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Abstract: Problem statement: We studied in detail a case in which a nurse cddngn HIV-infected
child suffered a deep-laceration accident with aonihated bloodApproach: The patient had been
treated with zidovudine (ZDV) and the nurse becanfected despite prophylactic use of ZDV
initiated 2 h after the accident. A reactive anti/fH/2 EIA and an indeterminate western blot
(gp120/160 reactivity) were obtained from the nuosethe day of the accident, suggesting pre-
exposure infection. However, a negative western aial positive DNA PCR were documented 10
days after the accident and seroconversion occuaedadditional two weeks lateResults:
Phylogenetic analyses of HIV-1 tat and C2-C4-gp&20 regions confirmed that the nurse infected by
two different HIV-1 strains present in the childtré&ins present in both subjects revealed multi-
nucleoside resistant HIV-1. Dilutional serologicsudies using 10 HIV-infected patients’ sera
demonstrated that passive seroreactivity could rowdth infusion of less than 1 uL of blood when
highly sensitive assays are employ€&anclusion: This is the first well-documented case of passive
HIV antibody detection after a percutaneous exmmsiReactive baseline serology should not be
assumed to represent prior infection nor excludglpylaxis. Transmission of drug-resistant HIV-1
corroborates the medical history and supports dsdrug history and resistance testing to guide
antiretroviral prophylaxis.

Key words: HIV-1, passive transfer of antibodies, health aaogk accident, bottleneck, transmission
of resistant HIV-1

INTRODUCTION reducing the rate of HCW transmissfoh  Recently,
reports of expanding transmission of HIV that is

The average risk of Health Care Worker (HCW)resistant to antiretroviral therap[ijé§2] has further
infection by the Human Immunodeficiency Virus (HIV) complicated management of HCW cases. Indeed, a case
after a percutaneous exposure to contaminated h#ood has been recently described of transmission ofug-dr
approximately 0.39%%. Factors linked to increased resistant HIV-1 strain after an occupational expesu
risk of infection after percutaneous exposure idelu despite post exposure prophylaxis with a combimatio
whether the lesion is deep or caused by an insttumeantiretroviral regimeéfi® This has led to review and
with visible blood and whether the source patiesnati  revision of post-exposure prophylaxis recommendiatio
an advanced disease stage or has a high viratfoad for exposed HCW to include multi-drug regimens and

Case-control studies have demonstrated theonsideration of drug exposure and resistance lpsofi
efficacy of antiretroviral prophylactic therapy in of source patients.
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In this study we report a case of occupationalattributed to side effects of ZDV. It was decided t
exposure that occurred in the United States in 1883 discontinue the use of ZDV at that time. Two weeks
will be demonstrated, despite following all the later the tests were compatible with complete
recommendations suggested at the ffifhe blood seroconversion to HIV, with EIA reactivity and a
exposure from a source patient infected this HC\Wh wi positive Western blot.
an antiretroviral drug-resistant HIV-1 strain. Qufethe The nurse was a white female in her thirties who
factors that makes this case particularly importatitat  had never had a blood transfusion. She denied lse o
transient seroreactivity was documented by enzymeinjection drugs and reported that she had beebateli
linked immunoassay (third-generation HIV-1 and 2in the 6 years preceding the accident. Table 1 shbev
EIA) and Western blot (indeterminate classificationprogression of the diagnostic exams made on the
with gp120 +/- and gp160 1+bands) performed on theyurse’'s samples.
blood sample collected from the health professi@nial Further study detailed below was done to
after the exposure event. Thus, this case draestith  investigate the genetic linkage between the HIV-1
to the possibility of detecting passively transedtt population present in the nurse and the putativecgo
antibodies if assays of extreme sensitivity areduse patient and to study the level of inoculum requifed

Such a finding could result in misdiagnosis of prio producing passive anti-HIV reactivity.
infection in the HCW and consequently, an

inappropriate decision to discontinue post-exposure MATERIALSAND METHODS
prophylactic therapy.
Informed consent was obtained from the nurse and

