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We have investigated the molecular evidence in favor of the transmission of human immunodeficiency virus
(HIV) from an HIV-infected surgeon to one of his patients. After PCR amplification, the env and gag sequences
from the viral genome were cloned and sequenced. Phylogenetic analysis revealed that the viral sequences
derived from the surgeon and his patient are closely related, which strongly suggests that nosocomial trans-
mission occurred. In addition, these viral sequences belong to group M of HIV type 1 but are divergent from
the reference sequences of the known subtypes.

The reports of transmission of human immunodeficiency
virus (HIV) from a Florida dentist with AIDS to six of his
patients (1, 11) initially raised great concern about the possi-
bility of HIV transmission from health care workers infected
with this retrovirus. However, a large retrospective investiga-
tion conducted by the Centers for Disease Control and Pre-
vention indicated that this risk of transmission is very small
(14). In fact, if we exclude the cases associated with the Florida
dental practice, no case of transmission of HIV has been doc-
umented among more than 20,000 patients treated by infected
surgeons or dentists.

We report here the molecular evidence in favor of the trans-
mission of HIV from an HIV-infected surgeon to one of his
patients.

The physician was an orthopedic surgeon working in a public
hospital in a western suburb of Paris, France. In 1983, while
performing surgery on a multitransfused patient, he reported a
percutaneous injury. After the physician experienced several
health problems, an HIV serological assay was performed in
1994 and he was found to be HIV seropositive. An epidemio-
logical investigation for which the detailed results will be pub-
lished elsewhere (8) and the present study were requested by
the French Ministry of Health. The epidemiological analysis
indicated that the surgeon probably became infected in 1983
and had performed surgical procedures on 3,004 persons since
that time. Among these patients, the epidemiological study
found only one subject who was HIV seronegative before a
prolonged operation performed by the surgeon in 1992 and
who is now HIV seropositive. No other risk factors were doc-
umented for this patient, a woman born in 1925. Therefore, the
nosocomial transmission of HIV from the surgeon to his pa-
tient was a possibility worth evaluating by analysis of viral
sequences from both persons.

Blood samples were collected at the Hospital Pasteur from
both the surgeon and his patient after obtaining their informed
consent. The dates of blood collection from these two persons
were different to avoid any possibility of mixing up samples.
Highly stringent precautions were also in use in our laboratory

to prevent the possibility of cross-contamination between the
two samples or between them and other viral samples already
in our collection. There was strict physical separation between
the surgeon’s and his patient’s samples because the experi-
mental procedures performed on the two samples (peripheral
blood cell separation, viral isolation, DNA extraction, PCR,
and cloning and sequencing of the full-length env genes) were
performed more than 3 months apart. In addition, the PCR
primers which allowed the amplification of the HIV type 1
(HIV-1) env and gag genes had not previously been used in our
laboratory and the use of positive controls in the experiments
was excluded to minimize the risk of cross-contamination.

A viral isolate was obtained from the patient and cultivated
once with normal donor peripheral blood mononuclear cells
(PBMC). A pellet of these cells was kept at 280°C until DNA
extraction. The uncultured PBMC from this patient were also
kept as a source of DNA for some of the PCR amplifications
(Table 1). The surgeon’s blood was collected twice over a 10-
month interval, and the DNA was directly purified from a
pellet of the isolated, uncultured PBMC. DNA extraction was
performed by using a blood DNA extraction kit as recom-
mended by the manufacturer (Qiagen, Chatsworth, Calif.).
PCR amplification of the full-length gp160-encoding gene to-
gether with part of the nef gene was performed as described by
others (4). Part of the gag gene (592 bp) was also amplified by
a nested-PCR procedure with outer primers G37 and G40 (16)
and inner primers SK39 (12) and SK22 (10). Nested PCR was
also used to amplify a 700-bp internal fragment of the HIV-1
env gene (region V3-V5) by using primers, thermal cycling
parameters, and limited dilutions of primary PBMC DNA as
described by others (2). Following PCR amplification, ampli-
cons were subcloned into pCRII by T/A overhang (Invitrogen,
San Diego, Calif.). The nucleotide sequences of the clones
were determined with an automated DNA sequencer (model
373A; Applied Biosystems, Inc., Foster City, Calif.), and indi-
vidual sequence segments were assembled with AssemblyLine
software (Kodak Inc., Rochester, N.Y.). The sequences of both
strands of DNA were entirely determined at least once. The
molecular clones which were obtained from these different
samples are described in Table 1.

