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Background. Transmission of hepatitis C virus (HCV) from infected health care workers to patients rarely
occurs. In 2003, a cluster of patients with HCV infection was identified at a medical center in Israel. All patients
had a common history of various surgical procedures performed during the period 2001–2003. All patients had
been anesthetized by an anesthesiologist who was an injection drug user and was infected with genotype 2a HCV.
Screening was initiated by the hospital to identify newly infected patients with HCV infection and to determine
the source of the iatrogenic HCV infection outbreak using comparative molecular analysis of the HCV E1 and
HCV E2 hypervariable regions (HVR1 and HVR2).

Methods. A total of 1200 patients who were anesthetized by the anesthesiologist (the related group) and 873
hospital personnel and patients anesthetized by other anesthetists (the unrelated group) were examined. Serum
samples were screened for anti-HCV antibodies, HCV RNA, and genotype. Sequence analysis of HVR1 and HVR2
was performed after reverse-transcriptase polymerase chain reaction.

Results. HCV type 2a was found in 33 patients in the related group but in only 1 patient in the unrelated
group. The differences between the sequences isolated from the related group serum samples and the sequences
isolated from genotype 2a control group serum samples (obtained from 15 patients) were highly statistically
significant. The genetic distances from the anesthesiologist sequence were 1.4%–4.4% in the HVR1 and 0%–3%
in the HVR2 in the related group serum samples, whereas in the HCV genotype 2a control group serum samples,
the genetic distances were 22%–45% and 10%–35%, respectively.

Conclusions. Molecular analysis revealed sequence similarity of HVR1 and HVR2 in the related group, sug-
gesting that the anesthesiologist with chronic HCV infection may have transmitted HCV to 33 patients.

Chronic hepatitis C virus (HCV) infection is a blood-

born disease. Therefore, it is most efficiently transmit-

ted through large or repeated percutaneous exposure

to infected blood. In countries where blood donations

are screened for HCV, injection drug use is a major

risk factor for acquiring HCV infection, leading to a
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high prevalence of chronic HCV infection in this pop-

ulation [1]. Occupational, perinatal, and sexual expo-

sures can also result in transmission of HCV, although

they are less efficient modes of transmission than in-

jection drug use. An additional source of HCV trans-

mission is nosocomial outbreaks of HCV infection, re-

sulting from unsafe injection practices or contaminated

equipment [2, 3]. Although iatrogenic HCV infection

involving transmission of HCV from an infected health

care provider to patients is a rare event, it causes great

distress to patients and staff and can give rise to ex-

pensive legal claims.

Molecular analysis has been used to investigate the

epidemiology of HCV transmission using sequence

analysis of different regions of the HCV genome.
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Figure 1. Description of the screen for hepatitis C virus performed
during August 2003.

Figure 2. Flow chart of tests for hepatitis C virus (HCV) infection in
the related and unrelated groups. The related group consisted of patients
who underwent surgical procedures at the medical center during the
period 2001–2003 and were anesthetized by a health care provider in-
fected with HCV. The unrelated group consisted of health care providers
from the hospital, as well as patients who were anesthetized by other
health care providers in the same hospital. Abs, antibody; +, positive.

Genotyping and time of divergence of various HCV genotypes

isolated from different geographical regions are determined by

sequences in the highly conserved 5′-noncoding region and the

NS5 region of the virus genome [4]. Sequence analysis of the

hypervariable regions at the junction between the coding

regions for envelope glycoproteins E1 and E2 (HVR1) and of

the E2 gene (HVR2), as well as sequence analysis of the NS5

region, have been used to investigate vertical or horizontal

transmission of HCV between pairs of individuals, providing

evidence for a common source of infection in several large-

scale outbreaks of HCV infection [5–7].

Molecular analyses of infections transmitted from patient to

patient in a hospital have been reported for patients receiving

dialysis, administration of contaminated anti-d immunoglob-

ulin, and surgical procedures [7–13]. HCV transmission by an

HCV-infected surgeon and by an anesthesiologist assistant [14,

15] has been described, as well.

