CONTAMINATED RADIOPHARMACEUTICAL AND HEPATITIS C VIRUS INFECTIONS

formed in the United States; more than
half of these were myocardial perfu-
sion studies.”? Myocardial perfusion
studies involve the intravenous injec-
tion of a radionuclide (eg, thalliwm 201
or technetium 99m-labeted sestamibi
[Tc 99m sestamibil), which is de-
tected by nuciear imaging. These ra-
diopharmaceutical products are often
prepared in commercial nuclear phar-
macies and distributed to hospitals or
outpatient clinics for administra-
tion* Although biological materials are
not used in the preparation of radio-
nuclides for myocardial perfusion stud-
ies, nuclear pharmacies may process
blood for radiolabeled blood cell
studies,

In November 2004, 2 older adulis
with no recognized risk factors for HCV
infection were diagnosed with acute
HCV infection and reported to a local
health department in Maryland. Both pa-
tients had symptom onset in early No-
vember 2004 and had undergone myo-
cardial perfusion studies at an outpatient
cardiology clinic on October 15, 2004.
The radiopharmaceutical used was Tc
99m sestamibi, which was prepared by
a nuclear pharmacy that also prepared
tadiopharmaceuticals for other health
care {acilities in the state. Additional
cases of acute HCV infection were sub-
sequently identified among patients who
underwent perfusion studies at differ-
ent clinic sites and who had received Tc
99m sestarhibi prepared by the same
pharmacy on October 15. The Mary-
land Department of Health and Mental
Hygiene conducted an investigation to
determine the mode and extent of HCV
transmission.

METHODS

Epidemiological Investigation

All patients who underwent a myocar-
dial perfusion study on Octeber 15 and
received Tc 99m sestamibi from the
same multidose pharmacy prepara-
tion vial as the initial cases (vial 1) were
Lested for evidence of HCV, hepatiis B
virus (HBV), and human immunode-
ficiency virus (HIV) infection. Using an
estimate of the maximum number of
doses that could have been prepared
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from the same multidose saline con-
tainer used to dilute vial 1, HCV, HRBV,
and HIV testing were recornmended for
any patient who received Tc 99m ses-
tamibi from the vial prepared before
(vial 0), or any of the 5 vials prepared
immediately alter vial 1 (vials 2-6). A
case was defined as evidence of HCV
infection (presence of HCV RNA with
either symptoms of acute viral hepati-
tis or elevated serum aminotrans-
ferase levels) in a person who under-
went a myocardial perfusion study on
October 14-15, 2004, ,

To determine whether other cases of
HCV infection might have resulted from
exposures to radiopharmaceuticals pre-
pared by other pharmacies or on dif-
ferent dates, enhanced surveillance for
acute HCV cases was conducted. Lo-
cal health departments in Maryland and
infection-control practitioners were
contacted to request immediate report-
ing of all suspected cases and other state
health departments were notified
through outbreak alerts. Cases re-
ported to the Maryland Department of
Health and Mental Hygiene were in-
vestigated for recent exposure to
nuclear imaging studies. Medical
records were reviewed to obtain clini-
cal and laboratory information for po-
tential case and source patients. Demo-
graphic information was collected from
standard case report forms. Pre-
defined categories were used to col-
lect race/ethnicity information on the
surveillance case report forms.

A summary of this public health
investigation was submitted to the Seci-
ence Office in the Office of Work{orce
and Career Development, Centers for
Disease Control and Prevention, for
research/nonresearch determination.
The Office of Workforce and Career
Development Science Office deter-
mined that the activities involved in the
investigation constinuted an urgent pub-
lic heaith response and did not require
submission of a protocol to the insti-
tutional review board.

Nuclear Pharmacy Investigation

A site investigation of the nuclear phar-
macy was conducted, including a re-

view of all pharmaceuticals prepared
and biologics handled on October 14-
15, 2004. The Tc 59m sestarnibi and
white blood cell (WBC) radiolabeling
procedures were observed, Pharmacy
employees were screened for anti-
HCV, and if positive, were tested for
HCV RNA, Fmployees involved in Tc
99m sestamibi preparation on Octo-
ber 15 or WBC labeling on October 14
were interviewed about their work prac-
tices and training.

