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A LARGE NOSOCOMIAL OUTBREAK OF HEPATITIS C
AND HEPATITIS B AMONG PATIENTS RECEIVING PAIN

REMEDIATION TREATMENTS

R. Dawn Comstock, PhD; Sue Mallonee, RN, MPH; Jan L. Fox, RN; Ronald L. Moolenaar, MD, MPH; Tara M. Vogt, PhD; 
Joseph F. Perz, DrPH; Beth P. Bell, MD, MPH; James M. Crutcher, MD, MPH

Reuse of syringes and needles, a violation of accept-
ed infection control procedures, is capable of transmitting
blood-borne pathogens such as hepatitis viruses and
has long been identified as a dangerous practice.1-7

Transmission of hepatitis C virus (HCV)8-12 and hepatitis B
virus (HBV)13-17 among patients in healthcare settings
other than hemodialysis units has been infrequently report-
ed and has generally involved contamination of equipment
or parenterally administered medications. Unsafe injection
practices and other failures to use appropriate aseptic tech-
nique have been associated with several recently reported
healthcare-related outbreaks of HCV and HBV infections in
the United States.18

In early August 2002, the Oklahoma State
Department of Health received a report of a cluster of six
patients with unexplained HCV infections, all of whom
had been treated for pain in the same hospital outpatient
clinic. The clinic, which was opened in April 1999, was
operated by a board-certified anesthesiologist and a certi-
fied registered nurse anesthetist who were contractors
assisted by hospital staff nurses. Patients were seen one

afternoon every week in an outpatient clinic where they
received pain management procedures such as epidural
injections and nerve root blocks. Because of this cluster
of HCV infections, the clinic was closed in August 2002,
and we launched an investigation to determine the extent
and etiology of the outbreak. This article provides
detailed information about our investigation of this out-
break, which was briefly reported previously.18

METHODS

Laboratory Testing and Case Definitions
Letters were sent to all clinic patients notifying them

that they might have been exposed to HCV during pain
management treatments and offering to test them for HCV
and HBV at no charge. Although some patients arranged
to be tested through their private physicians, most were
tested by the hospital and one of its commercial reference
laboratories. Tests for HCV included antibody to HCV
(anti-HCV) using an enzyme immunoassay (ORTHO HCV
Version 3.0 ELISA, Ortho-Clinical Diagnostics, Raritan,
NJ) with positive results confirmed by either a supple-
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BACKGROUND AND OBJECTIVE: In August 2002,
the Oklahoma State Department of Health received a report of
six patients with unexplained hepatitis C virus (HCV) infection
treated in the same pain remediation clinic. We investigated the
outbreak’s extent and etiology.

DESIGN, SETTING, AND PARTICIPANTS: We con-
ducted a retrospective cohort study of clinic patients, including a
serologic survey, interviews of infected patients, and reviews of
medical records and staff infection control practices. Patients
received outpatient pain remediation treatments one afternoon a
week in a clinic within a hospital. Cases were defined as HCV or
hepatitis B virus (HBV) infections among patients who reported
no prior diagnosis or risk factors for disease or reported previous
risk factors but had evidence of acute infection.

RESULTS: Of 908 patients, 795 (87.6%) were tested, and

71 HCV-infected patients (8.9%) and 31 HBV-infected patients
(3.9%) met the case definition. Multiple HCV genotypes were
identified. Significantly higher HCV infection rates were found
among individuals treated after an HCV-infected patient during
the same visit (adjusted odds ratio [AOR], 6.2; 95% confidence
interval [CI95], 2.4–15.8); a similar association was observed for
HBV (AOR, 2.9; CI95, 1.3–6.5). Review of staff practices revealed
the nurse anesthetist had been using the same syringe–needle to
sequentially administer sedation medications to every treated
patient each clinic day.

CONCLUSIONS: Reuse of needles–syringes was the
mechanism for patient-to-patient transmission of HCV and HBV
in this large nosocomial outbreak. Further education and stricter
oversight of infection control practices may prevent future out-
breaks (Infect Control Hosp Epidemiol 2004;25:576-583).

ABSTRACT
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mental anti-HCV recombinant immunoblot assay (RIBA)
(Chiron RIBA HCV 3.0 SIA, Chiron Corp., Emeryville, CA)
or a quantitative reverse transcriptase–polymerase chain
reaction (PCR) assay for HCV RNA (Hepatitis C Viral
RNA, Quantitative Real-Time PCR, Quest Diagnostics,
Teterboro, NJ). Genotyping of HCV RNA–positive speci-
mens was performed using a line-probe assay (Hepatitis C
Viral RNA, Genotype, Quest Diagnostics). 

