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Abstract

Background: Hepatitis C virus (HCV) transmission has been epidemiologically linked to
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healthcare settings, particularly out-of-hospital settings such as endoscopy clinics and

hemodialysis clinics. These have been largely attributed to lapses in infection prevention and

control practices (IPAC).
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Objective: To describe the public health response to an outbreak of HCV that was detected
among patients of a colonoscopy clinic in Ontario, and to highlight the risks of using multi-dose
vials and the need for improved IPAC practices in out-of-hospital settings.

Methods: Screening for HCV was conducted on patients and staff who attended or worked at
the clinic within the same timeframe as the index case’s procedure. Blood samples from positive
cases underwent viral sequencing. Inspections of the clinic assessed IPAC practices, and a chart
review was done to identify plausible mechanisms for transmission.
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Outcome: A total of 38% of patients who underwent procedures at the clinic on the same
day as the index case tested positive for HCV. Genetic sequencing showed a high degree of

similarity in the HCV genetic sequence among the samples positive for HCV. Chart review and
clinic inspection identified use of multi-dose vials of anesthesia medication across multiple

patients as the plausible mechanism for transmission.
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Conclusion: Healthcare workers, especially those in out-of-hospital procedural/surgical
premises, should be vigilant in following IPAC best practices, including those related to the use
of multi-dose vials, to prevent the transmission of bloodborne infections in healthcare settings.
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Introduction

About 246,000 Canadians were living with chronic hepatitis C
virus (HCV) infection in 2011 (1).

HCV is a bloodborne virus, and the most common modes of
infection are through using drug paraphernalia contaminated
with infected blood, receiving body services (e.g. tattooing) that
use unsanitary tools or work practices, or sharing personal care
items (2).

HCV outbreaks have been epidemiologically linked to
healthcare settings in Canada and elsewhere, particularly
out-of-hospital surgical/procedural settings such as endoscopy
clinics and hemodialysis clinics (3—16). Transmission in these
settings has been attributed to syringe reuse; contamination
of medication vials used on multiple patients; storage and
preparation of medication, intravenous solution and injections
in a contaminated environment; and other infection prevention
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and control (IPAC) lapses that resulted in the contamination
of injectable medications or flush solution used for multiple
patients (3—-16).

The purpose of this report is to:

e Describe the public health response to this outbreak of HCV
in a colonoscopy clinic

e Highlight the risk of using multi-dose vials

e Show the need for continued improvement in IPAC practices
in out-of-hospital settings

Background

As mandated through the Health Protection and Promotion
Act, HCV is a reportable disease and Ontario public health
departments must investigate all new diagnoses of HCV that
occur within their jurisdiction (17,18).

Region of Waterloo Public Health and Emergency Services
(hereafter referred to as Public Health), in southern Ontario,
coordinates the public health activities for its urban and rural
population of approximately 550,000. As part of its reportable
disease investigation, Public Health follows up with all HCV cases
to identify possible sources of infection and to take measures to
prevent further spread (18).

Methods

Detection of the outbreak

In October 2014, during a routine follow-up with an individual
who had been recently diagnosed with HCV and who had
previously tested negative for HCV through repeat blood
donation screening, Public Health identified that this individual’s
only risk factor was a procedure at a colonoscopy clinic on
December 24, 2013. All other HCV cases reported within the
jurisdiction since January 1, 2010 (the year the clinic opened)
were subsequently reviewed to determine if other cases had
identified colonoscopy as a risk factor.

The review identified a second individual who had been reported
to Public Health earlier in 2014 and who had also undergone

a procedure on the same day at the same clinic. Although this
person had been born in an endemic country, they had no other
obvious risk factors. Given that the two cases shared a common
risk factor and were linked by time and place, an outbreak was
suspected and further investigation was conducted. Blood
samples from the two identified HCV cases were obtained and
sent to the National Microbiology Laboratory of the Public
Health Agency of Canada in Winnipeg for genotyping and
sequencing.

Investigation
Public Health used the Centers for Disease Control and
Prevention (CDC) Viral hepatitis: Healthcare Investigation Guide
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and documentation from a previous health care-associated
investigation as guidance for a systematic approach to the
investigation and public health response to this outbreak (19,20).