In 2003, we identified a cluster of HCV-infected patients at

a medical center in Israel. All patients had a common history

of surgical procedures performed during the period 2001–2003.

Epidemiological investigation of 12000 individuals indicated

an HCV-infected health provider as the source of infection. We

describe here the HCV infection outbreak and the phylogenetic

investigation that linked the health care provider to the newly

acquired HCV infections.

MATERIALS AND METHODS

Study population. The screened population consisted of 2

groups. The related group comprised 1200 patients (among

1344 patients that were actively contacted by the hospital to

be screened) who underwent surgical procedures at the medical

center (Soroka Academic Medical Center, Beer Sheva, Israel)

during the period 2001–2003 and were anesthetized by a health

care provider who was chronically infected with genotype 2a

HCV. The unrelated group (i.e., the control group) comprised

873 individuals and included health care providers from the

hospital and patients who were anesthetized by other health

care providers in the same hospital; all were anxious to be

examined. All serum samples collected from patients associated

with the outbreak and collected from control subjects were

obtained during the screening period (2 weeks), including se-

rum samples obtained from the source of the outbreak. The

time period between HCV acute infection and the collection

of the serum samples was variable, ranging from 3.5 to 20

months.

All serum samples collected were tested immediately for anti-

HCV antibodies. In parallel, aliquots were frozen at �70�C for

HCV RNA monitoring, genotyping, and E2 gene sequencing

(figures 1 and 2).

The HCV screening was performed in the clinical virology

laboratory of the Soroka Academic Medical Center. In addition,

15 patients that were known to carry genotype 2a HCV before

2001 were included in the study as unrelated control subjects

for the analysis of the HCV E2 HVR sequence. These 15 isolates

were taken from the frozen serum archive of the Clinical Vi-

rology Unit, Soroka Hospital (Beer Sheva, Israel). The study

was approved by the Helsinki committee of the Soroka Aca-

demic Medical Center.

Screening for antibodies to HCV. Anti-HCV antibodies

were determined using a third-generation test and Axsym ap-

paratus according to the manufacturer’s instructions (Abbot

Diagnostics Laboratories). Samples that tested in the gray zone

range were further tested for HCV antibodies by RIBA (Ortho)

according to the manufacturer’s instructions and for HCV

RNA. In addition, because a long period between HCV infec-

tion and seroconversion may occur, all serum samples that

tested negative for anti-HCV antibodies and were obtained
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Table 1. List of primers used for amplification of hepatitis C virus (HCV) E2 hypervariable
region.

Primer Sequence Position Isolate

E2G2R1 ACGTCCACGATGTTTTGGTGGAG 2414-2392 HCV 2a AF238483
E2G2F1 ACACCAAYGGMAGCTGGCACAT 1550-1571 HCV 2a AF238483
E2G2R2 GCCCATTCCGTGGTGGAGTGCA 2336-2315 HCV 2a AF238483
E2G2F3 TTCAACTCGTCAGGATGTCCCG 1645-1666 HCV 2a AF238483
E2HVR1FO GGCCATCGTATGGCTTGGGATATGATG 1250-1275 HCV 2a AF238483
E2HVR1RO GCTGTCCGGTTGATGTGCCAGCTGCCATTGGT 1552-1777 HCV 2a AF238483
E2HVR1FI GCTTGGGATATGATGATGAACTGGTC 1260-1285 HCV 2a AF238483
E2HVR1RI TTGATGTGCCAGCTGCCATTGGTGT 1573-1549 HCV 2a AF238483

Figure 3. Genotype distribution among the related group (black col-
umns) and unrelated group (white columns). *This patient had genotype
2a/c HCV infection according to laboratory records, but at the time of
screening, the patient had completed therapy and had test results that
were negative for hepatitis C virus RNA.

from patients who underwent anesthesia !6 months before the

screening period were tested for HCV RNA.