Review of Radiopharmaceutical
Preparation

From our observations, we deter-
mined that for each pharmacy prepa-.
ration of Te 99m sestamibi, Tc 99mwas
drawn into a needle and syringe and
added to a prefilled manufacturer's vial
of sestamibi powder. Each vial of com-
bined sestamibi and Tc 99m was then
heated at 100°C for 10 minutes. Saline
drawn from multidose bags or vials was
added to dilute the mixture before and
after heating. Mixing and dilution were
performed by a pharmacist in 2 lami-
nar flow workstation in a centrally lo-
cated room of the pharmacy {main
room). Following heating, dilution, and
assay of each preparation vial of Te 99m
sestamibi solution, individual patent
doses (approximately 7-16 per vial)
were drawn into syringes by phar-
macy technicians in the main room.
These prefilled syringes were pack-
aged and delivered to health care fa-
cilities for administration.

The WBC radiolabeling procedure
was perforined by a pharmacist in a
designated blood room, adjacent to
the main room. For this procedure,
whole blood was received and placed
in a flow hood to be separated into
components. The procedure involved
several centrifuge tubes, multiple
syringes, and frequent washes of the
separated cells using saline from a
multidose vial. The procedure also
required the pharmacist to leave the
blood room carrying the blood-
derived preparation Lo use 2 hood in
the main room where Tc 99m sesta-
mibi and other stetile radiopharma-
ceuticals were prepared.
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Laboratory and

Source Investigation

Patient and pharmacy employee se-
rum samples were tested for and-HCV
(Ortho HCV, version 3.0 enzyme-
linked fmmunosorbent assay, Ortho-
Clinical Diagnostics, Raritan, NJ). Se-
rum samples from patients and
. potential source patients (including 3
archived specimens that had been
stored at ~80°C) were tested for the
presence of HCV RNA by qualitative
polymerase chain reaction (Amplicor
HCV test, version 2.0, Roche Molecu-
lar Systems, Branchburg, NJ). Geno-
types of HCV were determined using
previously described methods.** Poten-
tizl source patients with undetectable
HCV RNA or 2n HCV genotype that did
not match that of the cases were ruled
out, leaving 1 suspected source patient.

Patient serum samples were also tested
for hepatitis B surface antigen (HBsAg)
{(ETI-MAK-2, DiaSorin szl, Saluggia,
Italy), total antibodies to the hepatitis B
core antigen (Bio-Rad Laboratories, Red-
mond, Wash), and antibodies to HIV
(anti-HIV) (Vironostika HIV-1
Microelisa System, bioMerieux Inc,
Durham, NC; and HIV-1/HIV-2Plus O,
Bio-Rad Laboratories). Serum samples
that tested positive for HBsAg and total
antibodies to the hepatitis B core anti-
genwere tested for IgM antibodies to the
hepatitis B core antigen (ETI-CORE-
1GMK, DiaSorin, Stillwater, Minn) and
antibodies to hepatitis B e antigen (ET1-
AB-FBK Plus, DiaSorin). Results of sero-
logical or RNA tests performed by
licensed clinical laboratories were
accepted in place of our testing. Fol-
low-up testing for HBsAg was recom-
mended at4 and 6 months, and for anti-
HIV at 4, 6, and 12 months, postexposure
for all cases.

The HCV hypervariable region
{HVR1) quasi species were isclated and
analyzed for cases, the suspected source
patient, and a reference group obtained
from the Third National Health and Nu-
writion Examination Survey (NHANES
111).'s The NHANES 111 reference group
included 5 randomly selected partici-
pants with HCV genotype 1a infection
whose sequences in the HCV NS5b pro-
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tein-coding region showed a 95% or
higher sequence similarity to thatof the
suspected source. The HVR1 quasi spe-
cies were isolated and amplified by lim-
iting dilution polymerase chain reac-

tion and sequenced as described -

previously.'® Pairwise analysis was used
to calculate the distribution of nucle-
otide variation by using Pileup and Evo-
Lutionary Distance programs in the Ac-
celrys GCG Package (Genetic Computer
Group, version 10.3, Accelrys Inc, San
Diego, Calif). Sequence analysis by dif-
ferent methods indicated similar
clustering of sequences. The final neigh-
bor-joining phylogenetic tree was con-
structed by using Kimura's 2-param-
eter model (DNADIST, NEIGHBOR,
and DRAWTREE programs of the
PHYLIP package, version 3.63, Seattle,
Wash),!” and bootstrap analysis was per-
formed to evaluate the reliability of the
phylogenetic tree.!®

