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A B S T R A C T

Background: Staphylococcal blood stream infections (SBSI) are a significant cause of morbidity and mortality,
however there is little data on such infections in persons with HIV (PWH) in the combination antiretroviral
therapy era, particularly when divided by species; methicillin-sensitive (MSSA) and methicillin-resistant
Staphylococcus aureus (MRSA) and coagulase-negative Staphylococcus (CoNS).
Methods: Using linked longitudinal clinical and microbiologic databases, all cases of SBSI in PWH accessing
care at Southern Alberta Clinic were identified and demographic features and outcomes characterized. We
compared participants with SBSI to those with no SBSI and determined the 1-year all-cause mortality follow-
ing SBSI and longitudinally over the study period.
Findings: From 2000 to 2018, 130 SBSI occurred in 95 PWH over 21,526 patient-years follow-up. MSSA
caused 38.4%, MRSA 26.1% and CoNS 35.3% of SBSI. Highest risks for SSBI were in Hepatitis C coinfection, low
CD4 nadir, Indigenous/Metis ethnicity and in persons who use injection drugs (PWID). During follow-up, 423
deaths occurred in all PWH. Mortality rates for PWH with SBSI was 74.9/1000 patient-years (95% CI
59.2�94.9) compared with no SBSI 16.0/1000 patient-years (95% CI 14.4�17.7). The mortality Hazard Ratio
was 2.61(95% CI 1.95�3.49, P= <0.001) for SBSI compared to no SBSI, following adjusting for confounding.
Seventy deaths occurred in persons with SBSI with 40% in the first year. Higher 1-year mortality rates
occurred in hospital-acquired infections.
Interpretation: Incidence rates of SBSI are high in PWH, with identified characteristics that further increase
this risk. PWH who experience SBSI have a significant mortality risk within the first year of follow-up, how-
ever they also have greater long-term all-cause mortality compared to those with no SBSI. Further investiga-
tion is needed in PWH evaluating host, environment and pathogen differences that lead to differing rates of
SBSI and mortality seen here.
Funding: No funding was received for this work.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Staphylococcal blood stream infection (SBSI) includes methicillin-
susceptible (MSSA), methicillin-resistant Staphylococcus aureus (MRSA),
and coagulase negative Staphylococcus (CoNS). SBSI has an annual
population-based incidence rate of 20�30 cases/100,000 population in
high-income countries [1]. Several studies have shown that Staphylococ-
cus aureus is the second most common pathogen causing blood stream
infection (BSI), after Escherichia coli [2, 3]. In the past 20 years with
aggressive use of antibacterial therapy and modern source control strat-
egies, the mortality rate for SBSI is estimated at ~25% [2, 4].

In North America, the rates of MSSA are relatively stable, while
rates of MRSA are increasing, believed to be due to increased commu-
nity-acquired (CA) cases [5, 6]. A study from the Calgary Health
Region (CHR) recently reported on 840 episodes of Staphylococcus
aureus bacteremia (SAB), demonstrating increased incidence rates
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Research in context

Evidence before this study

Several studies have characterized staphylococcal blood stream
infections (SBSI) in a general population, however few that
have evaluated the specialized population of persons with HIV
(PWH), particularly since the widespread usage of ART. We
searched PubMed and MEDLINE for search concepts of “HIV/
AIDS”, “Staphylococcus” and “Bacteremia” in addition to includ-
ing many synonyms and relevant subject headings. The major-
ity of data identified was based on Staphylococcus aureus both
MSSA and MRSA, with minimal studies evaluating coagulase
negative Staphylococcus (CoNS). Also, the majority of studies
evaluated either community acquired, or hospital acquired
infections, very few looked at total infections. Lastly, the major-
ity of studies were done in the pre or early ART era with less
studies evaluating SBSI in PWH during the combined ART era.

Added value of this study

The value of this study is in the comprehensive longitudinal
databases that were utilized. We linked a clinical database of
PWH with a microbiologic database overlapping in geographic
region in order to capture and characterize all SBSI in PWH.
This allowed us to evaluate and compare hospital-acquired and
community-acquired cases as well as include MSSA, MRSA and
CoNS over a longitudinal follow-up of 18 years. We were able
to evaluate and compare clinical and epidemiologic characteris-
tics as well as outcomes of our study population.

Implications of all the available evidence

Despite advances in HIV care, the incidence rates of SBSI are
high in PWH and are associated with high mortality, particu-
larly in the first-year of follow-up. There are epidemiologic and
clinical characteristics that increase rates of SBSI and mortality
in PWH. Further investigation is needed in PWH evaluating
host, environment and pathogen differences that lead to
increased rates of SBSI.
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from 23.5�32.0/100,000 from 2012 to 2014 [4]. There are limited
studies evaluating CoNS BSI. Souvenir et al. demonstrated that CoNS
accounted for 45�60% of all Staphylococcal isolates recovered from
blood cultures, but these organisms are often considered contami-
nants [7]. Only 10�12% of all CoNS recovered from blood cultures are
implicated in true SBSI [7].

