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Background: Limited data are available on HBV, HCV, andHIV co-infections and triple infection.We characterized
co-occurrence of HIV, HBV, and HCV infections at the population level in British Columbia (BC) to identify pat-
terns of predisposing factors unique to co-infection subgroups.
Methods:Weanalyzed data from the BC Hepatitis Testers Cohort, which includes all individuals tested for HCV or
HIV in BC between 1992 and 2013, or included in provincial public health registries of HIV, HCV, HBV, and active
tuberculosis. Individualswere classified as negative,mono-, and co-infection groups based onHIV, HBV, and HCV
status. We evaluated associations between risk factors (injection drug use, sexual orientation etc.) and co-
infection groups using multivariate multinomial logistic regression.
Findings: Of a total of 1,376,989 individuals included in the analysis, 1,276,290 were negative and 100,699 were
positive for HIV, HBV, and/or HCV. Most cases (91,399, 90.8%) weremono-infected, while 3991 (4.0%) had HBV/
HCV, 670 HBV/HIV (0.7%), 3459 HCV/HIV (3.4%), and 1180 HBV/HCV/HIV (1.2%) co-infection. Risk factor and de-
mographic distribution varied across co-infection categories. MSM classificationwas associatedwith higher odds
of all HIV co-infection groups, particularly HBV/HIV (OR 6.8; 95% CI: 5.6, 8.27), while injection drug use wasmost
strongly associated with triple infection (OR 64.19; 95% CI: 55.11, 74.77) and HIV/HCV (OR 23.23; 95% CI: 21.32,
25.31).
Interpretation: Syndemics of substance use, sexual practices, mental illness, socioeconomic marginalization, and
co-infections differ among population groups, highlighting avenues for optimal composition and context for
health services to meet each population's unique needs.
Funding: BC Centre for Disease Control and Canadian Institutes of Health Research.
Control, Unive
, Canada.
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1. Introduction

Despite advances in treatment and prevention, human immunodefi-
ciency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus (HCV)
continue to constitute a considerable burden on health. Although
more prevalent in Africa, Asia, and the Middle East, these pathogens af-
fect a sizeable portion of the North American population [1,2]. Recent
estimates suggest that 136,000–246,000 Canadians are infected with
HCV, while over 75,500 live with HIV and 285,000 with HBV; however,
rsity of British

e under the CC BY-NC
the proportion with multiple concurrent HIV, HCV, and HBV infections
is not known [1–3].

Each of these infections is associated with substantial morbidity and
mortality. According to Global Burden of Disease estimates, HIV and
hepatitis were directly associated with over 1.6 million deaths and 59
million years of life lost in 2016 [4]. Therapeutic improvements have
dramatically extended the life expectancy and reduced morbidity and
mortality for individuals infected with HIV; however, HCV related mor-
bidity and mortality have been increasing [5]. The advent of highly ef-
fective direct acting antiviral (DAA) agents is expected to halt this
rising tide of HCV related morbidity and mortality. In combination,
these infections (HIV, HCV, HBV) increase the risk of morbidity and
mortality when compared tomono-infection [6,7]. Improved therapeu-
tic interventions for HCV and HIV could reduce the impact of co-
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

Human immunodeficiency virus (HIV), hepatitis B virus (HBV),
and hepatitis C virus (HCV) infections are major public health
concerns globally. Various population groups, including people
who inject drugs (PWID), immigrants from infection endemic
countries, indigenous populations, men who have sex with men
(MSM), and high-risk heterosexual people, have high burden of
these infections; however, the level of co-occurrence may differ
across and within population groups, depending on risk activities
and vulnerabilities.While it is known that individualswithmultiple
or repeat infections tend to engage in higher risk activities that
increase transmission risk, data on co-occurrence of these infections
at a broader population level is limited.

We searched PubMed for articles published up to November 30,
2017, describing HIV, HCV, and HBV infections, focusing on
characteristics, co-morbidities, and risk factors associated with co-
infection. There have been several studies describing syndemics of
HIV, HCV, and HBV for specific population groups, such as people
who inject drugs, as well as several studies of HBV and HCV co-
infection among HIV positive individuals; however, we did not
identify any study that included individuals diagnosed with all
three pathogens, in addition to those testing negative and their pre-
disposing conditions, among a general population sample at a pro-
vincial, state, or country level.

Added value of this study

This is one of the largest population-based cohort studies in the
world and first to incorporate all diagnosed cases of HIV, HCV, HBV,
and individuals testing negative for HCV and/or HIV within the
province to characterize co-occurrence of bloodborne infections,
mental illness, substance use, sexual orientation, and socioeco-
nomic marginalization. We found that distribution of risk factors
differs by infection group. Substance usewas associatedwithhigher
odds of all infection groups except HBV, with strongest association
with HIV/HCV, HBV/HCV coinfection and triple infection. MSM also
had higher odds of HIV and HBV/HIV. HBV mono-infection was
mainly associated with urban residence and higher material
deprivation. Stratification by substance use revealed further hetero-
geneity in risk factor distribution.

Implications of all the available evidence

Our results provide key data on understanding distribution of
various infections and co-occurring risk and vulnerabilities.
Difference in distribution of various infection groups by PWID,
MSM and HBV being in low risk population (potentially
immigrants) highlights the need for tailoring integration of
prevention, care and treatment services by population groups.
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occurring infections; however, they do not address the underlying fac-
tors that lead to acquisition and re-acquisition of these infections.

HIV, HCV, and HBV share transmission routes, leading to increased
risk of co-occurrence among populations with similar predisposing vul-
nerabilities and risk behaviors. Previous studies of HIV/HCV co-
infections suggested the distribution of these factors may vary across
coinfection groups [8]. Individuals with coinfections have higher levels
of co-occurrence of socioeconomic vulnerabilities and psycho-social
conditions, such as mental illness, drug use, alcohol use, and
homelessness [8]. This suggests the presence ofmultiple underlying fac-
tors increases the risk of acquiringmultiple infections sharing the same
transmission routes and population clustering, such as the blood-borne
transmission of HIV, HBV, and HCV through injection drug use. The con-
cept of co-occurring and interacting social conditions and vulnerabilities
leading to clustering of infections and related increased morbidity and
mortality is also referred as a syndemic [9,10]. Syndemic theory pro-
vides an important framework to investigate co-occurrence of disease
and social conditions,whichmay inform the design of public health pro-
grams to address challenges at the individual and population levels [11].