HCV RNA detection and genotyping. Total RNA was ex-

tracted from 200 mL of serum and was prepared using an HCV

specimen preparation kit (Amplicor; Roche Diagnostic). HCV

RNA was detected using HCV amplification and detection kits

(Cobas HCV Amplification and Detection; Roche Diagnostic).

In HCV RNA–positive samples, HCV genotypes were deter-

mined by sequencing the 5′ untranslated region of the PCR

product (MBC; HyLab). Sequencing of the HVR1 to HVR2

region was performed for serum samples with genotype 2a.

HCV E1-E2 sequence analysis. Sequence analysis was per-

formed on the hypervariable regions of the E2 gene, spanning

2 regions: 190 nucleotides of HVR1 (1336–1454; AF238483)

(performed at Rabin Medical Center, Petach Tikva, Israel) and

the 660-nucleotide fragment (1645–2336; AF238483) encom-

passing HVR2, including the double-stranded RNA–activated

protein kinase region (PKR) domain (performed at Soroka Ac-

ademic Medical Center). These regions are known to exhibit

a high degree of variability and are used to distinguish between

HCV isolates of the same subtype and for determination of

quasispecies (the coexistence of different sequences in the same

patient). It is assumed that a longer period of infection results

in a higher mutation rate [16]. Each of the 2 regions was

analyzed in a different laboratory using different serum samples

that were obtained from the same patient. Total RNA was ex-

tracted from 200–500 mL of serum using a QIAamp UltraSense

kit (Qiagen GmbH). The primers used for the amplification

are listed in table 1. The HVR2-PKR region RT-PCR was pre-

formed at 42�C for 1 h, using Superscript II (Invitrogen), 10

pmol of E2G2R1 primer, and 10 mL of RNA in total volume

of 30 mL. One mL of cDNA and primers E2G2R1 and E2G2F1

were used for the first PCR reaction. The nested PCR was

performed with 2 mL from the first PCR and primers E2G2R2

and E2G2F3 in a total volume of 50 mL. All PCR amplifications

were performed with Takara Ex Taq (Takara) to eliminate Taq-

sequencing mistakes. The cDNAs were analyzed on a gel,

cleaned on a column, and sent for sequencing (MBC; HyLab)

from both ends, using primer E2G2F3 for the 5′ end and primer

E2G2R2 for the 3′ end. The 2 sequences obtained for each

patient were aligned to ensure the correct nucleotide sequence.

The HVR1 was analyzed on a limited number of serum samples;

RNA was isolated as described earlier and amplified as described

by Sandres et al. [17]. In brief, RT-PCR was performed using

the AccessQm TM RT-PCR system (Promega), and primers

E2HVR1FO and E2HVR1RO. The nested PCR was performed

with primers E2HVR1FI and E2HVR1RI (table 1), and the PCR

product was purified and sequenced as described earlier.

Statistical analysis. Pairwise analysis was performed using

multiple-sequence alignment of HVR2-PKR (660 nucleotides).

The ClustalW program [18] was used to determine the genetic

distance, divergence of nucleotide substitutions per 100 nucle-

otide sites, and neighbor-joining slanted phylogram tree anal-

ysis. Comparison between means of nucleotide variability was

performed using Student’s t test for independent samples. Re-

sults were considered to be statistically significant at .P ! .05
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Table 2. Hepatitis C virus (HCV) genotype distribution among 64
anti-HCV antibody–positive patients in the related group.

Variable No. of patients

HCV RNA positive 46
Nondocumented HCV infectiona

All 39
With genotype 1b 6
With genotype 2a 33

Documented HCV infection before 2001b

All 7
With genotype 1b 4
With genotype 1a 2
With genotype 3a 1

NOTE. Laboratory records of HCV genotypes of patients from the related
group were extracted.

a The nondocumented HCV infection group includes patients for whom no
record of HCV infection before the screening in 2003 was found.

b The documented HCV infection group includes patients from the related
group who had records of HCV infection before 2001.