Nucleotide sequences were aligned by using CLUSTAL W
software (20); some minor manual corrections (gap stripping)
were necessary. Phylogenetic analysis was performed with the
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software package Phylip, edition 3.5 (3). Pairwise evolutionary
distances were estimated by using Kimura’s two-parameter
method, excluding positions where there was a gap in any
sequence. Phylogenetic trees were rooted by using cpzgab as
an outgroup and were constructed by the neighbor-joining
method. The reliability of the junctions was evaluated by per-
forming 1,000 bootstrap replicates unless otherwise indicated.
Other trees were also obtained with the DNAML software
(maximum likelihood) from the Phylip package. Trees essen-
tially similar to the ones shown in Fig. 1 were obtained with all
the test methods.

The relationships between the viral sequences from both the
surgeon and his patient were examined. The pairwise distances
between the sequences within the highly variable V3-V5 region
directly amplified from the uncultured PBMC were evaluated
(Table 2). There was a significant heterogeneity among the
HIV-1 sequences recovered from the surgeon (mean differ-
ence: 8.2%), with this heterogeneity increasing for the second
time point (mean difference: 9.6%). This high degree of dif-
ference was due to the recovery of two sets of sequences from
this person which were homologous within each set and het-
erogeneous when one set was compared to the other one. At
least three factors are to be taken into account to explain this
high degree of difference, the age (54 years) of the surgeon, the
lack of antiretroviral treatment, and the putative duration of
infection (12 years). The sequences for the surgeon’s patient
were more homogeneous, with a mean of pairwise distances of
5.2%, which is consistent with the hypothesis that this person
became infected about 10 years later than her surgeon. Finally,
the DNA distances between the HIV-1 sequences from the
surgeon and his patient differed by an average of 15.2%.

The phylogenetic relationships among the HIV-1 sequences

obtained from these two persons were then determined; rep-
resentative sequences of different HIV-1 subtypes were used
for comparison. The six full-length env sequences from the
surgeon and the two from the patient clustered in the same
area of the phylogenetic tree and were separate from the
reference sequences for the different HIV-1 subtypes (Fig. 1).
There was a significant separation of the sequences from these
two persons. In contrast, the sequences obtained from the

TABLE 1. Molecular cloning of HIV-1 DNA sequences

Subject
Sample No. of molecular clones sequenced (identification codes)b for:

Date (mo/day/yr) Typea env (full length) env (partial length) gag (partial length)

Surgeon 11/20/1995 NCP 3 (FRCNP1–FRCNP3) 5 (FRCNP7–FRCNP11) 3 (FRCNPg1 and FRCNPg3)
9/09/1996 NCP 3 (FRCNP4–FRCNP6) 4 (FRCNP12–FRCNP15) 3 (FRCNPg4–FRCNPg6)

Surgeon’s patient 2/23/1996 NCP 8 (FRMNR4–FRMNR11) 2 (FRMNRg1–FRMNRg2)
2/23/1996 CP 2 (FRMNR1–FRMNR2)

a Source of DNA template for PCR amplification. NCP, uncultured PBMC; CP, cultured PBMC.
b Regions of the HIV-1 genome that were sequenced included full-length env followed by the 59 end of nef (2.8 kbp), partial env (700 bp; V3-V5 region), and partial

gag (580 bp; positions 621 to 1205 in HIV-1 strain BRUCG).