Despite advances in HIV care, invasive bacterial infections continue
to be a significant source of morbidity and mortality in persons with
HIV (PWH) [8, 9]. Many studies evaluating SBSI in PWH were done in
the pre or early antiretroviral therapy (ART) era, less information is
available on the documented risk factors, demographics and outcomes
in the combined ART era [9-14]. Staphylococcus aureus is consistently
reported as the most common cause of BSI in PWH [12, 13, 15, 16]. The
prevalence of MRSA has been increasing in PWH and corresponds to
the introduction of CA-infections [12]. The first Canadian outbreak of
CA-MRSA was identified in the CHR in 2004, due to a local corrections
facility outbreak [17, 18]. High risk populations for CA-MRSA are similar
to those for HIV including; persons who use injection drug (PWID),
homelessness and recent incarceration [18]. CoNS is frequently in the
top three pathogens associated with BSI in PWH, however the clinical
outcomes of these infections has not been studied [19].

Through this cohort study, we linked a longitudinal clinical data-
base of adults with HIV living within our geographic region with a
microbiologic database overlapping the same region to identify and
characterize all SBSI cases in PWH. We aimed to identify
characteristics of PWH which were associated with risk for SBSI,
establish risk for recurrence and evaluate 1-year all-cause mortality
following an episode of SBSI as well as longitudinally over the study
period.

2. Methods

2.1. Population

All PWH in Southern Alberta, Canada receive HIV care through a cen-
tralized HIV program at the Southern Alberta Clinic (SAC), providing free
access to all HIV services under universal health care. We included all
PWH �18 years old accessing HIV care through SAC between January 1,
2000 and January 1, 2018. Patients were followed until they moved out
of the region, were lost to follow-up (LTFU), died, or until the end of the
study period. In order to evaluate 1-year mortality following SBSI, mor-
tality data were collected until January 1, 2019.

2.2. Data collection

Through this retrospective cohort study, we identified all PWH
with an SBSI during the study period through the centralized regional
microbiology research database and matched these patients to the
SAC database. During the study period all diagnostic microbiology
services were provided for Calgary and surrounding rural areas (cur-
rently ~1.5 M people) by Calgary Laboratory Services (CLS). CLS is
accredited by the College of Physicians and Surgeons of Alberta; all
processes have quality assurance measures and standards, ensuring
validity and accuracy of reported data.

A standard adult protocol that routinely directs collection of a
two-set, 4-bottle draw for each individual blood culture order was
used [20]. The BacTAlert (bioM�erieux, Laval, Quebec) automated sys-
tem was used throughout the study and each bottle consisted of FAN
Plus Media for optimal aerobic and anaerobic organism recovery. All
blood cultures are routinely incubated for 5-days, which has been
shown to improve the recovery of fastidious pathogens [21, 22].
Blood culture data included the date of sample collection, the location
of the patient and the specific bacterial pathogen identified. Clinical
and Laboratory Standard Institute guidelines were utilized to identify
and determine the susceptibilities profiles of MSSA, MRSA and CoNS
[23]. Blood cultures were evaluated by a physician (RL and DLC) and
those with one set of two blood samples for CoNS were further evalu-
ated for time to positivity and those with one out of four bottles posi-
tive for CoNS were considered contamination and excluded, resulting
in the removal of 89 (40.6%) isolates (Fig. 1).

The SAC database obtained sociodemographic and clinical data
from patients with a documented SBSI (study patients) and without a
documented SBSI (controls). Participant demographics included age,
sex, ethnicity and HIV risk factors. Data on co-infections and comor-
bidities was recorded. HIV clinical characteristics included CD4 count,
viral load and ART therapy and antimicrobial agents used for prophy-
laxis of opportunistic infections (OI). Clinical outcomes included; hos-
pitalization, SBSI recurrence, and all-cause mortality. This study was
approved by the Conjoint Health Research Ethics Board at the Univer-
sity of Calgary (REB17�2283) along with the microbiology research
database (REB15�0629).

2.3. Definitions

Eligible participants had attended at least one regular SAC
appointment in the year being evaluated. BSI that occurred in out-
patients or within �72 h after hospital admission were categorized
as community-acquired (CA), whereas BSIs that occurred >72 h after
hospitalization was considered hospital-acquired (HA) [2]. For all
SBSI episodes, hospitalization status was defined as being admitted
at the time or within 48 h following the phlebotomy. Polymicrobial



Fig. 1. Flow diagram for inclusion into the study population.
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SBSI occurred when blood cultures yielded �2 different pathogenic
organisms within 48 h of each other within the 5-day incubation
period. Recurrence was defined as another SBSI more than 14 days
after the first. CD4 counts and HIV viral load (VL) measurements col-
lected most recent to diagnosis of a SBSI were used. Virologic sup-
pression in plasma was defined as �200 RNA copies/mL [24, 25].