Figure 4. Sequence analysis of the hepatitis C virus (HCV) E2 hypervariable and double-stranded RNA–activated protein kinase region (E2 HVR2-
PKR). The E2 HVR2-PKR region was sequenced and the genetic distances between the sequence from patient 1 and the sequences from related
patients (patients 2–29; black columns) and unrelated patients (patients 30–44; white columns), all of whom were infected with genotype 2a HCV,
were calculated as percentage of discordance of nucleotides from patient 1.

RESULTS

Analysis of the HCV outbreak. In August 2003, a cluster of

newly infected patients with HCV infection with a common

history of various surgical procedures performed during the

period 2001–2003 in the Soroka Medical Center was identified.

All patients were anaesthetized by the same anesthesiologist.

The physician was known to be an injection drug user and was

chronically infected with genotype 2a HCV. He worked in the

hospital for 2 years (2001–2003) and was released from work

4 months before the patient screening period because of ex-

cessive use of anesthetics. Three strategic guidelines were

adopted by the hospital board: (1) to identify all patients cared

for by this physician, (2) to treat those patients who were

infected by the virus without any charge, and (3) to take full

responsibility for this event. A computerized database consist-

ing of all patients who underwent surgical procedures and were

anesthetized by this physician was created (1400 patients). In-

vitations for serological testing for HCV were sent to 1344

patients by courier (figure 1). Patients were contacted by tele-

phone, as well, to ensure their compliance. A special clinic for

HCV screening was operated 24 h per day. Numerical findings

were published in daily press conferences. During a 2-week

period, a total of 2073 individuals were screened for HCV

(figure 2), including 1200 compliant patients (compliance rate,

89%; the related group) and 873 patients and staff who wished

to be tested (the unrelated group).

In the related group, 64 (5.3%) of 1200 patients had test

results that were positive for anti-HCV antibody, and 46 (72%)

of these 64 patients had results that were positive for HCV

RNA (figure 2). One anti-HCV antibody–negative sample was

RNA positive at the time of the screening. However, this patient

became anti-HCV antibody positive 1 year later; the window

period (i.e., the time from infection to the appearance of anti-

HCV antibodies) was 2 years. In the unrelated group, 27 (3%)

of 873 patients were anti-HCV positive; of these patients, 13

(48%) were HCV RNA positive. Thus, the prevalence of HCV

RNA–positive serum samples in the related and unrelated

groups was 3.8% and 1.5%, respectively. The prevalence of both

markers of HCV infection was significantly higher in the related

group ( ).P ! .05

HCV genotype distribution between the 2 groups varied to

a great extent (figure 3). In the related group, the most abun-

dant genotype was genotype 2a (found in 33 [72%] of 46 pa-

tients), which was identical to the genotype found in the sus-

pected source of infection. The prevalence of genotype 2a in

the unrelated group was significantly lower (found in 1 [7%]

of 14 subjects; ). In contrast, the difference in the numberP ! .01
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Figure 5. Phylogram tree showing the rate of variation of nucleotides
(hepatitis C virus [HCV] E2 hypervariable and double-stranded RNA–ac-
tivated protein kinase region) within the outbreak patients (patients 1–
29) and the unrelated control subjects (NR-30 to NR-44); patients with
HCV infection were infected with genotype 2a/c HCV before 2001.

of patients with results that were positive for genotype 1 HCV

in the 2 populations was insignificant. In the related group with

genotype 2a HCV infection, the surgical procedure undergone

at the time of HCV acquisition varied and included gyneco-

logical (14 patients), orthopedic and trauma (8), general sur-

gical (8), and other procedures (neurosurgery, plastic surgery,

and a urological procedure; 1 patient each). The interval be-

tween the surgical procedure and screening was a mean (�SD)

of months (range, 4–20 months).14 � 4

Table 2 depicts the analysis of HCV genotype distribution

in patients from the related group only, according to the lab-

oratory records that were available (from 1996 and after). Ge-

notype 2a HCV was found exclusively in the newly identified

patients with HCV infection, whereas patients with HCV in-

fection that had been recorded before the 2001 outbreak had

genotypes 1a, 1b, and 3a.