RESULTS

Epidemiological Investigation
Sixteen cases were identified; all un-
derwent myocardizl perfusion studies
on October 15. Cases had perfusion
studies performed at 3 unaffiliated clin-
ics (TABLE 1). The median age of cases
was 63 years and 14 (88%) were male.
Fifteen cases were symptomatic, in-
cluding 11 who had jaundice, The me-
dian (range) time from exposure to first
symptom onset was 24 (15-41) days.
One case experienced liver failure and
died 10 weeks postexposure; the pri-
mary cause of death was sepsis. A sec-
ond case died from a cerebrovascular
event 9 months postexposure. All 16
cases had received injections of Tc 99m
sestamibi drawn from vial 1 and were
the only patients to have received doses
from this vial (TABLE 2).

A total of 90 patients received injec-
tions drawn from vials 0 through 6. Of
74 patients who received injections
drawn from vial O or vials 2 through 6,
2 were previously known to have
chronic HCV infection. Of the remain-
ing 72 patients, 59 (829%) agreed to be
tested for anti-HCV and all were nega-
tive; 46 (78%) of 59 patients were ad-
ditionally tested for HCV RNA and all

. |
Table 1. Pemographic and Clinical
Characteristics of Cases {N = 16)

No. {26)
Characteristic of Cases*
Age, median {range), y 63 {45-81)
Male sex 14 (88}
White race 16 (100)
Chnical _
Faclity where patient underwent
paﬁ:sim siudy
Clinic A 8 (50}
Clinic B 11{6)
Clinic C 7 (44}
Symptomatic 16 (94)
Time to symptom onset, 24 (16-41)
median frange}, d
ce 11 {68}
Hospitalized 7 {44}
Peak alanine aminofransferase =2 15 (94)
times upper kmit of nomnal
Documented arti-HCV . 5@n
SEMOCoNVErsion
Absbreviation: HCV, hepatiis G virus.
*nless othenwise indicated,

were negative. The attack rate for new
HIV (n=54) or HBV (n=53) infec-
tions was 0% among patients tested who
received injections drawn from vial 0
or vials 2 through 6.

Of the 16 cases, 12 had suflicient
HCV RNA for genotyping and were
identified as HCV genotype 1a. One
case tested positive for total antdbod-
ies to hepatitis B core antigen, HBsAg,
and antibodies to hepatitis B ¢ anti-
gen, but was negative for IgM antibod-
ies to the hepatitis B core antigen and
had radiographic findings suggestive of
chronic HBV infection. The remain-
ing 15 cases had no serological mark-
ers of HBV infection, and all 16 cases
were anti-HIV negative. Follow-up test
tesults were available for 13 of 15 cases
who survived for at Jeast 6 months and
10 of 14 cases who survived for at least
12 months postexposure. At 4 to 6
months postexposure, the 13 cases
tested nepative for markers of HBV and
HIV infection. At 12 months, the 10
cases tested negaiive for anti-HIV.

Pharmacy Investigation

Pharmnacy records indicated that 33 vi-
als (approximately 300 doses) of Tc9%m
sestamibi were prepared on October 15
{F1GURE 1). Vial 0 was the last T¢ 99m
sestamibi vial prepared on October 14;
vial 1 was the first vial prepared on Oc-
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. ___________________________________________________ |
Table 2. Selected Vials of Technetium 99m Sestamibi Prepared by the Same Pharmacy, October 14-15, 2004, and Hepatitis C Virus Test

Results for Patients Who Recelved Doses Drawn From These Vials

Amti-HCV HCV RNA
H 1 I 1
No. of No. {96} of No. of No. of No. of Alttack
Date Time Vial Patient Patients Patients Patients Patiemts Rate,
Prepared Prepared No. Doses Tested Positive Tested Positive %
Cctober
14 7736 A 0 3 3{100} 0 3 0 Q
15 1:05 AM 1 i6 16 {100} iS5 16 16 100
15 1:08 AM 2 15 14 (93) 0 14 0 0
15 1:07°aM 3 16 11 {73)* Q0 g 1] [4]
15 1.08 AM 4 16 13 (81) 0 8 0 Q
15 1:09 am 5 14 g (6o 0 5 0 0
16 1:10 am 6 10 9 (80) 4] 7 c 0

Abbrevation: HCV, hepatitis C virus,
*Excludes patients previously known to have chrenic HCV Infection in = 2).