Although HCV/HIV coinfection has been widely studied, there is very
little data regarding the co-occurrence of triple infection at the population
level. Large scale, population-based studies that investigate co-occurrence
of infections, as well as underlying risk and social conditions, are limited
[7,12]. Previous studies focused on co-infection with HCV, HBV, and HIV
among sub-populations, including those engaged in HIV care and people
who use injection drugs; however these did not compare to non-infected
individuals in the general population [6,7,12–16]. Comparison with a
control group negative for all infections is important to understand the
risk and vulnerability context of co-infections and triple infection. This
may provide important insights into design of programs addressing
infections and concurrent risk and social conditions, as recently reported
for people with severe mental illness from Sweden [16].

This analysis aims to use data from the British Columbia Hepatitis
Testers Cohort (BC-HTC) to describe the syndemic of HIV, HBV, and
HCV infections at the population level in British Columbia (BC) and
identify patterns of predisposing factors unique to co-infection sub-
groups. We also evaluated interactions across underlying factors that
contribute to the risks of acquiring multiple infections, as identified as
a major gap in recent series on syndemics [11].

2. Methods

2.1. The Study Cohort

This analysis is based on the BC-HTC, which has been described in
detail in a previous publication [17]. The BC-HTC includes all individuals
tested for HCV or HIV at the BC Centre for Disease Control Public Health
Laboratory (BCCDC-PHL) between 1992 and 2013, as well as cases of
HIV (1980–2013), HCV (1990–2013), HBV (1990–2013), and active
tuberculosis (1990–2013) included in public health registries of report-
able diseases in BC. These data are integrated through a unique personal
health number assigned to each resident of BCwith data onmedical visits,
hospitalizations, prescription drugs, cancers, and deaths (Supplemental
Table 1). More than 95% of HCV and HIV serology as well as all confirma-
tory testing in BC are performed at the BCCDC-PHL. The BC-HTC also
includes detailed risk-factor data on reported disease cases followed for
surveillance purposes, as well as all prescriptions dispensed in BC, includ-
ing HCV treatments, through a central system called PharmaNet.

2.2. Eligibility Criteria

This analysis included all individuals who were tested for HCV or HIV
between 1992 and 2013, or reported as a case of HIV (1980–2013), HCV
(1990–2013), or HBV (1990–2013). Testing data were excluded if it pre-
ceded a participant's date of birth or occurred more than 7 days after
death.

2.3. Co-infection

Individuals were categorized based on their constellation of co-
infections (HIV, HCV, and HBV), including single, double, and triple in-
fection combinations (Fig. 1). The negative group included individuals
with record of a negative HCV or HIV test, and no records of HIV, HCV,
or HBV infection (Supplemental Table 2). Given that testing data was
unavailable for HBV, individuals who were not reported as a case of



Fig. 1. Flowchart illustrating participant selection and stratification for analysis.
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HBV were classified as negative; however, Binka et al. reported over 1
million individuals within the BC-HTC received either a test for HBsAg
or anti HBV core total and were not diagnosed with HBV [18].
2.4. Gender/Sexual Orientation

The gender/sexual orientation variable stratified males into sub-
groups as men who have sex with men (MSM) and non-MSM. Data
on sexual orientation was not available for all testers. We created and
validated an indicator predicting MSM status using a subset of HIV
data (N = 5382) on which male sexual orientation was known [19]. A
penalized generalized linear model was developed to predict whether
men may engage in sexual activity with other men (sensitivity: 42%;
specificity: 91%) using the following variables: visits to clinics providing
services to gay and bisexualmen, residence in an areawith a higher per-
centage of men identifying as MSM, HIV and STI testing patterns, previ-
ous STI diagnoses, and substance use. Given male-specific stratification,
this variable combines gender and predicted sexual orientation as a
composite, with three levels: MSM, non-MSM males, and females/
unknown.
2.5. Socio-demographics

Age group and diagnostic cohort variables were defined either by
the date of diagnosis for the most recent infection, or, if negative, the
date of last HIV, HBV, or HCV diagnostic test. The Québec Index of Mate-
rial and Social Deprivationwasused to ascertain neighborhood-level so-
cioeconomic status using Canadian Census data for the dissemination
area of residence [20]. Thematerial component of the indexwas derived
from population measures of education, employment, and income,
while the social component was derived from measures of marital sta-
tus and family structure. Urban/rural classification was based on Statis-
tics Canada's definition, where an ‘urban area’ is defined as having a
population of at least 1000 and a density of 400 or more people per
square kilometer [21]. All territory outside an urban area was defined
as rural area.
2.6. Substance Use and Mental Illness

Assessment of injection drug use (IDU), major mental illness, and
problematic alcohol use was based on respective diagnostic and fee
item codes for medical visits and hospitalizations in respective data-
bases (Supplemental Table 2). The IDU algorithm was validated in the
subset of the BC-HTC against interview-based risk factor data [22].
2.7. Statistical Analysis

We described the distribution of demographics and potential
risk-factors by co-infection groups. We evaluated the associations
between potential exposures, covariates, and co-infection groups
using multivariable multinomial logistic regression. Explanatory
variables were selected based on hypothesized causal pathways in-
formed by the existing literature, including a recent analysis of the
BC-HTC characterizing HIV and HCV syndemics [8]. These included
age at diagnosis, gender and sexual orientation, urbanicity, major
mental illness, problematic alcohol use, and IDU, as well as social
and material deprivation. Year of diagnosis (most recent infection
or last test) was also included to adjust for differences in testing pat-
terns throughout the study period.