Testing for markers of HBV infection included total
and IgM antibody to hepatitis B core antigen (anti-HBc),
hepatitis B surface antigen (HBsAg), and antibody to
HBsAg (anti-HBs) using commercially available assays.
Although human immunodeficiency virus testing was per-
formed, it is not discussed in this article because only one
previously diagnosed patient tested positive.

Patients who tested positive for anti-HCV (confirmed
by RIBA or PCR) were considered infected with HCV.
Patients who tested positive for IgM anti-HBc or total anti-
HBc in combination with either HBsAg or anti-HBs were
considered infected with HBV. Patients who tested negative
for serologic markers of HCV and HBV infection were con-
sidered uninfected. Patients with HCV or HBV infections
were considered cases if they either (1) did not report a his-
tory of hepatitis, injection-drug use, or receipt of blood prod-
ucts before 1992 (1972 for HBV) or (2) reported previous
risk factors but had evidence of acute infection (alanine
aminotransferase level greater than 2.5 times the upper limit
of normal or jaundice) within 2 to 26 weeks of visiting the
clinic. Infected patients who reported a history of disease or
reported a risk factor history and did not have evidence of
acute infection were considered to have prior infections.

Data Collection
We reviewed pain clinic charts, nursing admission

medical histories, and laboratory test results. From pain
clinic charts we obtained demographic information, dates
and times of visits, procedure summaries, type and dose
of medications administered, and identified attending
healthcare professionals. Self-reported medical histories
of HCV- and HBV-positive patients, including symptoms,
history of hepatitis, and lifetime history of risk factors,
were obtained from nursing admission assessment sheets
and follow-up telephone interviews.

Review of Staff Infection Control Practices and
Staff Testing

A review of staff infection control practices was con-
ducted, including private interviews with the attending
physician, the certified registered nurse anesthetist, and
several staff nurses. Self-report and peer review were
used to evaluate individual infection control techniques
of clinic staf f and general treatment procedures.
Additionally, the clinic staff was tested for HCV and HBV.

Retrospective Cohort Study
To evaluate possible risk factors for acquiring infec-

tion at the clinic, we performed a retrospective cohort
study of patients classified as not previously infected (ie,

case-patients and uninfected patients). We compared
infection rates among exposed and unexposed clinic
patients for several factors of interest including the num-
ber of times a patient visited the clinic and the number of
times a patient was exposed to HCV- or HBV-infected
patients in the clinic. Statistical analysis was performed
using Epi-Info (version 6; Centers for Disease Control
and Prevention, Atlanta, GA) and SAS (version 8; SAS
Institute, Inc., Cary, NC) software and included chi-
square tests (Fisher’s exact test if any expected cell value
was less than 5) for dichotomous variables,19 t tests as
well as chi-square test for trend20 for continuous and cate-
gorical variables, and logistic regression for assessment
of associations after controlling for potential confounders
such as gender, age, and number of clinic visits. Relative
risks (RRs) and adjusted odds ratios (ORs) were used to
evaluate the magnitude and direction of associations and
95% confidence intervals (CI95) and P values of less than
.05 were used to determine statistical significance.

RESULTS

Identification of Cases
Serologic testing for HCV and HBV infections

(most of which was conducted from August through
October 2002) was completed for 795 (87.6%) of 908
patients treated since the clinic opened in April 1999. The
median age of tested patients was 53 years (range, 16 to
93 years). These patients had made a median of 2 visits
(range, 1 to 17 visits) to the clinic. The 113 untested
patients included 74 patients who could not be contacted
or did not respond to requests for testing, 9 patients who
refused testing, and 30 patients who had died. Hepatitis
was not listed on any of the 29 available death certificates
reviewed. Tested patients were similar to untested
patients regarding gender and age but attended the clinic
significantly more often (data not shown).

Of the 795 patients tested, 86 (10.8%) were infected
with HCV and 71 (82.6%) with clinic visit dates from April
12, 1999, through July 22, 2002, met the case definition
(HCV attack rate, 9.1%) (Table 1). Forty had evidence of
acute infection, including 32 (80.0%) who reported jaun-
dice (Fig. 1). Among 63 genotyped case-patients, nearly
three-fourth were genotype 1a; 12.7% had indeterminate
results (Table 1).

A total of 42 (5.3%) of the patients tested were infect-
ed with HBV and 31 (73.8%) with clinic visit dates from
July 19, 1999, through August 5, 2002, met the case defin-
ition (HBV attack rate, 4.0%). Thirteen had evidence of
acute infection, including 11 (84.6%) who reported jaun-
dice (Table 2).