Patient lists for December 23 and 24, 2013 were obtained from
the colonoscopy clinic and the provincial reportable diseases
database was searched to determine whether any other cases
of HCV reported in the province had undergone procedures

at the clinic since its inception on October 14, 2010. Patient
screening was not conducted for the two-day interval before
and after December 23 and 24, 2013 because the clinic was
closed on December 21 and 22 (a Saturday and a Sunday), and
December 25 and 26 (statutory holidays).

As per the Public Health Ontario Laboratory Protocol for HCV
testing, patients were first screened for HCV antibodies using
an anti-hepatitis C antibody assay; those with anti-hepatitis C
antibodies then had HCV antibody supplemental testing
performed for confirmation (21). Any patients with positive
results on the confirmatory testing then had new samples
submitted for molecular testing for HCV ribonucleic acid RNA
and genotyping.

Public Health conducted a search on the College of Physicians
and Surgeons of Ontario’s (CPSO) website to confirm that all
physicians working at the clinic on December 23 and 24, 2013
held valid professional licences and to determine if any previous
IPAC violations had been reported.

Public Health staff contacted all patients who underwent
procedures at the clinic on December 23 and 24, 2013 and
recommended HCV screening. Daytime and early evening
screening clinics were offered locally. For patients who resided
outside of the health department’s jurisdiction, Public Health
facilitated follow-up with physicians in their areas. Blood samples
were submitted to the National Microbiology Laboratory in
Winnipeg for HCV testing and positive samples underwent
genetic sequencing.

A case was defined as an individual with a laboratory-confirmed
HCV infection (both HCV antibody and RNA testing) that

had undergone any procedure performed at the clinic on
December 23 or 24 that could be associated with disease
transmission (colonoscopy, esophagogastroduodenoscopy/
gastroscopy, glucose monitoring and intravenous medication
administration).

Between November 17, 2014 and April 21, 2015, Public Health
conducted multiple inspections of the clinic to assess and
follow-up on IPAC practices. The inspection was guided by a
comprehensive assessment tool based on the Ontario Provincial
Infectious Diseases Advisory Committee's (PIDAC) Infection
Prevention and Control for Clinical Office Practice document (22).
Inspections were supplemented by lengthy interviews with staff
to understand their processes and IPAC practices. The final
inspection was conducted jointly with the CPSO, which has



regulatory oversight over community colonoscopy clinics (public
health departments in Ontario only investigate out-of-hospital
premises in response to suspected infection control lapses) (23).

The inspections involved observation of high-risk procedures
including the preparation and storage of medications; use of
multi-dose vials; endoscope reprocessing practices; cleaning
and disinfection of surfaces and equipment; use of materials and
equipment such as medical gels, intravenous saline flushes and
glucometers; as well as a review of the clinic's IPAC policies and
procedures. Several colonoscopy procedures were observed
directly to assess the IPAC practices, including anesthesia
administration.

An extensive review of all the charts of patients who visited the
clinic for procedures on December 23 and 24, 2013 was also
conducted to identify patterns that might indicate potential
routes of transmission. The chart review included review of

the time of the visit; procedure room used; endoscope serial
number; glucometer use; anesthetic (propofol) dose received,;
other medications received; and the attending surgeon,
anesthesiologist and nursing staff.

Results

In total, 40 individuals underwent procedures at the clinic

on December 23 and 24, 2013. Public Health was successful

in screening 39 out of the 40 patients and 11 out of 13 staff
(Table 1); one patient and two staff could not be contacted.
Of the 26 patients who attended and nine staff who worked at
the clinic on December 23, all screened negative for HCV. Of
the patients who attended the clinic on December 24, 5 out of
13 (38%) tested positive for HCV (Table 2).