TABLE 2. Pairwise distances among proviral HIV-1 env sequencesa

Subject Date(s) of
samples

Compari-
son cat-
egoryb

No. of
compari-

sons

% Difference

Mean Range

Surgeon 1995 A 10 8.2 4.3–11.4
1996 A 6 9.6 1.2–17.0
1995 and 1996 B 36 10.6 1.2–18.9

Surgeon’s patient 1996 A 28 5.2 1.2–9.0

Surgeon and sur-
geon’s patient

1995 and 1996 C 72 15.2 11.8–18.7

a Distances between DNA sequences of the env genes from the samples de-
scribed in Table 1. A matrix of pairwise DNA distances was generated by using
CLUSTAL W, excluding positions with gaps and with correction for multiple
substitutions. The distances are expressed as percent differences.

b A, comparison of sequences from the surgeon or his patient; B, comparison
of sequences obtained from the surgeon at different times; C, comparison of
sequences from the surgeon with those from his patient.

FIG. 1. Phylogenetic trees for HIV-1 env and gag sequences from the surgeon
and his patient and for reference sequences representative of the different HIV-1
subtypes. The trees were obtained by the neighbor-joining method, but other
methods produced essentially identical results. The trees are rooted by using
cpzgab as the outgroup, and selected bootstrap percentages (from 1,000 repli-
cates) are indicated. The subtypes of HIV-1 sequences are shown at the corre-
sponding node, VI325 being a gag sequence from an unclassified HIV-1 isolate.
The scale bars indicate 10% nucleotide distance.
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surgeon at an interval of 10 months were mixed and could not
be differentiated on the basis of these results. Although both
sequences obtained from the surgeon’s patient clustered in the
same area, the branch for one of the sequences (FRMNR1)
was unusually long. A detailed examination of this sequence
revealed that it is characterized by a large number of G3A
transitions (13% of the Gs are replaced by As). This hypermu-
tation is particularly pronounced among HIV strains (21), but
there is also the possibility that these transitions were gener-
ated during the PCR amplification, as reported by others (13).
The phylogenetic relationship was also analyzed by a compar-
ison of the gag sequences obtained from both patients (Fig. 1).
As with env, the gag sequences clustered and were separate
from those of other previously described subtypes. Although
the association was not significant, the closest sequences were
those belonging to subtype F. However, the high degree of
difference between our sequences and those of subtype F (also
found in the env tree) do not warrant assigning the former to
this subtype.

The analysis of the phylogenetic relationship between the
sequences from the surgeon and those from his patient was
facilitated because these viral sequences clustered within group
M of HIV-1 sequences, but outside of any previously defined
subtype. In particular, the sequences do not belong to subtype
B, which is the most prevalent in Paris (18). Additional phy-
logenetic analysis excluded the possibility that these sequences
belong to one of the newly reported subtypes (H and I) (7), but
the sequences of these subtypes were not included in the anal-
ysis shown in Fig. 1 because only partial env sequences are
available for them. The possibility that the viral sequences
could correspond to recombinant sequences from viruses of
different subtypes was evaluated.

Selected full-length env sequences from this study were an-
alyzed by using the Recombinant Identification Program (17)
developed at the HIV Sequence Database (Los Alamos,
N.Mex.) and available through the Internet (http://hiv-web
.lanl.gov). The data obtained with this approach suggested that
the HIV sequences under study could be mosaics of sequences
from subtypes A and F (data not shown). This possibility was
further tested by using the procedure named bootscanning,
which allows the resolution of the parentage of HIV genomes
(15). After a multiple alignment of test and reference se-
quences was obtained, the phylogenetic positions of overlap-
ping segments were determined. The significance of the group-
ing was evaluated by reporting the bootstrap values (Fig. 2).
This analysis indicated that only small areas of the sequences
significantly clustered with reference sequences A and F. The
following is a summary of the results of several bootscanning
analyses using different sets of reference sequences. Regions
200 to 400, 675 to 900 and 1000 to 1600 appeared to cluster
with subtype A, and regions 1600 to 2000 and 2200 to 2500
appeared to cluster with subtype F. The other regions were
found to cluster with various subtypes according to the differ-
ent sets of reference sequences which were considered (data
not shown). The highest bootscan values which were obtained
are barely significant, and the trees which were derived from
the regions indicated by the bootscanning analysis did not
provide consistent results when the method of determining
phylogeny (neighbor joining or maximum likelihood) or the set
of reference sequences used was varied (data not shown).