Review of Staff Infection Control Practices and
Staff Testing

Interviews with the certified registered nurse anes-
thetist and clinic staff nurses revealed that the certified reg-
istered nurse anesthetist’s routine practice was to prepare
a single needle and syringe at the beginning of each clinic
session for each of three sedation medications (midazolam,
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fentanyl, and propofol) and to use these three syringes and
needles to administer these medications sequentially to all
patients treated in an individual clinic session, through a
heparin lock attached directly to an intravenous cannula.
The certified registered nurse anesthetist reported that he
employed this unsafe injection practice because he
believed the heparin lock provided a sterile field.

In March 2002, a staff nurse lodged a verbal com-
plaint about the certified registered nurse anesthetist’s
reuse of needles with an immediate supervisor, but this
complaint was not formalized in writing or investigated. A

formal complaint was lodged in June 2002, following a ver-
bal complaint by a second nurse. The certified registered
nurse anesthetist and clinic staff nurses reported that the
certified registered nurse anesthetist began using new
syringes and needles to administer each medication to
each patient on June 17, 2002, when notified of the formal
complaint concerning his technique.

There was no evidence that any other clinic staff
practiced improper infection control techniques. Multi-
dose vials were not carried over from one clinic day to
another. Saline and heparin were aliquotted into individ-
ual syringes at the beginning of each clinic day and were
maintained in a room separate from the patient treatment
areas. No additional equipment that could have served as
a source of transmission was identified. With the excep-
tion of one staff nurse who was also a clinic patient and
met the case definition for HCV infection, clinic staff test-
ed negative for HCV and HBV infections.

Retrospective Cohort Study
There were no differences in HCV infection rates

by mean age (data not shown) or gender (Table 3).
Higher HCV infection rates were associated with more
frequent clinic visits (Table 3). The risk of infection
increased significantly when patients were treated imme-
diately after or anytime after a patient infected with HCV
during the same clinic session (Table 3); these relation-

TABLE 1
RESULTS OF HEPATITIS C VIRUS TESTING FOR 795 PAIN CLINIC

PATIENTS IN OKLAHOMA DURING 2002*

No. of cases 71 (82.6%)
Evidence of acute infection†

Yes 40 (56.3%)
No 31 (43.7%)

Genotype (n = 63)
1a 46 (73.0%)
2b 5 (7.9%)
3a 4 (6.4%)
Indeterminate 8 (12.7%)

No. of prior infections 15 (17.4%)
Evidence of previous infection

Previously diagnosed 10 (66.7%)
Strong risk factors 5 (33.3%)

Genotype (n = 13)
1a 7 (53.8%)
2b 3 (23.1%)
1b 1 (7.7%)
3a 1 (7.7%)
Indeterminate 1 (7.7%)

*Eighty-six patients (10.8%) were infected with hepatitis C virus. Eleven clinic patients were co-
infected with hepatitis C virus and hepatitis B virus.
†Included self-reported jaundice or laboratory evidence of an elevated alanine aminotransferase
level (> 2.5 times the upper limit of normal).

TABLE 2
RESULTS OF HEPATITIS B VIRUS TESTING FOR 795 PAIN CLINIC

PATIENTS IN OKLAHOMA DURING 2002*

No. of cases 31 (73.8%)
Evidence of acute infection†

Yes 13 (41.9%)
No 18 (58.1%)

HBV test panel results
IgM anti-HBc 2
IgM anti-HBc and anti-HBs 9
Total anti-HBc and anti-HBs 18
Total anti-HBc and HBsAg 2

No. of prior infections 11 (26.2%)
Evidence of previous infection

Previously diagnosed 8 (72.7%)
Strong risk factors 3 (27.3%)

HBV test panel results
IgM anti-HBc‡ 2
IgM anti-HBc and anti-HBs‡ 2
Total anti-HBc and anti-HBs 6
Total anti-HBc and HBsAg 1

HBV = hepatitis B virus; anti-HBs = antibody to hepatitis B surface antigen; anti-HBc = antibody
to hepatitis B core antigen; HBsAg = hepatitis B surface antigen.
*Forty-two patients (5.3%) were infected with HBV. Eleven clinic patients were co-infected with
hepatitis C virus and HBV.
†Included self-reported jaundice or laboratory evidence of an elevated alanine aminotransferase
level (> 2.5 times the upper limit of normal).
‡Four IgM anti-HBc–positive patients were each tested more than 12 months after their most
recent clinic visit and each reported a prior diagnosis of HBV, previous risk factors (injection-
drug use or receipt of blood products before 1972), or both.