Table 1: HCV screening results for staff and patients
who attended colonoscopy clinic on December 23 and
24, 2013

Clinic HCV HCV Not
d Total e . .
ate positive negative | screened

Patients
2013-12-23 27 0 26 1
2013-12-24 13 5 8 0
2013-12-23 8 0 6 2
only
2013-12-24 2 0 2 0
only
Both
2013-12-23 3 0 3 0
and
2013-12-24
Total 53 5 45 3

Abbreviation: HCV, hepatitis C virus
2 Not screened because patients/staff were unable to be contacted or were lost to follow-up
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Table 2: Description of HCV-positive patients

Characteristics Nl
cases
Male 4
Sex
Female 1
0-19 0
20-49 1
Age group,
years 50-69 3
70+ 1
Born in endemic country 1
. . | Previous medical/surgical procedure
Risk factors (>20 years prior) 2
Procedure at colonoscopy clinic on 5
Dec. 24, 2020

Abbreviation: HCV, hepatitis C virus
2 An individual could have more than one risk factor reported

None of the staff who worked on December 24 tested positive.
The review of all known HCV cases in Ontario since the clinic’s
inception in October 2010 did not identify any additional cases
of HCV linked to this clinic. The search on the CPSO website
indicated that all physicians working at the clinic at the time of
the outbreak held valid licences.

Phylogenetic analysis conducted by the National Microbiology
Laboratory based on partial sequences from the HCV core (C),
envelope (E1) and non-structural (NS5B) genes clearly indicated
that the HCV strains from the five outbreak patients were
genetically closely related (Figure 1), consistent with a cluster
of transmission. All five cases clustered in a monophyletic group
based on the E1 gene sequences. A more detailed analysis
based on next-generation sequencing (NGS) revealed that the
HCV quasispecies population of all five patients clearly clustered
together on a single branch with a 99% probability (Figure 2).
The average genetic distance within the five cases involved in
the outbreak quasispecies was 0.036 while the genetic distance
between this group and similar outbreaks as well as unrelated
Ontario cases and GenBank HCV strains was significantly

higher (p<0.001).

The inspections of the clinic and interviews with staff identified
no concerns or deficiencies with respect to the use, cleaning

or reprocessing of endoscopes. Glucose monitoring was not
performed on all five HCV patients, ruling out the use of a shared
glucometer as a potential source of infection. Of the 13 patients
who received an intravenous saline flush, only five were HCV
positive, which decreased the likelihood that the bag of
intravenous saline used for the entire day was a potential source
of infection.
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Figure 1: Phylogenetic analysis of Sanger
population-based sequencing of HCV E1/NS5B
subgenomic regions from five patients in an outbreak
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Abbreviation: HCV, hepatitis C virus

2 Neighbour-joining tree was created by using Kimura’s two-parameter model in MEGA software
version 6. Outbreak sequences from this outbreak (W) and two other similar outbreaks in
endoscopy clinics from Toronto (T1 and T2) are in red, green and blue boxes, respectively.
Epidemiologically unrelated HCV sequences from the province of Ontario collected in the

same year (2013) as well as some randomly selected sequences from GenBank are in black. The
dendrogram in Fig. 1A is based on E1 region and that in Fig. 1B is based on the NS5B region.
Note that phylogenetic analysis based on NS5B region did not have the same strong bootstrap
support as that observed for E1 region. In comparison the bootstrap measures for the two
other similar outbreaks T1 and T2 remained robust for both the E1 and NS5b although dropped
somewhat from 98 to 84 for T1

The chart review of patients attending the clinic on December 24
showed that only one procedure room was used. All patients
who attended the clinic that day had the same surgeon,
anesthesiologist and nurses during their procedures. The first

11 patients had the same pre-procedure nurse, while the last two
patients had a different pre-procedure nurse. The procedures

for the five patients who tested positive for HCV used different
endoscopes.