Although we cannot exclude the possibility that our se-
quences correspond to recombinants between F and A sub-
types, which is a combination that was not previously reported
(9), the reference sequences obtained from the database are
too distant to allow the precise analysis of their parentage. The
other possibility, which is that our sequences belong to an as

yet undefined HIV-1 subtype, is more likely. It is also of inter-
est to note that the bootscanning profiles obtained with the
sequences from the surgeon and his patient were highly similar
(Fig. 2), which strengthened our conclusions concerning their
relationship.

Our results indicate that the virus sequences from the sur-
geon and his patient are highly related. As did those of the
epidemiological investigation, our results strongly support the
conclusion that there was a transmission of HIV from the
surgeon to his patient during a surgical procedure. At the time
of the surgical procedures, the plasmatic viral load of the
surgeon was probably high and his blood was therefore highly
infectious. Indeed, he was having opportunistic infections sug-
gestive of AIDS and, not knowing his serological status, was
not under any antiretroviral treatment. It is not possible for us
to discuss the geographical origin of these viruses because the
source of the surgeon’s infection is unknown. Indeed, it is
thought that the surgeon got infected in 1983 as a consequence
of a needle stick injury while operating on a multitransfused
patient who later died and whose HIV serological status was
unknown.

In this study, evidence of nosocomial HIV transmission was
found in only one case among several thousands of patients
operated on by the infected surgeon (8). This result confirms
the extensive reports in the literature (5, 6, 14, 19) indicating
that there is a very low risk of HIV transmission from HIV-
infected surgeons to their patients.

Nucleotide sequence accession numbers. GenBank acces-
sion numbers for the full-length env sequences (six from the
surgeon and two from his patient) obtained in this study are
as follows: FRCNP1, U85912; FRCNP2, U85913; FRCNP3,
U85914; FRCNP4, U85915; FRCNP5, U85916; FRCNP6,
U85917; FRMNR1, U85918; FRMNR2, U85919. GenBank
accession numbers for the partial gag sequences are as fol-
lows: FRCNPg1, AF037316; FRCNPg3, AF037317; FRCNPg4,
AF037318; FRCNPg5, AF037319; FRCNPg6, AF037320;
FRMNRg1, AF037321; FRMNRg2, AF037322.

We thank Simon Wain-Hobson and Lisa Chakrabarti for helpful
discussions concerning phylogenetic analysis and Mika Salminen,
Thomas Leitner, and Brian T. Foley for discussion about the recom-

FIG. 2. Mosaic structure of env genes. The full-length env sequences from
the surgeon and his patient were analyzed after alignment with reference subtype
HIV-1 sequences. Phylogenetic trees were constructed from sequential 250-bp
segments overlapping by 20 bp. The bootstrap values from 1,000 replicates,
indicating grouping with subtypes A (thick solid line), F (thin solid line), and C
(dashed line), are plotted. The results from two analyses obtained with one
sequence from each patient (FRCNP5 and FRMNR2) are shown and are rep-
resentative of results obtained with the other sequences. Other bootscanning
analyses were also performed with other reference and outgroup sequences (data
not shown), and the segments of subtype C-related material were not consistently
found (data not shown). Recombination breakpoints were identified at the in-
tersection of the lines from the plots.
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binant nature of the analyzed sequences. We are also thankful to our
colleagues who conducted the epidemiological study and who provided
their results: F. Lot, J. C. Desenclos, and J. Drucker from the Réseau
National de Santé Publique; J. C. Séguier, S. Fégueux, P. Simon and P.
Van Amerogen from the Hospital in Saint Germain en Laye; P. Ast-
agneau, G. Brücker, and M. Aggoune from the Centre de Coordina-
tion de Lutte contre les Infections Nosocomiales de Paris-Nord; and
M. Ruch and A. Bernoux from the Direction Départementale des
Affaires Sanitaires et Sociales des Yvelines.
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