FIGURE 1. Onset of evidence of acute hepatitis C virus (HCV) infection
among HCV case-patients (n = 39). Forty (56.3%) of the 71 case-patients
infected with HCV self-reported jaundice or had laboratory evidence of an
elevated alanine aminotransferase (ALT) level (> 2.5 times the upper limit
of normal); however, 1 patient could not recall the month of onset. For
patients with an elevated ALT level and jaundice, the date of the laborato-
ry report of an elevated ALT level was used as the date of onset.
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ships remained after multivariate modeling adjusting for
age, gender, and number of clinic visits (Table 3). There
was also a significant dose–response relationship between
the HCV infection rate and the number of clinic visits dur-
ing which a patient was treated anytime after a patient
infected with HCV. Compared with patients never treated
after a patient infected with HCV, the risk increased 6-fold
for those treated anytime after an infected patient on 1
day, 15-fold for those treated anytime after an infected
patient on 2 days, and 21-fold for those treated anytime
after an infected patient on 3 or more days (Table 3). 

Higher HCV genotype 1a infection rates were also
significantly associated with being treated immediately
after (RR, 13.1; CI95, 7.3 to 23.4; P < .001) or anytime after
(RR, 10.5; CI95, 3.8 to 28.9; P < .001) a patient infected with
HCV genotype 1a during the same clinic session.
Similarly, although there were only 5 HCV case-patients
with genotype 2b, higher HCV genotype 2b infection rates
were significantly associated with being treated immedi-
ately after (RR, 312.5; CI95, 38.8 to 2,500.0; P < .001) or any-
time after (RR, 65.8; CI95, 7.5 to 588.2; P < .001) a patient
infected with HCV genotype 2b during the same clinic
session. Higher HCV genotype 3a infection rates were not
associated with being treated after a patient with HCV
genotype 3a (data not shown).

Clustering of three or more sequentially treated

patients infected with HCV genotype 1a occurred on
seven clinic dates. Clustering of two patients infected with
HCV genotype 1a and at least one patient with an indeter-
minate or unknown genotype treated sequentially
occurred on an additional three clinic dates. During 2
days, nine patients with HCV genotype 1a were treated in
close sequence (Table 4). Clustering of two or more
sequentially treated patients infected with HCV genotype
2b occurred on three clinic dates. Although patients
infected with HCV genotype 3a were never treated
sequentially in the clinic, there were two clinic dates dur-
ing which two patients infected with HCV genotype 3a
were treated. On one of these dates, the two patients
infected with genotype 3a were separated in treatment
order by one patient infected with HCV genotype 1a.

There were no differences in HBV infection rates
by mean age (data not shown) or number of clinic visits,
but males had significantly higher HBV infection rates
than did females (Table 5). The risk of acquiring HBV
infection was significantly associated with being treated
immediately after or anytime after a patient infected with
HBV (based on any combination of markers) or, more
specifically, after an HBsAg-positive patient during the
same clinic session (Table 5). These relationships
remained after multivariate modeling adjusting for age,
gender, and number of clinic visits (Table 5). There was

TABLE 3
ASSESSMENT OF POTENTIAL RISK FACTORS FOR HEPATITIS C VIRUS INFECTION AMONG PAIN CLINIC PATIENTS IN OKLAHOMA DURING 2002

No. of No. of
Case- Uninfected RR Adjusted OR*

Risk Factor Patients Patients (CI95) P (CI95)

Gender
Male 28 247 1.2 (0.8–1.9) .49
Female 43 453

No. of clinic visits
> 1 58 421 2.8 (1.6–5.0) < .001
1 13 288

Treated anytime after an anti-HCV–positive patient
during the same clinic session
Ever 66 383 9.7 (4.0–23.9) < .001 6.2 (2.4–15.8)
Never 5 326

Treated immediately after an anti-HCV–positive patient
Ever 54 103 12.6 (7.5–21.1) < .001 14.0 (7.5–26.2)
Never 17 606

Total no. of visits treated anytime after an anti-HCV–
positive patient during the same clinic session
0 5 326 1.00
1 24 258 5.6 (2.2–14.6) < .001
2 27 92 15.0 (5.9–38.0) < .001
� 3 15 33 20.7 (7.9–54.3) < .001

< .001†

HCV = hepatitis C virus; RR = relative risk; CI95 = 95% confidence interval; OR = odds ratio; anti-HCV = antibody to hepatitis C virus.
*Derived from multivariate analysis.
†Chi-square test for linear trend.
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also a significant dose–response relationship between
HBV infection rates and the number of clinic visits during
which a patient was treated anytime after a patient infect-
ed with HBV. Compared with patients never treated after
a patient infected with HBV, the risk increased 3-fold for
those treated anytime after an infected patient on 1 day, 4-
fold for those treated anytime after an infected patient on
2 days, and 10-fold for those treated anytime after an
infected patient on 3 or more days (Table 5). Clustering of
three sequentially treated patients infected with HBV
occurred on three clinic dates. On two clinic dates, four

patients infected with HBV were treated after an HBsAg-
positive patient (Table 6).