Case description: A nurse who was caring for an HIV- from the child’s parents prior to access and sufdhe
infected child was covering a blood collection tubestored samples.
when it broke. The glass went through her glovetaed
skin of the palm of the hand, causing a cut oneSamples evaluated: Peripheral Blood Mononuclear
millimeter deep and three centimeters long that wa&ells (PBMC) collected from the nurse 20 days after
grossly contaminated with the patient's blood. Thethe accident and serum from the child taken 10 days
nurse promptly washed the lesion using iodatecafter the accident, were available for analysise Th
solution, water and soap. The contaminated bloatl hasamples were HLA typed through allele-specific PCR
been collected from a three-year-old patient withusing radioactive markétd to verify that they
documented HIV infection and clinical AIDS. The belonged to different individuals. Aliquots of tlees
patient had been treated with ZDV 120 mg PO egery samples were independently and simultaneously
h during the 21 months preceding the accident. Th@nalyzed in three different institutes: Blood @estof
viral load of the patient was not available, bt @D4 the Pacific (BCP), in San Francisco, California
lymphocyte count measured three weeks earlierias (specimens from the nurse and child), the Universit
cells mm?. Washington (UW) in Seattle (for specimens from the

The written report of the accident indicates thatNurse) and Children’s Hospital and Medical Center
during her first physical exam, the nurse did rfodve (CHMC) in Seattle (for specimens from the child).
clinical abnormalities. She started prophylactie as
ZDV 2 h after the accident. A blood sample colldcte Extraction of nucleic acids and PCR amplification of
from the nurse on the same day of and subsequémé to HIV-1 sequences. For experiments done at BCP, DNA
accident was reactive for antibodies against HI%-1/ from mononuclear cells and plasma RNA were
tested using the Abbott® 3A77 EIA,third-generation extracted using the QlAamp Blood and QlAamp Viral
recombinant DNA antigen-sandwich EIA test. An RNA kits (QIAGEN Inc, Santa Clarita, CA),
indeterminate result (gp120 +/-, gp160 +) was oletdi respectively. The extracted RNA was reverse
on the Western blot assay. Follow-up tests werdranscribed to generate a complementary DNA that
requested and a Western blot of a sample colletfied could be amplified by PCR!. Experiments performed
days after the accident was negative, but a DNA PCRt the UW and CHMC used in-house rapid ySigo
from the same sample was positive. On the daysethe obtain cellular DNA.
results were discussed with the nurse (13 détgs At each institute, fragments encompassing the V3
the accident) she was reporting fatigue, malaiss bf  to V5 region of the env gene of HIV-1 were amptifie
appetite, nausea and vomiting, symptoms which wergsing nested PCR resulting in an approxirge&sD
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base pair fragment (HXB2 coordinates 7001-7647using BLAST?*?® Phylogenetic reconstructions were
GenBank access number K03455). The env primetreated using maximum likelihood estimatf@nunder
sequences and PCR conditions used are publishaeky models of evolutioR”? (model details are
elsewherg’. available from the authors upon request) with the
PCR products were amplified under conditionscomputer program PAUP* version 4.0f£0 Bootstrap
compatible with the end-point dilution technique supporf® of phylogenetic relationships were calculated
described by**¥ followed by DNA automated using neighbor-joining trees. Only sequences geéeera
sequencing. At the BCP laboratories, Heteroduplexat the BCP are presented in the alignment and
Mobility Analysis (HMA) was done using env (C2-V5) phylogenetic analysis in this study, since the work
PCR products as describedy In a first experiment, generated at the UW and CHMC confirmed the overall
env PCR products from the source patient were gaireresults.
and analyzed by HMA. This procedure demonstrated

the presence of two distinguishable virus popufetio serym dilution studies: Five-fold serial dilutions were
among the patient's env amplicons. A representativgrepared from the serum of 10 HIV seropositive
PCR product from each of those two populations wagatients (5 asymptomatic and 5 with clinical AlD&)
used as a probe to trace similar sequences ambng gh interval of 1:51:5" using HIV-1 seronegative
other env PCR products from both the child and theyormal donor serum as diluent. Each dilution watet:
nurse using Heteroduplex Tracking Assay (HTA) ysing (1) ElAs containing HIV-1 viral lysate antige
After this initial screening, 13 env PCR produatsnf  (Abbott Diagnostic Systems, Abbott Park, IL and
the child and 17 from the nurse were selected fAD  Genetic Systems, Redmond, WA); (2) third-generation
sequencing. en?CR products independently generatedantigen-sandwich EIAs for detection of HIV-1 and -2
at the UW and CHMC laboratories were DNA (Abbott and Ortho Diagnostic Systems, Raritan, NJ);
sequenced (13 from the child and 3 from the hemte  (3) HIV-1 viral lysate Western blot (Ortho) and (4)
worker). recombinant immunoblot assay (RIBfgy HIV-1 and -2