Analysis of HVR2 in the genotype 2a HCV–infected

population. To establish the transmission of HCV between

the source of infection and the infected patients, sequence anal-

ysis of the HVR1 and HVR2-PKR regions of E2 was performed.

Sequence analysis of the HVR2-PKR region was performed as

part of the epidemiological study by the Clinical Virology Lab-

oratory at Soroka Medical Center. Two groups of patients were

analyzed for the 660-nucleotide HVR2-PKR region. The first

group comprised HCV carriers with genotype 2a who were

enrolled as a result of screening. Sequences from 28 of 33

patients (patients 2–29) were obtained (figure 4). The negative

control group comprised 15 genotype 2a HCV carriers who

had been infected before 2001 or patients who were discovered

in 2003 but were not treated by the infected health care provider

(patients 30–44) (figure 4). All sequences were aligned with the

sequence obtained from the source of infection (patient 1).

Although patients who were associated with the HCV outbreak

showed a �2% difference, the control group exhibited differ-

ences ranging from 9% to 35% ( ). Pairwise analysis forP ! .003

the E2 fragment nucleotide sequences for the genotype 2a HCV

cohort that had most nonsynonymous substitutions were con-

centrated in the control group (figure 5).

Sequence analysis of the HVR1 region was performed as a

service to the Israeli state prosecution by the molecular he-

patology laboratory at the Rabin Medical Center. The analysis

was performed on 6 new serum samples that were collected

from 6 patients in the related group and on a serum sample

from the infected health care provider. Both laboratories per-

formed the analysis independently, and HCV RNA was ex-

tracted from different blood samples. Thus, 6 patients were

tested in parallel for the HVR1 and HVR2-PKR regions of HCV.

HCV RNA was isolated, amplified, and analyzed for the se-

quence diversity of the HVR1 and HVR2 regions. We used a

panel of sequences of HCV isolates retrieved from the gene

bank as controls. The HCV sequences were aligned with the

isolated HCV sequence from the serum sample obtained from

the anesthesiologist. The genetic distance differences between

the sequences isolated from the related group serum samples

and those retrieved from the gene bank were highly statistically

significant (figure 6). The genetic distances were 1.4%–4.4% in

the HVR1 region and 0%–2% in the HVR2-PKR region in the

related group serum samples, whereas in the control group

serum samples, they were 22%–32% and 10%–35%, respec-

tively. It is of interest that the sequence homology, determined

in the various isolates from the related group infected serum

samples, was conserved both in the HVR1 (95.6%–98.6%) and

HVR2 (98%–100%) regions.

DISCUSSION

Of 1200 patients who were at risk of iatrogenic HCV infection

during a period of 2 years (the related group), 46 (3.8%) were
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Figure 6. Nucleotide distance from the source of infection for hepatitis C virus (HCV) E1 hypervariable region (HVR1) and HCV E2 hypervariable
and double-stranded RNA–activated protein kinase region (HVR2-PKR) . Nucleotide sequence differences of HVR1 and HVR2-PKR regions, obtained
from patients in the related group (patients 1, 6, 11, 17, 19, and 24), and sequences retrieved from the gene bank (patients 45–50; accessions numbers:
HC-J6CH_E2_AF177036, Q2A_E2_AF348702, Td-6_E2_D00944, BEBE1_E2_D50409, MD2A-2_E2_AF238482, and AY746460_E2_ AY746460, respectively)
were compared with the sequences of HVR1 (white columns) and HVR2-PKR (black columns) regions that were obtained from the source of infection.

found to be infected with HCV. Of 873 individuals in the un-

related group, 27 (1.5%) were infected with HCV. This prev-

alence is higher than the previously described HCV antibody

prevalence of 0.44% in Israeli blood donors [19]. In the un-

related group, genotype 1 was most frequent (found in 64%

of subjects), similar to the previously reported prevalence of

HCV genotypes detected in the same region in Israel [20, 21].