Amplification of HCV infections among patients
receiving treatment in the clinic appeared to occur as
patient-to-patient transmission spread the virus in the
patient population. Figure 2 displays the proportion of
patients treated in the clinic each month who met the case
definition for HCV infection. The prevalence of HCV case-
patients began to increase in May 2001, appeared to peak
in February to March 2002, and returned to baseline in
July 2002. The attack rate of HCV infections among
patients treated in the clinic from May 2001 through June
10, 2002, was 16.6%. The attack rate prior to this period
was 2.6%, and the attack rate after this period was 4.9%.
The outbreak appeared to end when the certified regis-
tered nurse anesthetist discontinued reusing syringes and
needles on June 17, 2002. All HCV and HBV case-patients
treated in the clinic after this date were also treated
before this date and clustering of HCV and HBV case-
patients was not observed after this date.

DISCUSSION

We identified 71 cases of HCV and 31 cases of HBV
infection among patients undergoing pain remediation
treatments in an outpatient clinic in Oklahoma. Our
results suggest that infection was likely transmitted from
patient to patient when a syringe and the attached needle,
contaminated by the blood of an infected patient during
the administration of anesthesia, were reused on subse-
quent patients. Failure of a certified registered nurse
anesthetist to follow basic principles of infection control,
inadequate oversight of clinic staff by the attending
physician, delays in responding to staff complaints, and
the difficulty of identifying acute cases of HCV all con-
tributed to the outbreak’s magnitude and prolonged dura-
tion.

Administering intravenous anesthesia provides
many opportunities for contamination of medical equip-
ment, supplies, and multidose medication vials if strict
aseptic technique and appropriate injection practices are
not applied.21 Lapses in aseptic technique by anesthesiol-
ogists or certified registered nurse anesthetists have been
implicated in previous reports of transmission of bacterial
and viral pathogens.18,22-24 Savings of drugs, supplies, and
time have been cited as reasons for reuse of syringes dur-
ing administration of anesthesia medications among anes-
thesiologists.2,5,25-27 Drug-abusing healthcare workers
may also serve as sources of provider-to-patient transmis-
sion of blood-borne infections.28

The certified registered nurse anesthetist involved
in this outbreak reported routinely reusing needles and
syringes during a period of several years while adminis-
tering anesthesia medications directly into intravenous
solution bags or portals on tubing in surgical settings. He
continued reusing needles and syringes when he began
working in the pain clinic. He reported that he was
unaware that this inappropriate injection practice may
have placed patients at risk of blood-borne infections.

TABLE 4
CLUSTERING OF PAIN CLINIC PATIENTS INFECTED WITH HEPATITIS

C VIRUS IN OKLAHOMA DURING 2002

Date of
Clinic Visit* Order† Genotype

2/25/2002 (n = 24)
11 1a
12 1a
13 1a
14 1a
15 1a
16 1a
17 1a
18 1a
19 1a
20 2b
21 Indeterminate
22 ‡

23 ‡

24 1a
3/11/2002 (n = 21)

3 2b
4 1a
5 1a
6 1a
7 ‡

8 1a
9 1a

10 1a
11 1a
12 1a
13 1a
14 Indeterminate
15 1a
16 ‡

17 Indeterminate
18 1a
19 ‡

20 1a

*The date patients visited the clinic to receive pain management treatments.
†The sequential order in which patients were treated that day. 
‡Patient was not tested or was negative for antibody to hepatitis C virus or antibody to hepatitis
B core antigen.
Note. Ten patients treated on February 25, 2002, were also treated on March 11, 2002.
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Once he was notified that a formal complaint concerning
his technique had been filed with the facility’s infection
control committee, he began using new syringes and nee-
dles to administer each medication to each patient.
Following the brief report of this outbreak investigation,
the Oklahoma Board of Nursing revoked the certified
registered nurse anesthetist’s license and imposed a mon-
etary fine.18 The American Association of Nurse
Anesthetists condemned the practice of reusing needles
or syringes29; they sent mailings to members and stu-
dents, nurse anesthesia school program directors, and
hospital administrators reminding them that needles and
syringes should not be reused. However, continued tar-
geted educational efforts are recommended.

The major limitation of our study was the potential
for misclassification of patients. Because there is current-
ly no assay to distinguish newly acquired from previous
HCV infection and most individuals infected with HCV
have mild or no signs or symptoms,30 it was difficult to dif-
ferentiate between cases and patients with prior infec-
tions. Information about symptoms of jaundice and prior
risk factors was collected during follow-up interviews with

the patients and thus could have been subject to recall
bias. Because most patients were treated in the clinic on
two or three different dates, it was difficult to definitively
identify which patients served as sources of infection on
which dates. Genotype 1a, the most common HCV geno-
type in this outbreak, is the most common HCV genotype
in the United States,31 and we were limited in our ability to
directly compare HCV isolates from individual patients
because viral sequencing was not performed.