Given the well-described heterogeneity of risk behaviors among
MSM populations, particularly related to drug use, and to understand
nature of the syndemic, we investigated their synergistic and modi-
fying effects on the occurrence of various infections using stratified
analysis, where the cohort was stratified by IDU, with each subgroup
analyzed using multivariate multinomial logistic regression to
characterize effect differences. A separate multivariable multinomial
logistic regression analysis also included an interaction term be-
tween IDU and gender/sexual orientation to further explore poten-
tial heterogeneity of effect.

Data cleaning, descriptive analysis, and visualization were per-
formed using R statistical software (version 3.3.2), while SAS (version
9.4) was used for multivariate multinomial logistic regression.

Ethics approval was obtained through the Behavioral Research
Ethics Board at the University of British Columbia (H15-01776).



Fig. 2.Venndiagram illustrating the number of individualswithin each co-infection group.
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3. Results

A total of 1,376,989 individuals were included in the cohort,
1,276,290 of which were classified as negative for HIV, HBV, and/or
HCV. The majority of infected individuals had a single infection, the
most common of which was HCV mono-infection (N = 59,096;
Fig. 2). Considerably fewer individuals had dual infections, the most
prevalent of which included HBV/HCV (n = 3991) and HIV/HCV (n =
3459). Only 1180 individuals had triple infection. Those with HIV
more frequently (51.2%) had dual or triple infections than those with
HBV (18.0%) or HCV (12.7%) infections (Supplemental Table 3).
3.1. Characteristics of Co-infection Groups

The demographic and risk factor distribution varied between co-
infection and mono-infection categories (Table 1). Age at most re-
cent diagnosis or test was similar across co-infection groups, with
the majority of individuals in the 25–44 year groups; however, the
distribution was broader among uninfected individuals (Supple-
mental Fig. 1). The proportion of MSM was the highest among
those with HIV mono- (28.7%) and HBV/HIV co-infection (25.8%)
while lowest in people with HCV mono- (1%) and HBV/HCV co-
infection (0.8%).

Amajority of individuals among all groups lived in urban areas, with
the lowest proportion of urban dwellers among those with HCV mono-
infection (83.6%). Individuals with HCV co-infections resided in the
most materially deprived areas, including those with triple infection
(39.1%), as well as HCV/HIV (36.1%) and HBV/HCV (30.8%) infections.
In contrast, individuals with HIV mono- and co-infections resided in
the most socially deprived areas, including those with triple infections
(49.1%), dual HCV/HIV (50.1%) and HBV/HIV (53.1%) infections, and
HIV mono-infection (47.5%).

Individuals with triple infections had the highest proportion of IDU
(71.6%), problematic alcohol use (43.3%), and major mental illness
(43.1%), followed by those with HIV/HCV (46.4%, 30.1%, 26.4%) and
HBV/HCV (35.4%, 26.7%, 26.4%), respectively. Individuals with HBV
mono-infection had the lowest proportion of IDU (1.4%), problematic
alcohol use (1.6%), andmajormental illness (4.7%), followedby the neg-
ative group (3.3%, 4.2%, 12.4%) (Table 1).
3.2. Factors Associated With Co-infection Groups

Classification as MSMwas associated with higher odds of all HIV in-
fection groups (Table 2), although the effect was greatest for HBV/HIV
(OR 6.8; 95% CI: 5.6, 8.27), followed by triple infection (OR 5.21; 95%
CI: 3.89, 6.97), and HIV mono-infection (OR 5.08; 95% CI: 4.75, 5.43).
MSM were less likely to have HBV/HCV co-infection (OR 0.4; 95% CI:
0.28, 0.58) and HCV mono-infection (OR 0.28; 95% CI: 0.26, 0.31).
Being female or unknown was associated with reduced odds of positiv-
ity for all mono- or co-infections.

IDUwas associated with increased odds of all infections, except HBV
mono-infection (OR: 0.75; 95% CI: 0.68, 0.84). The association was the
greatest for triple infection (OR 64.19; 95% CI: 55.11, 74.77), followed
by HIV/HCV (OR 23.23; 95% CI: 21.32, 25.31) and HBV/HCV (OR 16.11;
95% CI: 14.82, 17.52). Problematic alcohol use demonstrated a similar
pattern of association, with positive, albeit smaller, associations for all
co-infection groups, except HBV mono-infection (OR 0.5; 95% CI: 0.45,
0.55). Smaller associations were observed for major mental illness
with greater directional variability. The greatest association with
major mental illness was observed for HBV/HIV co-infection (OR 2.15;
95% CI: 1.78, 2.6), while people with major mental illness were less
likely to be positive for HBV mono-infection (OR 0.45; 95% CI: 0.42,
0.48).

Urbanicity was associated with higher odds of most mono- and co-
infections, particularly HBV mono-infection (OR 7.02; 95% CI: 6.42,
7.69). Residing in areas with high social deprivation (5th quintile) was
also associated with higher odds of most co-infections; however,
lower odds of HBV mono-infection (OR 0.54; 95% CI: 0.52, 0.56). Those
with missing social deprivation data due to lack of address or census
suppression had considerably higher odds of all infections, particularly
triple infection (OR 10.19; 95% CI: 6.31, 16.45) and HCV/HIV (10.14;
95% CI: 7.7, 13.36). A paradoxical pattern of association was observed
for material deprivation. High material deprivation (5th quintile) was
associated with higher odds of HBV mono-infection (OR 1.64; 95% CI:
1.58, 1.71), HCV mono-infection (OR: 2.05; 95% CI: 1.99, 2.12), HBV/
HCV co-infection (OR: 2.24; 95% CI: 2.01, 2.5), HCV/HIV co-infection
(OR: 2.12; 95% CI: 1.91, 2.37), and triple infection (OR: 2.22; 95% CI:
1.84, 2.69), while odds of HIV mono-infection (OR 0.78; 95% CI: 0.72,
0.85) and HBV/HIV co-infection (OR 0.73; 95% CI: 0.59, 0.91) were
lower among those with higher material deprivation (Fig. 3).

