al., Nature Med. 3, 549 (1997). 
9. L. M. Frenkel etal., Clin. Infect. Dis. 20, 1321 (1995). 

Reaction conditions plus a detailed list of PCR prim
ers covering the gag, pol, and env regions used for 
assessing HIV-1 infection are provided in {12). For 
phylogenetic analysis, a 650-base pair (bp) region of 
HIV-1 env, corresponding to the V3 through V5 re
gion, was amplified by nPCR with primers ED5/12 
and ES7/8 [E. L. Delwart et al., Science 262, 1257 
(1993)] and cloned into plasmids. Four to six clones 
from each specimen were sequenced. In the case of 
the CDC specimens, direct sequencing of 345 bp of 
the V3 and flanking regions was done as previously 
described [H. W. Jaffe et al., Ann. Intern. Med. 121, 
855(1994)]. 

10. Independently segregating loci or the HLA-DQa lo
cus were used to evaluate the identity of patient 
specimens. The former included HLA-DQA1, low-
density lipoprotein receptor, glycophorin A, hemo
globin G gammaglobin, D7S8, and a group-specific 
component (GC) (AmpliType PM PCR Amplification 
and Typing Kit, Perkin-Elmer, Foster City, CA). The 
combined power of discrimination for these six 
markers for Caucasians in the United States is 
0.9997. Discordance of the HLA-DQA1 loci (Ampli-
type HLA DQa Amplification and Typing Kit, Perkin-
Elmer) among the CDC infant's specimens was tak
en to indicate specimen mislabeling. When an in
fant's specimens had concordant HLA-DQa loci, the 

Fig. 3. Neighbor joining phylogenetic tree of HIV-1 DNA sequences from the mother-child pair in which 
both had apparent transient viremia. Five viral isolates are shown: three from the infant and two from the 
mother. No phylogenetic linkage was observed between these five isolates, although clones generated 
from three aliquots of each isolate demonstrated linkage within the isolate. A maximum likelihood 
phylogenetic analysis of representative sequences from the broader analysis shown here allowed us to 
reject the hypothesis of monophyly for the viral sequences attributed to the mother and infant (14) (P 
= 0.0003, Kishino-Hasegawa test). A detailed description of this case, including the virologic and 
immunologic analysis, can be found at Science Online (12). Each sequence is identified by "c" for child 
or "m" for mother, ml is from a sample attributed to the mother in March 1991; m2, in June 1991. d is 
from a sample attributed to the child in March 1990; c2, in May 1990; c3, in September 1990. The 
aliquot number and clone number (XcX) follow the hyphen. Bootstrap values (11) >800/1000 are 
reported at the nodes. 
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Genotyping of Single-Nucleotide tlve than currently used genetic marlters 
(3) ,  the\: are more abundant and have 

~olymor$isms in t h e ~ u m a n  Genome greater potential tor automation ( 4 ,  5). 
W e  ~erfortneci a n  initial survev to iden- 
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Single-nucleotide polymorphisms (SNPs) are the most frequent type of variation in the 
human genome, and they provide powerful tools for a var~ety of medical genetic studies. 
In a large-scale survey for SNPs, 2.3 megabases of human genomic DNA was examined 
by a combination of gel-based sequencing and high-density variation-detection DNA 
chips. A total of 3241 candidate SNPs were identified. A genetic map was constructed 
showing the location of 2227 of these SNPs. Prototype genotyping chips were developed 
that allow simultaneous genotyping of 500 SNPs. The results provide a character~zat~on 
of human diversity at the nucleotide level and demonstrate the feasib~lity of large-scale 
~dentification of human SNPs. 

A l t l ~ o u g l l  the  H u m a ~ ~  Genome Project still among individuals (1 ). This genetic diver- 
has tremetldous work aheaci to produce the  sity 1s of lnterest because it explains the  
first complete reference sequence of the  basis of heritable variation 111 disease sus- 
human chromosomes, attention 1s already ceptibility, as \\ell as harbors a record of 
focusing o n  the  challenge of large-scale human migrations. 
characterization of the sequence variation T h e  most common type of human genet- 

ic \,ariation is the SNP,  a ~ositio11 at which 
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two alternative bases occur a t  appreciable 
freilue~lcy ( > 196) ill the  11uma11 populatio11. 
There has been growing recognltlon that 
large collectio~ls of mapped SNPs \vould 
provicie a polverf~~l  tool for huma11 genetic 
studies (1 ,  2 ) .  SNPs can ser1.e as genetic 
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tify SNPs by using co~lventional gel-based 
D N A  sequencing to exa~nille sequence- 
tagged sites (STSs) distributeci across the  
human genome. STSs are short genon~ic  
sequences that can  he a~npl~fieci from D N A  
samples by rneans of a correspo~lding poly- 
merase chaill reaction (PCR)  assay. From 
alllong 24,568 STSs used in the construc- 
tion of a physical map of the  human ge- 
nome at  the R'hiteheaci Institute for Bio- 
lnedical Research/MIT Center for G e ~ l o ~ n e  
Research ( 6 ,  7), a n  initla1 collection of 
1139 STSs was chose~ l  (8). These STSs 
contained a total of 279 kb of genomic 
sequence (9 ) )  with one-third from rand0111 
genomic sequence anti two-thirds from 3'- 
encis of expressed sequence tags (3'-ESTs) 
anci primarily representing untranslated re- 
gions of genes. Each S T S  \vas amplified 
from four salnples (10):  three individual 
salnples and a pool of 10 ~ndiviciuals (there- 
by permitting allele frequencies to be esti- 
mated among 23 chromosomes). T h e  PCR 
products were subjected to single-pass D N A  
seque~lcing based 011 fluorescent-ciye prim- 
ers and gel electrophoresis; sequence traces 
were compared by a computer program fol- 
lowed by visual inspection (1 1 ). Callciidate 
SNPs were declared when two alleles were 
seen among the  three inciividuals, with both 
alleles present at a frequency greater than 
39% In the  pooled sample. T h e  term "can- 
didate SNP" is used because a subset of such 
apparent polymorpl~is~ns turn out to be se- 
quencing artifacts, as ciiscussed belolv. 

T h e  survey ident~fieci 279 c a ~ l d ~ d a t e  
SNPs, ciistributeci across 239 of the STSs. 
This correspo~lds to a rate of one SNP per 
1091 base pairs (bp) screened anti a n  ob- 
served nucleotlcie heterosygoslty of H = 

3.96 x l ? Y ( T a b l e  1). Expressed sequences 
(3'-ESTs) sho\ved a lower polymorphism 
rate than random genolnic sequence (\vith 
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