We were particularly limited in our ability to cor-
rectly classify the source of HBV infection for patients
who did not have serologic evidence of acute infection
because 61.9% of the patients infected with HBV were test-
ed more than 6 months after their last clinic visit (45.2%
were tested more than 12 months after their last clinic
visit). An additional source of potential misclassification
arose from the 113 untested clinic patients. A total of 16
case-patients (5 with HCV and 11 with HBV) were never
treated in the clinic after a patient known to be infected.
However, 3 of the 5 HCV case-patients who were never
exposed to an anti-HCV–positive patient and 7 of the 11
HBV case-patients who were never exposed to an HBV-

TABLE 5
ASSESSMENT OF POTENTIAL RISK FACTORS FOR HEPATITIS B VIRUS INFECTION AMONG PAIN CLINIC PATIENTS IN OKLAHOMA DURING 2002

No. of No. of
Case- Uninfected RR Adjusted OR*

Risk Factor Patients Patients (CI95) P (CI95)

Gender
Male 17 257 2.2 (1.1–4.4) .021
Female 14 485

No. of clinic visits
> 1 21 457 1.3 (0.6–2.8) .44
1 10 294

Treated anytime after an HBV†-positive patient during 
the same clinic session
Ever 20 260 3.3 (1.6–6.7) < .001 2.9 (1.3–6.5)
Never 11 491

Treated immediately after an HBV†-positive patient
Ever 11 60 5.5 (2.8–11.0) < .001 6.4 (2.7–15.3)
Never 20 691

Treated anytime after an HBsAg-positive patient during 
the same clinic session
Ever 9 27 8.5 (4.2–17.0) < .001 10.5 (4.2–26.5)
Never 22 721

Total no. of visits treated anytime after an HBV†-positive 
patient during the same clinic session
0 11 491 1.00
1 12 201 2.6 (1.2–5.7) .017
2 5 48 4.3 (1.6–11.9) .013
� 3 3 11 9.8 (3.1–31.2) .005

< .001‡

HBV = hepatitis B virus; RR = relative risk; CI95 = 95% confidence interval; OR = odds ratio; HBsAg = hepatitis B surface antigen.
*Derived from multivariate analysis.
†Defined as positive for antibody to hepatitis B core antigen in combination with HBsAg or antibody to hepatitis B surface antigen (see METHODS).
‡Chi-square test for linear trend.
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positive patient were treated sometime after an untested
patient on at least one clinic visit. Potential sources of
infection for the remaining 2 HCV case-patients and 4
HBV case-patients remain unknown. Because untested
patients most often visited the clinic prior to 2001, visited
significantly fewer times than did tested patients, and did
not cluster in treatment order with other untested patients
or with hepatitis-positive patients, we do not believe
untested patients played a large role in this outbreak.

Despite the potential for some misclassification,
these results support a strong cause-and-effect relation-
ship between reuse of syringes and needles in anesthesia
and HCV and HBV infections of patients in this outbreak.
The strength of the associations, dose–response relation-
ships, consistency with other studies, and the fact that it
was the only biologically plausible mechanism evident all
support our conclusions. Additionally, when the certified
registered nurse anesthetist discontinued reusing nee-
dles and syringes, the outbreak ceased.

Although data from case–control studies and
national and sentinel surveillance systems suggest that
healthcare-related transmission is an uncommon source
of infection in the United States,31-33 unsafe injections have
been recognized as an important source of transmission
of blood-borne pathogens in the developing world,34-36 and
healthcare-related outbreaks of viral hepatitis have been
reported in developed countries.8,9,12,34,37-41

Most patients with acute HCV or HBV infections
are asymptomatic and therefore might not come to med-
ical attention or may not be investigated by public health

departments. This outbreak was originally identified by a
local physician in a community of fewer than 100,000 who
treated six of the HCV-positive pain clinic patients. This
underscores the importance of collecting information on
potential sources of infection from patients with acute
viral hepatitis, promptly reporting acute infections to the
public health department, and investigating even small
clusters of unexplained acute hepatitis to determine the
frequency with which healthcare-related transmission of
viral hepatitis occurs. In the United States, a source for
infection cannot be identified for approximately 10% to
20% of individuals newly infected with HCV or HBV.31,33

Healthcare-related transmission should be suspected
when cases without known sources of transmission are
detected among individuals who are typically at low risk
for infection.18

The errors in infection control practices and over-
sight identified in our investigation highlight needed
improvements in education and monitoring to ensure that
blood-borne pathogens are not transmitted in healthcare
settings. Basic infection control principles of aseptic tech-
nique and safe injection practices need to be reinforced in
education and training programs. These programs should
also emphasize the importance of peer review and appro-
priate supervision of assistants by attending physicians.
Finally, each institution should have explicit mechanisms
for lodging and investigating complaints of improper
infection control practices, and these policies should be
widely disseminated to staff, including contractors and
other non-hospital staff practicing at the facility.