3.3. Effect Modification Through Injection Drug Use

We stratified the regression models by IDU status to understand if
the effect of various factors differs by IDU (Table 3). Overall, the associ-
ation of various factors with infection groups differed between individ-
uals with and without a history of IDU. Notable among these included
the association between being MSM and IDU with higher odds of vari-
ous infections, and among non-IDU having major mental illnesses,
problematic alcohol consumption, and residence in areaswith highma-
terial deprivation being associated with higher odds of various coinfec-
tion and triple infection groups. MSMwho used intravenous drugs had
2–4 times higher odds of HBV, HIV, HBV/HIV, HCV/HIV and HBV/HCV/
HIV compared to non-MSM (Table 3).

Odds ratios of HBV/HIV and HBV/HIV/HCV co-infections were
slightly higher among those with major mental illness who used intra-
venous drugs compared to non-IDU (Table 3). Residing in areas with
high material deprivation (5th quintile) was significantly associated
with higher odds ratios of HBV, HCV, HBV/HCV, and HIV/HCV among
non-IDU compared to IDU. The odds were also higher for triple infec-
tion, but not significant. Similarly, odds of infections among those
with problematic alcohol use were also higher among non-IDU com-
pared to IDU.

Similar heterogeneity was observedwith the inclusion of an interac-
tion term between gender and sexual orientation and IDU (Supplemen-
tal Table 4). Although results could not be estimated for the MSM/IDU



Table 1
Descriptive analysis of demographics, risk factors, and co-morbidities stratified by HBV, HCV, and HIV co-infection groups, the BC-HTC, 1990–2013.

Variable Negative
(n (%))

HBV
(n (%))

HBV HCV
(n (%))

HBV HIV
(n (%))

HBV HIV HCV
(n (%))

HCV
(n (%))

HIV
(n (%))

HIV HCV
(n (%))

Gender/sexual orientation
MSM 65,523 (5.13) 1241 (4.67) 31 (0.78) 173 (25.82) 58 (4.92) 645 (1.09) 1643 (28.74) 254 (7.34)
Non-MSM
males

457,987 (35.88) 12,612 (47.44) 2638 (66.1) 435 (64.93) 743 (62.97) 37,562 (63.56) 3179 (55.62) 2231 (64.5)

Females 752,614 (58.97) 12,732 (47.89) 1322 (33.12) 62 (9.25) 379 (32.12) 20,884 (35.34) 894 (15.64) 973 (28.13)
Unknown 166 (0.01) 2 (0.01) 0 (0) 0 (0) 0 (0) 5 (0.01) 0 (0) 1 (0.03)

Age at most recent diagnosis or test
b25 356,722 (27.95) 6755 (25.41) 429 (10.75) 77 (11.49) 136 (11.53) 8368 (14.16) 1200 (20.99) 602 (17.4)
25–34 342,780 (26.86) 7352 (27.65) 1061 (26.58) 173 (25.82) 416 (35.25) 15,423 (26.1) 2000 (34.99) 1216 (35.15)
35–44 216,450 (16.96) 6193 (23.29) 1228 (30.77) 238 (35.52) 442 (37.46) 19,005 (32.16) 1497 (26.19) 1165 (33.68)
45–54 159,281 (12.48) 3352 (12.61) 891 (22.33) 133 (19.85) 164 (13.9) 10,724 (18.15) 677 (11.84) 399 (11.54)
N54 201,057 (15.75) 2935 (11.04) 382 (9.57) 49 (7.31) 22 (1.86) 5576 (9.44) 342 (5.98) 77 (2.23)
Median (IQR) 37.6

(28.76–51.89)
38.68
(29.66–49.1)

44
(35.63–52.53)

43.27
(35.27–50.48)

41.01
(34.48–47.28)

42.87
(34.65–50.91)

38.1
(31.08–46.79)

39.36
(32.62–45.74)

Urbanicity
Unknown 28,672 (2.25) 518 (1.95) 93 (2.33) 25 (3.73) 19 (1.61) 2601 (4.4) 147 (2.57) 68 (1.97)
Yes 1,116,216

(87.46)
25,581 (96.22) 3504 (87.8) 618 (92.24) 1103 (93.47) 49,399 (83.59) 5262 (92.06) 3173 (91.73)

No 131,402 (10.3) 488 (1.84) 394 (9.87) 27 (4.03) 58 (4.92) 7096 (12.01) 307 (5.37) 218 (6.3)

Injection drug use
Yes 41,940 (3.29) 371 (1.4) 1413 (35.4) 81 (12.09) 845 (71.61) 10,566 (17.88) 255 (4.46) 1604 (46.37)
No 1,234,350

(96.71)
26,216 (98.6) 2578 (64.6) 589 (87.91) 335 (28.39) 48,530 (82.12) 5461 (95.54) 1855 (53.63)

Problematic alcohol use
Yes 53,310 (4.18) 428 (1.61) 1064 (26.66) 74 (11.04) 511 (43.31) 9225 (15.61) 319 (5.58) 1042 (30.12)
No 1,222,980

(95.82)
26,159 (98.39) 2927 (73.34) 596 (88.96) 669 (56.69) 49,871 (84.39) 5397 (94.42) 2417 (69.88)

Major mental illness
Yes 158,725 (12.44) 1258 (4.73) 957 (23.98) 177 (26.42) 509 (43.14) 9364 (15.85) 765 (13.38) 913 (26.39)
No 1,117,565

(87.56)
25,329 (95.27) 3034 (76.02) 493 (73.58) 671 (56.86) 49,732 (84.15) 4951 (86.62) 2546 (73.61)