Figure 1. Vials of Technetivm 99m Sestamibi Prepared and Blood Procedure Performed in
the Same Nudear Pharmacy by Time, October 14-15, 2004

Vial ¢ \Eals i-6
| | [ ]

27 Vials 10 Vials Fadkolabsling 22 Vials 11 Vials
Prepared  Prepered of WECs Prepared Prepared

)I.-.. ! .‘! -! ! o !:: ! j. ) !{I? !,_.—3._,...-!,._._.1 = «!! ! :! !! ! ! F] ! -;L«“_g_ﬁix! bv:ej' :&?W"? 3 g
1244 2 4 B 8 $10 12mm 2 4 5 8 10 12 2 4 6 8

October 14, 2004 October 15, 2004
Blood Drawn Case-Patient
From WBG Patient Injections Begun

WBC indicates white blood cell,

solved infection on the basis of past
negative HCV RNA test results. The re-
maining 26 employees were anti-HCV
negative, including the pharmacists
whao prepared the labeled WBCs and
vial 1, as well as the technicians who
drew the individual doses on October
15. The employee who could not be
contacted had stopped working at the
pharmacy on October 8.

Upon inspection of the pharmacy,
unwrapped syringes with needles at-
tached were noted in radiopharmaceu-
tical preparation areas, including work-
stations. Recapping of needles was
observed during procedures, and
was reported as a routine practice by
pharmacy workers. During observed
procedures, syringes containing radio-
active material were discarded imme-
diately following use, but syringes used
1o add saline were commonly left in
workstations and used for several
preparations. Employees reported hav-

tober 15. The first 6 vials on October
15 were batched and prepared to-
gether, with no more than 5 minutes
separating their start times (Table 2).

According to phannacy records, the
only preparation involving blood prod-
ucis on October 14-15 was a WBC-
radiolabeling procedure performed on
October 14, approximately 12 hours be-
fore vial 1 was prepared. A syringe con-
taining 50 mL of whole blood was pro-
cessed to isolate WBCs and to label
them with indium (In} 111 for a WBC
scan. The pharmacist who performed
WBC radiolabeling on October 14 was
not involved in the Tc 99m sestamibi
preparation on October 15.

Of 28 employees who were work-
ing at this pharmacy in October, 27
were Jocated and agreed to be screened
for HCV infection. One employee was
anti-HCV positive but HCV RNA nega-
tive. This employee had been tested pre-
viously and was thought to have re-

2008 AMA, Ocober 253, 2006—Vol 296, No. 16 (Reprinted)

ing received training in radiation safety
and aseptic technique. Proficiency in
aseptic technique was regularly as-
sessed by growth media challenge tests
(a sterile preparation of culture media
performed and subsequently observed
for microbial growth). Although the
pharmacy maintained documentation
of reported needlestick injuries, sev-
eral employees claimed that sharps in-
juries were not always reported to the
pharmacy’s management,

Laboratory and Source
Investigation

The patient whose blood had been pro-
cessed on October 14 (WBC patient)
was a nursing howme resident with a his-
tory of HCV, HBV, and HIV infec-
tions, who had been hospitalized foral-
tered mental status and urosepsis. The
patient was reinjected with the radio-
labeled WBCs prepared by the nuclear
pharmacy but was discharged before the
imaging scan was performed and died
approximately 1 week later, Frozen se-
rum specimens that had been col-
lected from this patient in 1996, 1999,
and july 2003 were retrieved. Testing
determined that all specimens were
HCV RNA positive, genotype la.
This patient had previously re-
ceived antiretroviral therapy for HIV in-
fection but had not been treated for
HCYV infection. Laboratory studies re-
vealed an HIV-1 RNA concentration of
15 104 copies/mL in August 2004, and
an HCV RNA concentration of 1.2 X 10°
copies/mL in May 2000. In November
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2002, the patient tested negative for
HBsAg.