REFERENCES
1. Heseltine P. Anesthesiologists should not give IV medications with a

common syringe. Hosp Infect Control 1986;13:84-85.
2. Kempen PM. Contamination of syringes. Can J Anaesth 1989;36:730-

731.
3. Expanded Programme on Immunization. Changing needles but not the

syringe: an unsafe practice. World Health Organization Weekly
Epidemiological Record 1987;62:345-346.

4. Lutz CT, Bell CE Jr, Wedner HJ, Krogstad DJ. Allergy testing of multi-
ple patients should no longer be performed with a common syringe. N
Engl J Med 1984;310:1335-1337.

5. Monti EJ. The safe use of disposable syringes in anesthesia: cost effec-

FIGURE 2. Proportion of patients treated in the pain clinic categorized as
hepatitis C virus (HCV) case-patients by month of clinic visit. Because
patients with HCV visited the clinic an average of 2.2 times, patients are
counted more than once when their visits took place in multiple months.
Reuse of needles or syringes was discontinued on June 17, 2002. The clin-
ic was closed on August 12, 2002.

TABLE 6
CLUSTERING OF PAIN CLINIC PATIENTS INFECTED WITH HEPATITIS

B VIRUS IN OKLAHOMA DURING 2002

Date of Positive HBV
Clinic Visit* Order† Test Panel Results

4/29/2002 (n =15)
9 anti-HBc, HBsAg

10 IgM anti-HBc, anti-HBs
11 anti-HBc, anti-HBs
12 ‡

13 IgM anti-HBc, anti-HBs
14 ‡

15 IgM anti-HBc, anti-HBs
5/20/2002 (n =18)

13 anti-HBc, HBsAg
14 ‡

15 IgM anti-HBc, anti-HBs
16 IgM anti-HBc
17 IgM anti-HBc, anti-HBs
18 IgM anti-HBc

HBV = hepatitis B virus; anti-HBc = antibody to hepatitis B core antigen; anti-HBs = antibody to
hepatitis B surface antigen; HBsAg = hepatitis B surface antigen.
*The date patients visited the clinic to receive pain management treatments.
†The sequential order in which patients were treated that day.
‡Patient was not tested or was negative for antibody to hepatitis C virus or anti-HBc.



Vol. 25  No. 7 HEPATITIS AMONG PAIN REMEDIATION PATIENTS 583

tive or costly? CRNA: The Clinical Forum for Nurse Anesthetists
1995;6:86-90.

6. Trepanier CA, Lessard MR, Brochu JG, Denault PH. Risk of cross-
infection related to the multiple use of disposable syringes. Can J
Anaesth 1990;37:156-159.

7. Fleming A, Ogilvie AC. Syringe needles and mass inoculation tech-
nique. Br Med J 1951;1:543-546.

8. Knoll A, Helmig M, Peters O, Jilg W. Hepatitis C virus transmission in
a pediatric oncology ward: analysis of an outbreak and review of the lit-
erature. Lab Invest 2001;81:251-262.

9. Allander T, Gruber A, Naghavi M, et al. Frequent patient-to-patient
transmission of hepatitis C virus in a haematology ward. Lancet
1995;345:603-607.

10. Bruguera M, Saiz JC, Franco S, et al. Outbreak of nosocomial hepati-
tis C virus infection resolved by genetic analysis of HCV RNA. J Clin
Microbiol 2002;40:4363-4366.

11. Krause G, Trepka MJ, Whisenhunt RS, et al. Nosocomial transmission
of hepatitis C virus associated with the use of multidose saline vials.
Infect Control Hosp Epidemiol 2003;24:122-127.

12. Widell A, Christensson B, Wiebe T, et al. Epidemiologic and molecular
investigation of outbreaks of hepatitis C virus infection on a pediatric
oncology service. Ann Intern Med 1999;130:130-134.

13. Canter J, Mackey K, Good LS, et al. An outbreak of hepatitis B associ-
ated with jet injections in a weight reduction clinic. Arch Intern Med
1990;150:1923-1927.

14. Hlady WG, Hopkins RS, Ogilby TE, Allen, ST. Patient-to-patient trans-
mission of hepatitis B in a dermatology practice. Am J Public Health
1993;83:1689-1693.

15. Kent GP, Brondum J, Keenlyside RA, LaFazia LM, Scott HD. A large
outbreak of acupuncture associated hepatitis B. Am J Epidemiol
1988;127:591-598.

16. Polish LB, Shapiro CN, Bauer F, et al. Nosocomial transmission of
hepatitis B virus associated with the use of a spring-loaded finger-stick
device. N Engl J Med 1992;326:721-725.