Social deprivation
Unknown 20,444 (1.6) 586 (2.2) 113 (2.83) 28 (4.18) 36 (3.05) 2461 (4.16) 174 (3.04) 114 (3.3)
Q1 228,681 (17.92) 6565 (24.69) 397 (9.95) 52 (7.76) 60 (5.08) 6306 (10.67) 486 (8.5) 199 (5.75)
Q2 224,238 (17.57) 5691 (21.41) 484 (12.13) 63 (9.4) 103 (8.73) 7485 (12.67) 593 (10.37) 302 (8.73)
Q3 230,322 (18.05) 4422 (16.63) 640 (16.04) 63 (9.4) 166 (14.07) 9775 (16.54) 654 (11.44) 418 (12.08)
Q4 264,545 (20.73) 4582 (17.23) 819 (20.52) 108 (16.12) 236 (20) 12,216 (20.67) 1097 (19.19) 694 (20.06)
Q5 308,060 (24.14) 4741 (17.83) 1538 (38.54) 356 (53.13) 579 (49.07) 20,853 (35.29) 2712 (47.45) 1732 (50.07)

Material deprivation
Unknown 20,444 (1.6) 586 (2.2) 113 (2.83) 28 (4.18) 36 (3.05) 2461 (4.16) 174 (3.04) 114 (3.3)
Q1 278,306 (21.81) 4342 (16.33) 464 (11.63) 228 (34.03) 156 (13.22) 7536 (12.75) 1873 (32.77) 503 (14.54)
Q2 244,044 (19.12) 4302 (16.18) 618 (15.48) 101 (15.07) 166 (14.07) 9121 (15.43) 974 (17.04) 458 (13.24)
Q3 249,522 (19.55) 5032 (18.93) 648 (16.24) 91 (13.58) 143 (12.12) 10,486 (17.74) 758 (13.26) 463 (13.39)
Q4 254,427 (19.93) 5935 (22.32) 917 (22.98) 85 (12.69) 218 (18.47) 13,051 (22.08) 853 (14.92) 673 (19.46)
Q5 229,547 (17.99) 6390 (24.03) 1231 (30.84) 137 (20.45) 461 (39.07) 16,441 (27.82) 1084 (18.96) 1248 (36.08)

Active Tb
Yes 3637 (0.28) 177 (0.67) 39 (0.98) 12 (1.79) 73 (6.19) 247 (0.42) 126 (2.20) 137 (3.96)
No 1,272,653

(99.72)
26,410 (99.33) 3952 (99.02) 658 (98.21) 1107 (93.81) 58,849 (99.58) 5590 (97.80) 3322 (96.04)

Hepatitis B
None 1,276,290 (100) 0 (0) 0 (0) 0 (0) 0 (0) 59,096 (100) 5716 (100) 3459 (100)
Acute 0 (0) 1052 (3.96) 597 (14.96) 69 (10.3) 112 (9.49) 0 (0) 0 (0) 0 (0)
Chronic 0 (0) 25,535 (96.04) 3394 (85.04) 601 (89.7) 1068 (90.51) 0 (0) 0 (0) 0 (0)

Hepatitis C
None 1,276,290 (100) 26,587 (100) 0 (0) 670 (100) 0 (0) 0 (0) 5716 (100) 0 (0)
Seroconverter 0 (0) 0 (0) 429 (10.75) 0 (0) 171 (14.49) 6584 (11.14) 0 (0) 694 (20.1)
Prevalent 0 (0) 0 (0) 3562 (89.25) 0 (0) 1009 (85.51) 52,512 (88.86) 0 (0) 2765 (79.9)
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group, non-IDU individuals generally had lower odds of most infections
compared to IDU, most noticeably for double and triple infections.

4. Discussion

This is one of the largest population-based cohort studies in North
America and the first to incorporate all diagnosed cases of HIV, HCV,
and HBV, in addition to individuals testing negative for HCV or/and
HIV, within an entire province to characterize co-occurrence of
bloodborne infections, mental illness, IDU, and socioeconomic depriva-
tion.We identified that IDUwas associatedwith higher odds of all infec-
tion groups, except HBV, with the largest associations with HIV/HCV,
HBV/HCV coinfection, and triple infection. MSM also had higher odds
of HIV, HBV/HIV, HIV/HCV, and triple infection. HBV mono-infection
was primarily associatedwith urban residence andhighermaterial dep-
rivation. Stratification by IDU identified additional patterns of 2–4 times



Table 2
Odds ratios derived from amultivariable multinomial logistic regression model characterizing the association of demographic, risk factor, and co-morbidity variables with HBV, HCV and
HIV infection groups, the BC-HTC, 1990–2013.

Variable HBV
(OR (95% CI))

HBV HCV
(OR (95% CI))

HBV HIV
(OR (95% CI))

HBV HIV HCV
(OR (95% CI))

HCV
(OR (95% CI))

HIV
(OR (95% CI))

HIV HCV
(OR (95% CI))

Age group
b25 1.94 (1.86, 2.03) 1.02 (0.89, 1.18) 1.26 (0.88, 1.82) 3.27 (2.07, 5.17) 1.34 (1.29, 1.39) 2.52 (2.22, 2.84) 5.78 (4.54, 7.35)
24–34 2 (1.91, 2.09) 1.99 (1.76, 2.25) 2.53 (1.83, 3.49) 7.25 (4.69, 11.22) 2.24 (2.17, 2.32) 4.11 (3.66, 4.62) 9.33 (7.39, 11.78)
35–44 2.24 (2.14, 2.34) 2.95 (2.62, 3.32) 4.53 (3.32, 6.19) 10.79 (6.98, 16.66) 3.49 (3.38, 3.6) 4.11 (3.65, 4.62) 11.82 (9.36, 14.92)
45–54 1.83 (1.74, 1.93) 3.96 (3.5, 4.48) 4.4 (3.16, 6.12) 9.15 (5.83, 14.36) 3.1 (2.99, 3.21) 2.98 (2.62, 3.4) 7.85 (6.14, 10.05)
N54 1 1 1 1 1 1 1

Gender and sexual orientation
Non-MSM male 1 1 1 1 1 1 1
MSM 1.11 (1.04, 1.18) 0.4 (0.28, 0.58) 6.8 (5.6, 8.27) 5.21 (3.89, 6.97) 0.28 (0.26, 0.31) 5.08 (4.75, 5.43) 3.55 (3.09, 4.09)
Female/unknown 0.71 (0.69, 0.72) 0.41 (0.38, 0.44) 0.11 (0.08, 0.14) 0.4 (0.35, 0.45) 0.43 (0.42, 0.44) 0.2 (0.18, 0.21) 0.35 (0.32, 0.38)