It is noteworthy that only 1 case of genotype 2a/c HCV infection

was found in this unrelated group. In the related group, how-

ever, 71% of HCV-positive patients were infected with genotype

2a HCV. The fact that genotype 2a, which is an infrequent

genotype in Israel [20], was detected in the serum samples from

the infected health care provider and was detected almost ex-

clusively in serum samples from the related group supported

our theory that the source of the outbreak was the anesthesi-

ologist. This was further established by the comparative mo-

lecular analysis of HVR1 and HVR2-PKR regions of the HCV

genome. Evaluation of relatedness among samples of genotype

2a HCV was performed by comparing HVR1 and HVR2 se-

quences isolated from the related group serum samples with a

panel of controls, including genotype 2a HCV–infected serum

samples from unrelated patients, as well as sequences retrieved

from the database. Pairwise analysis was performed using mul-

tiple sequence–alignment programs to determine the genetic

distance, expressed as divergence of nucleotide substitutions

per 100 nucleotide sites [18]. The genetic distances were 1.4%–

4.4% in the HVR1 and 0%–2% in the HVR2 in the related

group serum samples, whereas in the control group, they were

22%–32% and 10%–35%, respectively. It is of interest that, in

the related group, the sequence homology was conserved both

in the HVR1 (95.6%–98.6%) and HVR2 (98%–100%) regions.

This study compares the sequence variability of both HVR1

and HVR2 in an outbreak of HCV infection.

Previously reported comparisons of nucleotide distance var-

iation among related and nonrelated serum samples (for HVR1

of HCV genotypes 1a, 2b, and 3) demonstrated 0%–5% of

nucleotide distance in the related groups, compared with 6.1%–

93% in the nonrelated group [11, 12, 14]. These figures are in

agreement with our results, confirming the detection of the

source of the HCV infection outbreak as the anesthesiologist.

We could not perform an accurate analysis of the rates of

evolution of the nucleotide sequence of genotype 2a during

HCV infection, as was shown for genotype 1b [16]. However,

it should be emphasized that most serum samples collected

from patients associated with the outbreak were obtained at

the same period, including the samples obtained from the

source of the outbreak. The time period between acute HCV

infection and serum sample collection was variable, ranging

from 3.5 to 20 months. Most patients had been infected for

11 year, with a mean (�SD) interval of months.14 � 1.9

However, no apparent correlation was found between the time

of infection and the rate of nucleotide variability. For example,

2 samples obtained from patients 5 and 20 and the sample

obtained from the infectious source (patient 1) had the same
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nucleotide sequence. However, patient 20 had been infected for

only 3.5 months, whereas patient 5 had been infected for 12

months.

The means by which HCV outbreaks occur and spread vary.

According to the Centers for Disease Control and Prevention,

the major source of HCV infection (accounting for 60% of

cases) is injection drug users. Occupational hazards account

for 4% of cases, the source of infection is unknown in 10%,

and nosocomial, iatrogenic, and perinatal infections account

for 1% (reviewed by Shepard et al. [22]). Various paths of HCV

transmission in medical settings have been described. Patient-

to-patient transmission of HCV during medical procedures [7,

9, 23] and through HCV-contaminated intravenous anesthetic

ampoules used to treat multiple patients have been described

[24]. Another source of iatrogenic transmission is from health

care provider to patient [12, 13, 25], as well as from patient

to health care provider [15]. An HCV infection outbreak in 2

hospitals in Valencia, Spain, was reported [26]. That report and

unpublished data mentioned in a recent publication [27] de-

scribe HCV infection in 1200 patients, attributed to an anes-

thetist who was an HCV carrier and an intravenous morphine

addict for many years. Our molecular studies provide evidence

that an anesthesiologist who was an injection drug user infected

with genotype 2a HCV transmitted HCV infection to 33 pa-

tients. During a period of 2 years, 1400 patients were at risk,

and 33 were genuinely infected by the source. The low viral

load (105 copies/mL) detected in the anesthesiologist’s serum

samples might explain the relatively small number of infected

patients. The outbreak of HCV infection described here dem-

onstrates the severe consequences of an anesthesiologist who

is an active injection drug user having access to anesthetic

ampoules for intravenous use.
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