At the BCP laboratories, nested PCR of the samgChiron Corporation, Emeryville, CA).
samples were performed to amplify the first exorabf
(HXB2 coordinates 5905-6133, 285 Bf) and the RESULTS
Reverse Transcriptase (RT) coding region of pol
(HXB2 coordinates 2518-3320, 750 bp). The primers  Table 1 shows the time course of samples evaluated
and PCR conditions used for RT amplification from the nurse and child and summarizes resulthef
combined the procedure of Kozetlal.”? for the first  HIV serologic and viral nucleic acid amplification
round and with that described by Frenkelal.”® for  45says. Table 2 shows HLA typing that confirmed tha
the second round. the samples from the nurse (serum collected 10 days
post exposure) and child (PBMC collected 20 daygt po
accident) were genetically discordant and thusectéd
from different individuals.

DNA or cDNA sequencing: At BCP, sequencing was
done using the alfexpress automated sequencehdor t
separation of the sequencing products obtained thvth

Thermo Sequenase kit (Amersham Pharmacia Bimedl’-?elationship between viruses from the putative
Piscataway, NJ). At the UW and CHMC, reactions werey, v ce patient, the child and the exposed HCW:

done with commercially available kits (Dye Termmat gy region sequence analysis: A total of 30 PCR
Sequencing kit, Applied Bio Systems, Foster Cith)C  amplicons for the env gene were sequenced from DNA
and separated on an automatic ABI model 377. In alom the child’s sample while 17 env gene sequences
sequencing reactions, products labeled with flumes \vere derived from RNA from the nurse’s sample. To
molecules were present either in the primers dthé  control for the potential for sample mix-up or
terminators included with the kit reagents. All the contamination, a search for similar sequences was d
sequences produced for the env region (GeneBank three databases: Gen Bank (Rockville MD), the Lo
accession numbers: pending) were compared witlethosAlamos National Laboratory (LANL) HIV-AIDS
already available in HIV-1 genome databases (localdatabase and a database of sequences determined
GenBank and the Los Alamos HIV sequence databaseyjithin the laboratories at the UW andHMC.
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Table 1: Laboratory studies of the nurse’s seenim samples for direct (p24 antigen; RT-PCR; DNZR or indirect (ELISA; Western blot)
detection of HIV infection. The days are expressgative to the date of the occupational accident

Day -659 -576 -493 -434 0 (Day of accident) 10 21 4 2
HIV-1 viral lysate EIA Neg Neg Neg Neg

HIV-1/2 recombinant antigen EIA Neg Pos Pos
Western Blot Ind Neg Ind Pos

P24 - - + +

gpal - - - +/-

P51 - - - +-

P66 - - - +/-

Gp120 +/- - - +/-

gpl60 2+ - +/- +
HIV-RNA (RT-PCR) Neg

HIV DNA (qualitative PCR) Pos Pos Pos

HIV RNA (quantitative PCR) 417,000 copies
mL™?

P24 antigen EIA Neg 49 pg ML

Table 2: Allele-specific PCR for the determinatimfiHLA type in the nurse and patient samples

DR 1 DR 2 DR 4 DR7 DR11 DQB2 DQB 4 DOB5 DQBL60 DQB 603 DQB7 DQBS8
Nurse NEG NEG POS NEG NEG NEG NEG NEG NEG POS POS EGN
Patient POS NEG NEG POS NEG POS NEG POS NEG NEG NEGNEG