Major mental illness
Yes 0.45 (0.42, 0.48) 0.88 (0.81, 0.96) 2.15 (1.78, 2.6) 1.2 (1.05, 1.37) 0.75 (0.73, 0.78) 1.12 (1.03, 1.21) 0.78 (0.71, 0.85)
No 1 1 1 1 1 1 1

Urbanicity
Yes 7.02 (6.42, 7.69) 1.23 (1.11, 1.38) 2.08 (1.4, 3.07) 2.11 (1.6, 2.77) 0.96 (0.93, 0.98) 1.65 (1.47, 1.86) 1.65 (1.43, 1.91)
No 1 1 1 1 1 1 1

Problematic alcohol use
Yes 0.5 (0.45, 0.55) 2.55 (2.34, 2.78) 1.29 (0.98, 1.68) 2.73 (2.38, 3.13) 1.94 (1.88, 2) 1.12 (0.99, 1.27) 2.62 (2.39, 2.86)
No 1 1 1 1 1 1 1

Intravenous drug use
Yes 0.75 (0.68, 0.84) 16.11 (14.82, 17.52) 4.13 (3.16, 5.39) 64.19 (55.11, 74.77) 6.05 (5.87, 6.24) 1.6 (1.39, 1.83) 23.23 (21.32, 25.31)
No 1 1 1 1 1 1 1

Social deprivation
1 1 1 1 1 1 1 1
2 0.91 (0.88, 0.94) 1.13 (0.99, 1.29) 1.18 (0.81, 1.7) 1.55 (1.12, 2.14) 1.17 (1.13, 1.21) 1.21 (1.07, 1.36) 1.46 (1.22, 1.75)
3 0.73 (0.7, 0.76) 1.32 (1.17, 1.51) 1.15 (0.8, 1.67) 2.09 (1.54, 2.83) 1.41 (1.36, 1.45) 1.31 (1.16, 1.48) 1.81 (1.52, 2.15)
4 0.69 (0.67, 0.72) 1.53 (1.35, 1.73) 1.7 (1.22, 2.37) 2.54 (1.9, 3.39) 1.59 (1.54, 1.64) 1.9 (1.7, 2.11) 2.61 (2.22, 3.07)
5 0.54 (0.52, 0.56) 2.05 (1.83, 2.3) 3.51 (2.62, 4.72) 3.68 (2.8, 4.83) 2.16 (2.1, 2.23) 3.14 (2.85, 3.47) 4.18 (3.6, 4.85)
Missing 1.81 (1.63, 2.01) 5.55 (4.32, 7.13) 3.5 (1.99, 6.13) 10.19 (6.31, 16.45) 5.62 (5.26, 6.01) 3.09 (2.5, 3.83) 10.14 (7.7, 13.36)

Material deprivation
1 1 1 1 1 1 1 1
2 1.06 (1.01, 1.1) 1.36 (1.2, 1.53) 0.6 (0.47, 0.76) 1.1 (0.87, 1.37) 1.29 (1.25, 1.33) 0.73 (0.67, 0.79) 1.01 (0.89, 1.15)
3 1.26 (1.2, 1.31) 1.36 (1.2, 1.53) 0.56 (0.44, 0.72) 0.88 (0.7, 1.12) 1.41 (1.37, 1.46) 0.58 (0.53, 0.63) 0.98 (0.86, 1.11)
4 1.49 (1.43, 1.55) 1.78 (1.58, 1.99) 0.49 (0.38, 0.63) 1.23 (0.99, 1.52) 1.64 (1.59, 1.69) 0.61 (0.56, 0.67) 1.28 (1.14, 1.45)
5 1.64 (1.58, 1.71) 2.24 (2.01, 2.5) 0.73 (0.59, 0.91) 2.22 (1.84, 2.69) 2.05 (1.99, 2.12) 0.78 (0.72, 0.85) 2.12 (1.91, 2.37)
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higher odds of HBV, HIV, HBV/HIV, HCV/HIV and HBV/HCV/HIV among
MSM who also injected drugs, compared to those who do not inject
drugs. Conversely, among non-IDU, mental illness, problematic alcohol
use, and material deprivation were associated with higher odds of var-
ious mono- and co-infections. These patterns highlight the presence of
syndemics of IDU, sexual practices, mental illness, socioeconomic depri-
vation, and infections. By better understanding the composition and
context of these syndemics, health services and interventions may be
tailored to the needs of population groups affected by these syndemics.

Most infections occurred within populations with multiple risk fac-
tors. This vulnerability was particularly evident among individuals
with triple infection, who were more likely to engage in IDU, have
prior mental illness, and be socially and materially deprived. In particu-
lar, the magnitude of the IDU association with triple infection was
higher than other risk factors. MSM also had higher odds of triple infec-
tion, though the magnitude of association was lower than IDU. Similar
to triple infection, IDUwas also associated with higher odds of other in-
fection groups. The management of IDU with pharmacological (opiate
substitution therapy) and non-pharmacological (needle syringe distri-
bution and psychotherapy) interventions is associated with reduction
in HCV or HIV infection [23–25]. Although similar effects are expected
for co- and triple-infections, data are lacking. Further evaluation of
these and other interventions alone or in combination is necessary to
optimize prevention and treatment of these coinfections.

Higher odds of HIV mono- or co-infection were observed among
MSM. HIV mono-infection and HBV/HIV co-infection groups had the
highest proportion of MSM, with similar demographics and pattern of
risk behaviors. While positive associations of IDU were observed for
HIV mono-infection and HBV/HIV co-infection groups, the magnitude
of the ORs was considerably lower than that for most other co-
infections. These findings are also consistent with other studies on
HIV/HBV co-infection, where HBV/HIV co-infection was more strongly
associated with MSM compared to PWID [7,26]. Both HIV mono- and
HBV/HIV co-infection groups appeared to reside in areas of relatively
greater social deprivation, but lessermaterial deprivation. This supports
previous findings for HIV mono-infection and suggests that these indi-
viduals may acquire infections through risk behaviors not necessarily
correlated with poverty [8].