All HCV patients were administered the anesthetic drug,
propofol, using multi-dose medication vials across multiple
patients, and this was the only plausible mechanism of HCV
transmission identified. Based on the amount of propofol
administered to each patient according to their medical
charts, a patient medication map was developed to present
the hypothesized distribution of contaminated 100 mL vials of
propofol alongside the distribution of HCV cases at the clinic
on December 24, 2013 (Table 3). Since all patients who had a
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Figure 2: Phylogenetic analysis of HCV HVR-1
quasispecies in samples of five patients involved in a
transmission event in this outbreak (outbreak W):

Abbreviation: HCV, hepatitis C virus

2 Sequences of HCV genotype 1b quasispecies population derived from three different outbreaks
(T1, T2 and W), sequences of unrelated HCV strains from Ontario and GenBank (green triangles)
and randomly selected HCV strains from GenBank (purple squares) are shown on the left side of
the figure. Bootstrap values are shown at the bottom of the nodes. Sequences of the five cases
from outbreak W are colour-coded and magnified on the right corner of the figure. Each colour
dot (node) represents a single HCV variant. Quasispecies of patient #6 (transmission source)
green; patient #7 red; patient #8 pink; patient #10 blue; patient #13 yellow.

Note that consensus sequences from the unrelated HCV strains from Ontario and GenBank,

as well as the quasispecies from two other HCV outbreaks T1 and T2 occupy entirely different
sequence space

procedure performed also had propofol administered during
their procedure, a pattern was identified in the occurrence of
HCV positivity and the use of propofol.

As shown in Table 3, it is hypothesized that all 100 mL of the first
vial of propofol (Vial #1) was used up on the first five patients,
none of whom tested positive for HCV. Then, propofol Vial

#2 was contaminated with the blood of patient #6 who had a
pre-existing undiagnosed HCV infection. This same vial was then
used for patients #7, #8 and #10. Finally, the remaining 15 mL
of propofol in Vial #2 was mixed with 5 mL of propofol from a
third vial to make 20 mL of propofol for patient #11, thereby
contaminating Vial #3 but diluting the amount of contamination.
This dilution could explain why only one of the three patients
who received propofol from Vial #3 tested positive for HCV.

Given that the actual propofol vial used for each patient was
not identified in the patient charts, this interpretation was
hypothesized based on the type of vials used by the clinics, the
doses administered to the patients as recorded in their charts
and finding out from the inspections and interviews that multi-
dose vials were being used across multiple patients.
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Table 3: Colonoscopy patient medication map for December 24, 2013

HCV lab
result

Medication
administered

Procedure
type

Procedure
start time

Patient

number

1 08:54 Colonoscopy | Negative | Propofol

Hypothesized
use of
propofol vials
(100 mL per
vial)

Total volume
administered
(mL)>

Total dose
administered
(mg)?

Hypothesized
vial #

250 25

2 09:16 Colonoscopy | Negative | Propofol

All 100 mL of
the first vial of

150 15

3 09:54 Endoscopy Negative | Propofol

propofol (Vial

200 20 #1) was used

Vial #1

4 10:08 Colonoscopy | Negative | Propofol

on the first five

200 20 patients.

5 10:42 Colonoscopy | Negative | Propofol

200 20

Endoscopy/

6 11:10
colonoscopy

Positive Propofol

250 25 The second

7 11:54 Colonoscopy | Positive Propofol

vial of propofol
(Vial #2) was
contaminated

200 20

8 12:25 Colonoscopy | Positive Propofol

with the blood

Vial #2 of Patient #6

200 20

9 N/A IV start only Negative | None

with HCV and

None None was then used

10 13:40 Colonoscopy | Positive Propofol

on Patients #7,

I 14:10 Colonoscopy | Negative | Propofol

The last 15 mL

200 20 of Vial #2 was

Endoscopy/

12 14:35
colonoscopy

Negative | Propofol

mixed with 5 mL

250 25 of propofol from

13 15:11 Colonoscopy | Positive Propofol

a third vial (Vial
#3) to make 20
mL of propofol
for Patient
#11, thereby
contaminating
Vial #3, but
diluting the
amount of
contamination.
This dilution
could explain
why only one
of the three
patients who
received
propofol from
Vial #3 tested
positive for HCV.

Vial #3

200 20

Abbreviations: HCV, hepatitis C virus; IV, intravenous; N/A, not applicable
? Dose obtained from patient charts

b Volume administered was deduced from the dose administered and the concentration of the 100 mL vials of propofol used at the clinic

Disscussion

The findings from the outbreak investigation support the
hypothesis of HCV transmission from a previously undiagnosed
HCV patient to four uninfected persons. Laboratory results
demonstrated that all five cases of HCV had genetically related
viruses, indicating a high likelihood of transmission from a
common source. The investigation identified an association
between the administration of propofol from multi-dose vials and
the patients who tested positive for HCV.