No sequence was sufficiently close so as to suggestrelationship between the viruses in the two infeti
specimen contaminati6fl. The closest sequence found consistent with direct transmission from the chddhe
was ~10% divergent (hiv509env; GenBank accessiomurse.
number L48063), a clade B virus from South Africa.
This finding was consistent with the distance to anEnv region Heteroduplex Tracking Analysis (HTA):
epidemiologically unlinked infection. In contrast, In addition to the V3-V5 amplicons sequenced at BCP
sequences from the nurse and child were more glose(n = 30), other products of the env PCR were amalyz
related (Fig. 2), with inter subject distances iagg by HTA. Based on the sequencing data, the products
from zero to 9% (4% average; Confidence Intervd) (C identified as 11746055 and 11746073 (obtained from
of 2-5%). In addition, two distinct populations of the child) were used as probes in the hybridization
sequences were found within the child’s sample (meaprocedures, representing the NCT/GPGR and
distance between populations: 6.98%, ed&hd7- DCT/GPGKA group sequences, respectively. With this
7.53%). approach, 12 additional sequences related to the
As may be seen in the alignment shown in Fign1, i NCT/GPGR (visualization of heteroduplexes when
addition to the remarkable nucleotide similaritgrtain  hybridized with 11746073, but not with 11746055y an
sequences from the nurse and child also sharettaarpa 15 sequences related to the DCT/GP&Kgroup
of deletions. As is usually the case, deletions andvisualization of heteroduplexes when hybridizedhwi
insertions of nucleotides were not considered in oul11746055 but not with 11746073) were identified
evolutionary distance studies. However, they camn, aamong the PCR products from the nurse's sample.
shown here, confer a specific signature to groups olnterestingly, a low prevalence of sequences of the
sequences. The same sequences that show deld§ons eDCT/GPGKA group among the products of the env
show a difference in amino acid sequence at thercro PCR of the patient was also observed using the HTA
of the V3 loop (GPGR for GPGK) and loss of the procedure (33 related to NCT/GPGR and only one to
highly conserved N-linked glycoslation site sequonDCT/GPGKA). Combining sequencing and HTA
spanning the N-terminus of the V3 loop (bold on theresults, the child presented 3 DCT/GP&HEAd 46
alignment, Fig. 1). The phylogenetic tree (Fig. 2)NCT/GPGR related sequences, compared to 24 and 46,
showing sequences from these two individuals in theespectively, from the nurse. Sequence 11760228 fro
context of sequences from epidemiologically unloshke the nurse was a recombinant between the two major
HIV from the GenBank database, show that both ggouppopulations present, defined by Boot Scan anafifis,
of sequences from both individuals form a uniquepresenting a 5' end related to the 11746055 anead3
cluster. All of the foregoing data indicate a closerelated to 11746073 (data not shown).
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Fig. 1a and b: Sequence alignment of amino acidedad by amplicons obtained from the C2-V4 regibnhe
child (identified by numbers starting with 1174@)dathe nurse (starting with 11760). Dots represent
identities; dashes represent amino acids deletibims.GPGR motif at the crown of the V3 loop and
the N-linked glycosylation site sequon are markelald (Panel a)

Tat region sequence and HTA analysis: The analysis (genetic distance of 2%I = 1-3 vs. 9%, CI = 8-10%).

of the sequences of the tat viral gene regionpath  These latter genetic distances are compatible with
limited to a reduced number of amplicons, resuited  previous data from cases of proven direct
similar pattern (Fig. 3). Although several seqeenm  epidemiological transmissiBf. Sequence 746086 was
the databases had more than 90% identity to thte tean outlier among this group (Fig. 3), suggesting th
seguences, comparisons of tat sequences from the nuexistence of two related yet distinct viral popidas in

and child demonstrated a much closer relationshighe child as found in env.
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Fig. 3: Maximum likelihood phylogram (-LnL = 1229.09)

representing the reconstruction of the phylogenetic
relationships between the taequences obtained
from the nurse (blue), the child (red) and 18
sequences chosen from GenBank. Thirty-five random
sequence addition iterations were used. Scale bar
represents 1% genetic distance (0.01
substitutions/site). Bootstrap values are shown at
nodes with greater than 70% support
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Fig. 2: Maximum likelihood phylogram (-LnL = 4221.80)
representing the reconstruction of the phylogenetic
relationships between the env (V3-V5) sequences
obtained from the nurse (blue), the child (red) agd
sequences chosen from GenBank. Ten random
sequence addition iterations were used. Scale bafhere was, as expected for epidemiologically linked
represents 1%  genetic  distance  (0.0linfections, near identity between the ampliconsivigd
substitutions/site). Bootstrap values are shown afrgm the two individuals (data not shown). Theyoals
nodes with greater than 70% support demonstrated  identical  Nucleoside  Associated

Mutation$*?, consistent with the known use of ZDV by
tat PCR products 760026 and 746086 were used ae child (M41L, D67N, T69D, K70R, H208Y and
probes in an HTK" with all the other tat PCR products |214F)?338

available from both subjects. An additional 4

amplicons derived from the nurse’s sample wereetyos Serial dilution studies: Figure 4 and 5 show the

related to 746086 (only homoduplexes), but not toseroreactivity of serially diluted HIV positive sima.