There has been limited evaluation of the interacting nature of
syndemics. In this study, we evaluated the interaction between IDU
and being MSM to identify whether co-occurrences of various factors
differ by IDU and/or being MSM. Stratification by IDU demonstrated
MSM who also use intravenous drugs had 3 times higher odds of triple
infection, ~4 times the odds of HBV/HIV co-infection and HIV mono-
infection, 5 times the odds of HBV, and 2 times the odds of HIV/HCV
co-infection compared to non-IDU. This suggests heterogeneity among
the MSM population, with infection odds being the highest among
those also engaged in IDU. These data are consistent with previous find-
ings among MSM, where IDU has been associated with higher odds of
HIV and HCV infection [27–30]. This highlights the need for manage-
ment of IDU amongMSM population through inclusion and integration
of addiction management services with health services provided to



Fig. 3. Comparison of OR for HBV, HCV, and HIV co-infection groups derived from multivariable multinomial logistic regression model stratified by selected characteristics, the BC-HTC,
1990–2013. Dotted line represent OR of 1, null effect.
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Table 3
Odds ratios derived from amultivariable multinomial logistic regressionmodel characterizing the association of demographic, risk factor, and co-morbidity variables with HBV, HCV andHIV infection groups stratified by IDU and non-IDU subgroups,
the BC-HTC, 1990–2013.

Variable HBV (OR (95% CI)) HBV HCV (OR (95% CI)) HBV HIV (OR (95% CI)) HBV HIV HCV (OR (95% CI)) HCV (OR (95% CI)) HIV (OR (95% CI)) HIV HCV (OR (95% CI))

IDU Non-IDU IDU Non-IDU IDU Non-IDU IDU Non-IDU IDU Non-IDU IDU Non-IDU IDU Non-IDU

Age b 24 1.19
(0.72, 1.98)

1.94
(1.85, 2.02)

0.84
(0.6, 1.19)

1.07
(0.91, 1.26)

1.42
(0.4, 4.99)

1.19
(0.81, 1.76)

2.73
(1.39, 5.35)

4.24
(2.22, 8.12)

2.51
(2.12, 2.96)

1.19
(1.15, 1.24)

3.98
(1.45, 10.95)

2.49
(2.19, 2.81)

3.97
(2.5, 6.31)

6.14
(4.6, 8.2)

Age 24–34 1.22
(0.74, 2.01)

2
(1.91, 2.09)

1.49
(1.08, 2.05)

2.15
(1.88, 2.46)

1.8
(0.54, 5.99)

2.55
(1.82, 3.58)

5.58
(2.91, 10.7)

9.14
(5.02, 16.66)

3.21
(2.72, 3.78)

2.17
(2.09, 2.24)

4.15
(1.52, 11.34)

4.16
(3.7, 4.68)

5.01
(3.18, 7.91)

11.87
(9.02, 15.61)

Age 35–44 1.17
(0.7, 1.96)

2.25
(2.15, 2.35)

2.1
(1.53, 2.89)

3.04
(2.67, 3.46)

1.83
(0.55, 6.16)

4.89
(3.54, 6.75)

7.13
(3.72, 13.67)

13.85
(7.65, 25.07)

3.55
(3.01, 4.19)

3.58
(3.47, 3.7)

3.15
(1.14, 8.71)

4.21
(3.73, 4.74)

5.94
(3.77, 9.38)

14.09
(10.7, 18.54)

Age 45–54 1.27
(0.74, 2.2)

1.83
(1.74, 1.93)

3.16
(2.27, 4.41)

3.85
(3.36, 4.41)

1.75
(0.47, 6.46)

4.67
(3.32, 6.57)

6.64
(3.39, 13)

9.54
(5.09, 17.9)

2.7
(2.27, 3.22)

3.19
(3.08, 3.31)

3.15
(1.1, 9.01)

3
(2.63, 3.43)

4.37
(2.71, 7.04)

8.67
(6.47, 11.61)

MSM
v non-MSM
male

5.23
(2.91, 9.4)

1.09
(1.03, 1.16)

0.6
(0.14, 2.51)

0.35
(0.24, 0.51)

24.27
(11.17, 52.74)

6.33
(5.17, 7.75)

9.41
(4.95, 17.91)

3.66
(2.59, 5.17)

0.29
(0.17, 0.52)

0.28
(0.25, 0.3)

18.21
(11.97, 27.69)

4.97
(4.65, 5.32)

6.81
(4.23, 10.97)

2.97
(2.55, 3.46)

Female/unknown
v non-MSM
male

0.8
(0.65, 0.99)

0.7
(0.68, 0.72)

0.95
(0.84, 1.07)

0.32
(0.29, 0.35)

0.25
(0.14, 0.47)

0.09
(0.07, 0.13)

0.86
(0.74, 1)

0.15
(0.11, 0.21)

0.83
(0.79, 0.88)

0.39
(0.39, 0.4)

0.46
(0.34, 0.61)

0.19
(0.17, 0.2)

0.79
(0.71, 0.89)

0.22
(0.2, 0.25)

Major mental
illness

0.92
(0.74, 1.14)

0.42
(0.39, 0.45)

0.66
(0.59, 0.75)

1.01
(0.89, 1.15)

1.43
(0.89, 2.29)

2.27
(1.85, 2.79)

0.87
(0.74, 1.01)

1.82
(1.36, 2.42)

0.56
(0.53, 0.59)

0.85
(0.82, 0.88)

0.79
(0.61, 1.02)

1.15
(1.06, 1.26)

0.57
(0.51, 0.64)

1.01
(0.87, 1.17)

Urban vs rural 2.95
(1.74, 4.98)

7.14
(6.51, 7.83)

1.48
(1.19, 1.83)

1.2
(1.05, 1.36)

0.82
(0.37, 1.85)

2.54
(1.61, 3.99)

2.39
(1.71, 3.34)

2.08
(1.29, 3.37)