17. Quale JM, Landman D, Wallace B, Atwood E, Ditore V, Fruchter G.
Déjà vu: nosocomial hepatitis B virus transmission and fingerstick
monitoring. Am J Med 1998;105:296-301.

18. Centers for Disease Control and Prevention. Transmission of hepatitis
B and C viruses in outpatient settings: New York, Oklahoma, and
Nebraska, 2000-2002. MMWR 2003;52:901-908.

19. Fleiss J. Statistical Methods for Rates and Proportions, ed. 2. Hoboken,
NJ: Wiley; 1981.

20. Schlesselman JJ. Case-Control Studies. New York: Oxford University
Press; 1982:203-206.

21. Druce JD, Catton MG, Ryan G, Birch CJ. Survival of a hepatitis C virus
surrogate in anaesthetic and analgesic drugs. Australian Infection
Control 2001;6:89-90.

22. Bennet SN, McNeil MM, Bland LA, et al. Postoperative infections
traced to contamination of an intravenous anesthetic, propofol. N Engl
J Med 1995;333:147-154.

23. Cody SH, Nainan OV, Garfein RS, et al. Hepatitis C virus transmission
from an anesthesiologist to a patient. Arch Intern Med 2002;162:345-
350.

24. Ross RS, Viazov S, Gross T, Hofmann F, Seipp H, Roggendorf M.
Transmission of hepatitis C virus from a patient to an anesthesiology
assistant to five patients. N Engl J Med 2000;343:1851-1854.

25. Tait AR, Tuttle DB. Preventing perioperative transmission of infection:
a survey of anesthesiology practice. Anesth Analg 1995;80:764-769.

26. Rosenberg AD, Bernstein DB, Bernstein RL, Skovron ML,
Ramanathan S, Turndorf S. Accidental needlesticks: do anesthesiolo-
gists practice proper infection control precautions? Am J Anesthesiol
1995;22:125-132.

27. Greene ES. Hepatitis C outbreak: more than 50 infected by reused nee-
dles and syringes. American Society of Anesthesiologists Newsletter
2002;66:22-23.

28. Bosch X. Newspaper apportions blame in Spanish hepatitis C scandal.
Lancet 2000;355:818.

29. American Association of Nurse Anesthetists. Reuse of Needles and
Syringes by Healthcare Providers Puts Patients at Risk [press release].
Park Ridge, IL: American Association of Nurse Anesthetists; 2002.
Available at www.aana.com/press/2002/111302.asp. Accessed March
31, 2004.

30. Lauer GM, Walker BD. Hepatitis C virus infection. N Engl J Med 2001;
345:41-52.

31. Alter MJ, Kruszon-Moran D, Nainan OV, et al. The prevalence of
hepatitis C virus infection in the United States, 1988 through 1994. N
Engl J Med 1999;341:556-562.

32. Goldstein ST, Alter MJ, Williams IT, et al. Incidence and risk factors for
acute hepatitis B in the United States, 1982-1998: implications for vac-
cination programs. J Infect Dis 2002;185:713-719.

33. Alter MJ. Prevention of spread of hepatitis C. Hepatology 2002;36(5
suppl 1):S93-S98.

34. Aylward B, Kane M, McNair-Scott R, Hu DJ. Model-based estimates
of the risk of human immunodeficiency virus and hepatitis B virus
transmission through unsafe injections. Int J Epidemiol 1995;24:446-
452.

35. Hutin YJF, Harpaz R, Drobeniuc J, et al. Injections given in healthcare
settings as a major source of acute hepatitis B in Moldova. Int J
Epidemiol 1999;28:782-786.

36. Abdul MS, Adill MM, Altaf A, Hutin Y, Luby S. Recycling of injection
equipment in Pakistan. Infect Control Hosp Epidemiol 2003;23:145-146.

37. Abulrahi HA, Bohlega EA, Fontaine RE, al-Seghayer SM, al-Ruwais AA.
Plasmodium falciparum malaria transmitted in a hospital through
heparin locks. Lancet 1997;349:23-25.

38. Allander T, Medin C, Jacobson SH, Grillner L, Persson MA. Hepatitis
C transmission in a hemodialysis unit: molecular evidence for spread
of virus among patients not sharing equipment. J Med Virol 1994;43:
415-419.

39. Lark B, Hu YW, Krajden M, et al. Acute nosocomial HCV infection
detected by NAT of a regular blood donor. Transfusion 2002;42:759-
765.

40. Sanchez-Tapias JM. Nosocomial transmission of hepatitis C virus. J
Hepatol 1999;31(suppl 1):107-112.

41. Massari M, Petrosillo N, Ippolito G, et al. Transmission of hepatitis C
virus in a gynecological surgery setting. J Clin Microbiol 2001;39:2860-
2863.