760026 (only heteroduplexes). Conversely, two otheps shown in Fig. 4a, the third generation HIV-1/H2V

tat amplicons available from the nurse were reldted E|As (Abbott and Ortho) were the most sensitiveagss

760026. The child's sample, however, hathe by end-point-dilution titration analysis. Note thtte

reciprocal pattern of representation of the twam®r  Abbott 2nd-generation HIV-1 viral lysate EIA (3A11)

with 3 out of 50 related to 746086, while iter  fajled to detect reactivity at dilutions exceedir@-10",

47 formed homoduplexes with 760026 (data nofyhile the Abbott and Ortho 3rd generation HIV-1/2

shown). recombinant  antigen-based ElAs, detected

seroreactivity in four of the 10 cases when sampiee

Pol region sequence analysis. Finally, analysis of the diluted >10°-fold. Western Blot reactions, although not

sequences of the Reverse Transcriptase regioneof tltonsidered positive on the dilutions that wereactive

pol gene from nurse and child samples was pedfdrm by 3rd generation ElAs (&00%),
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Regression formula:

Y =35659+1528*x+0.087*x3; R =0.88

Log;; (s'co) 95% confidence limits equal to zero
Indicates a dilution between 104823-106%

Density (OD) regression curve
obtained from HIV-1 antibody detection of
five-fold dilutions of 10 serum samples from
HIV positive subjects (5 AIDS patients and 5
asymptomatic HIV-1 carriers) using third
generation EIA (Abbott 3A77HIV-1/2, or

COMB)

The end-point dilution data allows estimationto t
minimal amount of HIV seropositive blood that would
in the intravascular systemaaof
inoculated person so that a result above the lofhit
detection (cutoff) for the 3rd generation EIA tesuld
be obtained (Fig. 4c). Considering the nurse’s titeig
(66 kg) and hematocrit (38.9%) at the time of the
accident, her estimated volumes of blood and plasma
would be 4.6 and 2.8 liters, respectiV&ly Based on
data obtained from Fig. 4b, showing that4/10
seropositive individuals had a reactive EIA, we can
speculate that one would be able to detect antisodi
some patients with a 1:1000,000 dilution. Takintpin
account that the estimated volume of nurse’s plasma
2.8 L, in a conservative estimate, it would takeuP&f
transferred blood in order to result in a reacttA. It

curveis know that one 30-gauge needle, 0.5-cm depthlaeed

obtained from HIV-1 antibody detection of stick is able to transfer AL of blood*”. According to
five-fold dilutions of 10 serum samples from the nature and the extent of the accident in thasec
HIV positive subjects (5 AIDS patients and 5 here studied, we believe that more tharuR&ould

asymptomatic HIV-1 carriers) using 3rd- pe transferred from the source patient to the niiree
generation HIV-1/2 EIA (Abbott 3A77)

continued to show indeterminate results at diligiop

to 1 fold (Fig. 5) with an envelope-only band pattern

Western blot

results at this same dilution level
demonstrate gp120 180bands, compatible with the

findings of the nurse’s blood collected on the dathe

similar to that in the nurse’s post-exposure samplé‘CCide”t-

(Table 1).
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Fig. 5: Representative samples of Western blot HIgesitive patients’ results in serially dilutedrgdes (five-
fold). The figure legend between the Western bitwges indicates the presented dilution. (a): Asgpmatic
HIV carrier; (b): AIDS patient