1.2
(1.1, 1.3)

0.93
(0.9, 0.96)

1.28
(0.8, 2.06)

1.68
(1.49, 1.9)

1.78
(1.43, 2.23)

1.7
(1.41, 2.05)

Problematic
alcohol use

3.37
(1.31, 8.65)

4.41
(3.85, 5.06)

1.26
(0.72, 2.18)

1.29
(0.96, 1.72)

1.82
(0.34, 9.84)

4.45
(2.24, 8.85)

0.96
(0.39, 2.4)

2.31
(1.01, 5.31)

1.05
(0.83, 1.33)

1.68
(1.57, 1.78)

0.35
(0.05, 2.73)

1.97
(1.55, 2.49)

0.9
(0.5, 1.62)

1.56
(1.06, 2.29)

Social
deprivation
(Q5v1)

1.24
(0.88, 1.75)

0.53
(0.51, 0.55)

2.65
(2.07, 3.39)

1.84
(1.62, 2.1)

3.33
(1.31, 8.42)

3.55
(2.6, 4.84)

3.56
(2.51, 5.04)

4.03
(2.57, 6.32)

2.06
(1.87, 2.26)

2.18
(2.11, 2.25)

2.67
(1.6, 4.45)

3.16
(2.86, 3.49)

3.39
(2.66, 4.31)

4.8
(3.95, 5.83)

Material
deprivation
(Q5v1)

0.77
(0.58, 1.03)

1.66
(1.6, 1.73)

1.55
(1.27, 1.89)

2.48
(2.17, 2.83)

0.6
(0.33, 1.1)

0.75
(0.59, 0.94)

1.85
(1.45, 2.36)

2.28
(1.65, 3.15)

1.59
(1.46, 1.73)

2.11
(2.05, 2.18)

0.94
(0.66, 1.35)

0.78
(0.72, 0.84)

1.62
(1.35, 1.93)

2.37
(2.06, 2.72)
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MSM population. Currently, addiction services tailored to the MSM
population's contextual needs are limited [31]. Since HBV is more likely
to co-occur among MSM living with HIV, integration of HBV and liver
care with HIV care could further improve their health without much ef-
fort, as HBV drugs are also included in anti-retroviral regimens.

IDU stratified analysis also showed that, among those who inject
drugs, problematic alcohol use and mental illness were not associated
with further increased odds of HCV, HIV, HCV/HIV HBV/HIV co- and
triple-infections. However, among non-IDU,mental illness, problematic
alcohol use, and material deprivation were associated with higher odds
of variousmono, co- and triple-infections. Various studies have reported
an association between alcohol use and high risk sexual behaviors in
various population groups [31]. This highlights the complex interactions
between various co-occurring risk factors leading to increased risk of
various infections. This also emphasizes that, while management of
drug use is essential, mental illness and problematic alcohol use must
also be addressed to achieve reduction in risk of infections and other ad-
verse outcomes. Although additional data is needed to characterize the
optimal mix of services, this constellation of co-infections, vulnerabil-
ities, and risk behaviors supports integration and co-location of services
for management of mental illness and addiction, along with infection
management and social support in areas with high rates of co-
infections.

In contrast to other co-infection groups, individualswithHBVmono-
infection were less likely to live in areas of relative social deprivation;
however, the association with material deprivation persisted. The pat-
terns of deprivation may reflect ethnic diversity of the population,
where HBVmono-infected individuals are more likely to represent ma-
terially deprived immigrants from socially cohesive cultures. Immigra-
tion and cultural influences may also underlie the lower odds
associated with IDU and alcohol use, as these commonly cited risk be-
haviors tend to be less prevalent among foreign-born Canadians [32,
33]. This reflects current knowledge of the distribution of HBV in
Canada, as sero-prevalence for HBV is high among migrants from HBV
endemic countries, particularly in Eastern Asia [18,34,35]; however,
this hypothesis requires further investigation using linked immigration
datasets.

Although strengthened by cohort size and the availability of a large
sample of negative individuals, this analysis should be interpreted in
the light of several methodological considerations. Given the controls
in the cohort were limited to those tested for HCV or HIV, they may
not be fully representative of the at risk general population; however,
since testing may be precipitated by risk factors, bias may result in un-
derestimation of positive associations. Individualswere considered neg-
ative for an infection if there was no record of positive test or case
report, which may risk misclassification of those not tested for HIV,
HBV, or HCV. Several variables, such as MSM and IDU, were derived
using medical visits and hospitalizations, likely leading to greater cap-
ture of high risk individuals engaged in care and potential misclassifica-
tion inherentwith these datasets. Despite these limitations, the findings
are consistent with those of other studies investigating risk factors and
demographics associated with HCV, HBV, and HIV co-infections [6–8,
12–16].

While the prevalence of HIV, HCV, and HBV is known to be higher
among immigrants and indigenous people, data on these populations
were unavailable for analysis. Individuals with no fixed address may
be at higher risk; however, despite the elevated risk of infection
among thosemissing addresses, clearer identification of this population
is necessary to elucidate the magnitude of risk attributable to inade-
quate housing.

The co-occurrence of infections and risk factors described in this
study suggests the presence of unique syndemics among individuals
with HCV, HIV, andHBV in British Columbia. Further analysis is required
to better understand the underlying interactions and their effects on ac-
quisition of infections and subsequent outcomes, as well as generaliza-
tion to other geographies and populations. Identification of these
syndemics allows for greater insight into transmission patterns, as
well as co-existing conditions that could be utilized for effective man-
agement through optimal integration and intensity of various services
needed for management of infections and co-occurring socioeconomic
deprivation, IDU, and mental illness among various population groups.

Outstanding Questions

• Howdo the risk factors for co-infection differ within other subpopula-
tions known to have higher burdens of HIV, HBV, andHCV, such as im-
migrants and indigenous groups?

• How do syndemics of substance use, sexual practices, mental illness,
socioeconomic marginalization, and co-infections interact to affect
health outcomes?

• How can a syndemic approach be used to inform targeted delivery of
healthcare services?
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