Nine of 16 cases had sufficient HCV
RNA for quasi species analysis. Quasi
species analyses for HVR1 were per-
formed on specimens from these 9 cases
and the WBC patient, and compared with
5 NHANES I1i participants with geno-
type La infection (FIGURE 2). Cases had
2 to 15 distinct HVR1 sequences that
were 98.5% 1o 100% identical to each
other. Eleven distinct HVR1 sequences
were characterized from the WBC pa-
tient specimen collected in 2003, Simi-
larity among the HVR1 sequencesin the
WBC patientspecimen collected in 2003
and the sequences of the 9 cases ranged

- {rom 97.8% to 98.5%. The similarity

among HVR1 sequences from the WBC
patient specimens collected in 1996,
1998, and 2003 was 95.5%1099.3%. The
relatedness 6f HVE] sequences from the
specimens of cases and the WBC patient
compared with the NHANES THl speci-
mens ranged from 79.7% t0 89.9%. The
sequences from the cases and the WBC
patient clustered as a group distinct from
those of the NHANES Il specimens.

COMMENT

The findings from this and other re-
cent investigations demonstrate that
bloodborne pathogens can be transmit-
ted in any setting where blood expo-
sures occur and aseptic technique is
compromised. Health care-—related ex-
posures should be considered in the
evaluation of patients with acure HCV
infection, and clinicians should report
these cases to facilitate prompt identi-
fication and control of potential out-
breaks. This outbreak was detected only
after symptomatic patients were te-
ported to a local health department that
conducts enhanced HCV surveillance
and roudnely investigates acute cases.
Their investigation of the initial cases
identified a commaon exposure to out-
patient cardiclogy procedures on the
same date. The resulting expanded in-
vestigation revealed that 16 patients
who underwent myocardial perfusion
studies at 3 separate clinics acquired
HCYV infection after receiving Tc 99m
sestamibi injections drawn from a single

©2006 American Medical Association. All rights reserved.

pharmacy preparation vial. Blood from
a patient with chronic HCV and HIV
infections was the source of HCV trans-
mission, probably through contamina-
tion of supplies {syringes or a multi-
dose saline vial) during the preparation
of In 111-labeled WBCs on October 14.
Although a cost analysis was beyond the
scope of this investigation, the costs as-
sociated with this outbreak were likely
substantial, including those to pa-
tients with symptomatic illness that re-
quired hospitalization, as well as those
incurred by the medical care and pub-
fic health systems involved. Transmis-
sion of HCV from a contaminated ra-
diopharmaceutical has not been
described previously.

Multiplelines of evidence support the
proposed mode of HCV transmission.
Simultaneous transmission to 16 patients
occurred in 3 unaffiliated clinics. Theat-

tackrate was 100% among patients who
received Tc 99m sestamibi from the im-
plicated pharmacy vial and 0% among
patients who receivad doses from the
other vials. No pharmacy employee was
viremic for HCV. This phanmacy per-
formed no other procedures involving
blood products. Furthermore, quasi spe-
cies analysis demonstrated that the HVR1
variability among the source patientand
the cases was less than the variability ob-
served over time within the source pa-
tient, as measured at titne points span-
ning 7 years.

Transmission of HCV in health care
settings has been linked to failure toad-
here to aseptic technique, including re-
use of syringes and needles and con-
tamination of multidose medication
vigls 23812 Although the specific break
in aseptic technique that led to trans-
mission was not identified, 2 mumber of

L
Figure 2. Unrooted Phylogenetic Tree of Hepatitis C Virus Hypervariable Region Sequences
Identified From the White Blood Cell Patient at 3 Different Periods, 9 Cases, and Selected
Third National Health and Nutrition Examination Participants

Case Patlents
WBG Patient
NHANES IIl Participants

—_
5% Variation

NHANES Il

Participant 1

NHANES 111 indicates Third National Health and Nutrition Examination; WBC, white bload cell.
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observations support the hypothesis that
a syringe or multidose saline vial con-~
taminated during the WBC radiolabel-
ing procedure could have been used in-
advertently in the Tc 99m sestamibi
preparation. First, overlap occurred be-
tween areas of the pharmacy where
blood components were processed and
areas where the Tc 99m sestamibi was
prepared. Second, practices that could
lead 10 difficuity distinguishing be-
tween used and unused syringes were
identified, including unwrapping sy-
ringes well in advance of their use, and
recapping needles without immediate

. Moreover, reuse of syringes was
not prohibited. Third, multidose saline
vials were [frequently used and com-
monly shared between sterile prepara-
tions, and thus could have been a con-
taminated reservoir.