As a final verification, we evaluated whether thethe baseline sample.
Western blot reactivity seen on the baseline exaam ( It is interesting that the nurse became infectad w
gpl20 +/-; gpl60 +) could have been a false-pasitivthe two different viral populations present in tttald
result restricted to the detection of reactivityaimgt a and the amount of genetic diversity within child’s
previously defined non-specific epitope of the HIV- sequence and nurse’s sequence is similar. Alth@gugh
envelope protein. Sayet al.*!! have demonstrated that recognized a genetic restriction within viral paatidn
in some non-infected blood donors with false pesiti during primary infection(bottiened®***€ in same
Western blot results, the reactivity is restrictech 20- cases, more genetically diverse populations can be
amino acid sequence of gp41 that is shared with nortransmitte®°®. This may have resulted from an
HIV antigens; if the donor's sample is pre-inculbiate unusually large inoculum given the results of the
with a solution containing this amino acid sequetice  dilution series serology analysis, the baselinetiety
Western blot reactivity is blocked. This procedurs  found in the nurse by Western blot and third-geth@na
done with the nurse’s baseline sample and the tresuElA is most compatible with detection of passively
remained the same, i.e., the peptide did not rethee infused antibodies. Third-generation assays were
gp120 or 160 band reactivity (data not shown). Thils developed to achieve extremely high sensitivitgltow
of our evidence is consistent with the hypothdsaé the  detection of IgM and IgG early in seroconversion,
Western blot reactivity observed in the nurse waglecreasing the immunological window pefod
specific to HIV envelope and attributable to tramsi These tests employ immunodominant HIV-1 and HIV-2
detection of passive HIV antibodies. Unfortunatelyy, =~ antigens produced through recombinant DNA or
did not have any left over sample from the sourceeptide synthesis techniques and generally usemaini

patient in this case to perform serial dilutiondsés. sample dilutions (neat or 1:2, versus 1:100 to Q.:#0
sec generation EIA) and therefore have substantiall
DISCUSSION improved analytical sensitivity relative to firstndh

second generation assays. Because of this, third

The molecular genetic evidence shown in this casgeneration assays are required in blood banks.
confirms that the child and the nurse had closelgted However, they are not widely employed in U.S. daii
viral populations, consistent with infections aegdi  or public health laboratories due to their highestand
from the same source or transmitted from one iddizi  the requirement for further discrimination of HIV-1
to the other. This, added to the evolving patterthe  versus HIV-2 infection for seroreactive specimeins.
serological and direct viral markers of HIV infagoti  this case, the nurse’s post-exposure sample wasosan
(PCR and p24 antigen) in the nurse’s samplesiocal blood bank and subjected to a third-genenatio
confirmed that she acquired the infection from¢héd EIA test. Data from the literature do not usuatiglude
as a result of the accident and rejected the piissitf details of the diagnostic tests used for evaluatibn
a pre-existing infection resulting in the seroreaist of baseline reactivity in HIV-exposed health profersis
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in the U.S., although most probably used first andvhen deciding on antiretroviral prophylaxis in post
second generation EIA, since testing was likelyexposure settinfs Although the turnaround time for
performed in hospital or commercial referenceresistance testing (a few days to 2-3 weeks) mitkes
laboratories. This may explain the lack of infeasible to guide initial post-exposure antirgiral
documentation of detection of passively acquiredprophylaxis, it may be used to expeditiously adjhst
antibodies in previous reports following HCW drugs according to the resistance profile of theoskre
accident8*>7] source. Furthermore, prophylactic antiretrovirabisd
Other studies have reported the detection opreferentially choose a combination of reverse
passively transferred antibodies in cases of postranscriptase inhibitors, since protease inhibituitsact
transfusion hepatitis €% and HIV®®, which is not  after the cell is already infected.
surprising given the large volume of plasma comdin
in blood components (20-250 mL). Our finding of
baseline antibody reactivity against HIV in ultra-
sensitive tests such as third generation EIA indita

CONCLUSION

This is the first well-documented case of passive

. HIV antibody detection after a percutaneous expmsur
that a moderate amount of contaminated blood eshter eactive baseline serology should therefore not be

the circulation of the exposed individual at theeiof < imed to represent prior infection nor exclude

the accident, rather than indicating pre-existingprophylaxis. Transmission of drug-resistant HIV-1
infection. Whether such passive antibodies argorroborates the medical history and supports dse o

indicative of high-level exposure and predictive Ofdrug history and resistance testing to guide
transmission warrants further study. In any evtiigse  antiretroviral prophylaxis.

results indicate that special care must be taken in

interpreting baseline tests at the time of making ACKNOWLEDGEMENT
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