Contamination of multi-dose vials has been associated with
other instances of transmission of bloodborne infections in
colonoscopy clinics, among other places (4,8,12,24,25). There is
a risk of bloodborne pathogen transmission when devices (e.g.
blood glucose monitors) and medications (e.g. multi-dose vials,
saline bags) are shared among patients, even in the absence of
visible blood on objects (6,25-28).

Out-of-hospital settings may be more vulnerable to infection
control lapses than hospitals because specific IPAC resources and
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oversight have been less robust in this practice setting (29,30).
Out-of-hospital settings typically do not have on-site infection
control specialists, guidance on policies and procedures tailored
to their practice setting, requirements to audit staff practices, nor
in many jurisdictions, a clear procedure to report and investigate
infection control lapses (29).

In addition, non-hospital settings may have physically smaller
procedure rooms; this may provide more opportunities for body
fluids from patients to contaminate nearby surfaces, supplies and
equipment (23,31). In 2014, Canadian hospital operating rooms
were a minimum of 400 square feet; in comparison, non-hospital
procedure rooms do not have a set minimum size and only
require that the space allow for the physician and assisting staff
to move around the procedure table with access to the patient
without contamination (23,31).

At the time of the outbreak, out-of-hospital premises

were inspected only once every five years, which resulted

in out-of-date practices, declined adherence to standards of
practice over time and/or failure to recognize critical errors in
practice for long periods (23,32,33).

It is not routine practice to screen clients for bloodborne
pathogens prior to invasive medical procedures, and IPAC
procedures have been put in place to prevent transmission of
bloodborne pathogens. However, researchers estimate that
44% of Canadians with HCV infection remain undiagnosed

due to the asymptomatic nature and slow progression of
infection (34). Further, for a sub-group of people born between
1945 and 1975 (“"baby boomers”), up to 70% of people who
have the virus are unaware of their infection status (34). In its
updated guidelines, the Canadian Association for the Study

of the Liver has emphasized that healthcare providers should
offer HCV testing to people at risk for infection, including baby
boomers (35). These updated guidelines for screening could
help raise awareness of HCV-positive status prior to medical
procedures and contribute to the prevention of bloodborne
pathogens in all settings.

Outbreak response challenges

The approaches of Public Health and the regulatory bodies
were not necessarily consistent and had to be aligned. Further,
knowledge of infection control and prevention best practices
varied among healthcare practitioner groups. The IPAC
investigation also needed to be conducted while allowing the
clinic to continue operating and providing procedures for clients
during the investigation.

Finally, at the time of the outbreak, although cases were
identified through patient screening, not all cases were eligible
for treatment. Fortunately, changes have since been made to the
Ontario Drug Benefit to cover the cost of medication for all HCV
patients.
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Conclusion

This outbreak investigation resulted in increased local and
provincial awareness of medication injection safety (23). On
April 30, 2015, Public Health Ontario published updated
guidance on the use of multi-dose vials. The CPSO adopted the
Public Health Ontario best practices guidance as the standard
for IPAC in out-of-hospital premises (22). The updated guidelines
refer to the overwhelming preference for single-use medication
vials and state that multi-dose vials should be restricted to single
patients. The guidelines also state that patient safety should be
prioritized over cost when choosing between multi-dose and
single-use mediation vials.

Since this outbreak in 2013, other outbreaks related to

IPAC lapses in out-of-hospital premises have occurred in

Canada (15,16). Public health investigations of IPAC complaints
are also on the rise in Ontario, including in settings where
regulated health professionals work (36). Given continued
pressures on delivery of health care in Canada and around

the world, the number of procedures that occur in out-of-
hospital premises could increase, leading to an increased risk of
outbreaks if IPAC practices are suboptimal. Careful consideration
of IPAC resources, supports and regulations is needed as such an
expansion of out-of-hospital premises occurs.
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