The exact duration of HCV viability
in the ennviromnent is unknown. In chim-
panzee infectivity studies, HCV in dried
plasma at room temperature remained
infectous for 16 hours or longer." The
timeline that can be constructed from the
pharmacy’s records provides additional
information regarding HCV viability. Be-
cause blood was drawn from the WBC
patient approximately 15 hours before
preparation of the contamninated Tc 99m
sestamibi vial, and cases received injec-
tions between 6 and 8 hours later, our
findings suggest that HCV at room tem-
perature can remain infectious to hu-
mans for at least 21 to 23 hours.

Although the source patientwas coin-
{ected with HIV, no evidence existed of
HIV transmission. Several factors might
explain the absence of HIV transmis-
sion in a setting in which HCV trans-
mission was highly efficient. Human
immunodeficiency virus is likely less
stable than HCV in a room temperature
environment!®?; and the source patient
had received antiretroviral treatment in
the past, which might have attenuated
HIV tansmissibility (a consideration sup-
ported by the relatively low viral load in
August 2004). Alihough delayed HIV
seroconversion among HCV-infected
patients has been reported,*# na cases
had evidence of HIV infection at up to 1
year postexposure.

2010 JAMA, Ceotober 253, 2006—Vol 296, No. 16 (Reprinted)

Nuciear pharmacies are a specialized
form of compounding pharmacy regu-
lated by state pharmacy boards and the
US Nuclear Regulatory Cormmission or
its state designee. Approximately 370
nuclear pharmacies operate in the United
States; most are centralized suppliers,
whereas others are hospital-based !
Outbreaks of bloodstream infections and
meningitis*** have been attributed to mi-
crobial contamination of injected prod-
ucts prepared in compounding pharma-
cies, raising concerns regarding the
adequacy of compounding pharmacy
standards, training, and oversight % Ac-
cording to industry observers, compre-
hensive courses on sterile compound-
ing are not offered at most colleges of
pharmacy and many pharmacists have
little training in aseptic manipulation
skills 3 Recent surveys of hospital com-
pounding pharnacies have indicated that
compliance with quality-assurance
guidelines published by the American So-
ciety of Health-System Pharmacists re-
mains unacceptably low.”

The US Pharmacopeia was recently
revised to address pharmaceutical com-
pounding of sterile preparations, in-
cluding radiopharmaceuticals, and new
content has been proposed to address
the issue of blood-derived products in
nuclear pharmacies. ¥ However, no
specific information on risk for blood-
borne pathogen contamination of com-
pounded pharmaceuticals is provided
in the Nuclear Pharmacy Compound-
ing Guidelines from the American Phar-
maceutical Association, nor in the
model rules {or nuclearfradiologic phar-
macy from the National Association of
Boards of Pharmacy.®* Furthermore,
few explicit strategies aimed at blood-
borne pathogen risk reduction are pre-
sented in these guidelines or in the US
Pharmacopeia,3®***! The paucity of
guidance on blood manipulation within
pharmacies was reflected in this out-
break investigation, which found that
training on aseptic technique at the
nuclear pharmacy was directed at pre-
vention of microbial contamination and
growth, and protacols to address blood-
borne pathogen risks appeared lim-
ited to worker safety issues rather than

the risk of blood contamination of com-
pounded radiopharmaceuticals.

All compounding pharmacies should
comply with US Pharmacopeia stan-
dards and establish policies to ensure
sterile equipment and environments,
standardized compounding proce-
dures, and raining of employees on asep-
tic technique. Nuclear pharmacies that
handle blood products should addition-
ally recognize the risks for blood con-
tarnination of radiopharmaceuticals and
implement appropriate precautionary
measures to prevent such contamina-
ton. The safety of parenteral medica-
tions and diagnostic pharmaceuticals de-
pends on careful application of aseptic
techuniques across the entire spectrum of
their preparation and administration. The
findings from this investigation, as well
as other reported outbreaks, under-
score a need for heightened awareness
and renewed vigilance.
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