2.4. Statistical analysis

Descriptive analysis was performed using crude data. There were
132 missing values for ethnicity, 80 for CD4 nadir, 10 for age at HIV
diagnosis and 18 for HIV risk factors. The number of participants with
any missing values was low (n = 240, 7.0%). Univariate analysis was con-
ducted using all data but observations with missing data were excluded
for bivariate and multivariate analysis. Incidence rates for each type of
BSI studied including MSSA, MRSA and CoNS, were calculated by divid-
ing incident infections by the total number of patients attending SAC at
year-end for each year of the study. Demographic data for those with
each type of SBSI were compared using the chi-square test.

Unadjusted hazard ratios (HR) were calculated using a Poisson
regression model to compare characteristics of PWH with SBSI versus
those with no SBSI. Poisson regression was used as hazards appeared to
be constant over time. Characteristics of participants with SBSI who
died compared to those that survived 1-year following SBSI were com-
pared using Cox proportional hazards model. A Poisson regression
model was used to calculate HR for all-cause mortality over the 18-year
follow-up for PWH with SBSI compared to those without. Confounding
was assessed by sequential inclusion of each potential confounder in a
regression model. Likelihood Ratio Tests (LRT) were used to test depar-
tures from linear effects. Variables included in themodel as confounders
a priori included; age, sex, CD4 nadir and PWID status [8-16]. All p-val-
ues are two-tailed tests with the statistical significance level set at
p<0.05 including 95% confidence intervals. All analysis was performed
using STATA version 15.0 (College Station, TX).
2.5. Role of funding

No funding was received for this work.
3. Results

From the 3383 PWH in this study, 130 episodes of SBSI identified
amongst 95 PWH with 34 cases of recurrent infections. There were
50 (38.4%) MSSA, 34 (26.1%) MRSA and 46 (35.3%) CoNS BSI (Table 1).
Persons included were initially diagnosed with HIV between 1982
and 2017, HIV testing was introduced in 1985, therefore prior to
1985, diagnosis date was based on a transfusion date. HIV was diag-
nosed <14 days prior to SBSI in 6 (4.5%) episodes, and 11 (8.5%) epi-
sodes within �2 months of an HIV diagnosis. The mean duration
between HIV diagnosis and incident SBSI was 8.6 years (0�30.4 yrs.).
The mean duration of follow-up for all enrolled participants was
7.8 § 6.0 yrs. (0.01�18 yrs.); those with and without SBSI had similar
follow-up at 7.7 yrs. and 8.1yrs, respectively. The overall rate of SBSI
was 604/100,000 patient-years (PY) (Table 2).

Blood culture draws occurred on hospital wards in 58 (44.6%) SBSI
episodes, 57 (43.9%) occurred in the Emergency Department and 15
(11.5%) were in a community-based setting. Most SBSI episodes (112,
86.2%) were CA with 18 (13.9%) being HA (Table 3). Most HA-SBSI
were due to either MSSA (7, 38.9%) or CoNS (10, 55.6%), with only
one case (5.6%) caused by MRSA. The first case of MRSA-BSI in this
cohort was identified in 2005, and there has consistently been �1
case each year since. Central line associated BSI (CLABSI) accounted
for 12 infections (4 MSSA, 3 MRSA, 5 CoNS).



Table 1
Characteristics of PWH who experience SBSI compared to those who do not between 2000 and 2018.

Characteristics Total n (%)
N = 3383

Total n with no
SBSI (%)
n = 3253

Total n with
SBSI (%)
n = 130

CoNS (%)
(n = 46)

MSSA (%)
(n = 50)

MRSA (%)
(n = 34)

P-value *Rate of SBSI/
1000 PY
(95% CI)

Hazard ratio (HR)
for SBSI
(95% CI)

P-value
for HR

PWID No 2744 (81.1) 2143 (65.8) 64 (49.2) 28 (60.9) 22 (44.0) 12 (35.3) 0.062 2.78 (2.16�3.58) 1.00
Yes 580 (17.1) 1051 (32.3) 66 (50.8) 18 (39.1) 28 (56.0) 22 (64.7) 16.62 (13.08�21.12) 5.97 (4.22�8.46) <0.001
Missing 59 (1.7) 59 (1.8) 0 (0)

Age at HIV diagno-
sis, years

�30 1275 (37.7) 1233 (37.9) 42 (32.3) 12 (26.1) 19 (38.0) 11 (32.4) 0.626 3.93 (2.95�5.41) 1.00
31�40 1190 (35.2) 1137 (35.0) 53 (40.8) 20 (43.5) 18 (36.0) 15 (44.1) 5.82 (4.45�7.62) 1.48 (0.99�2.22) 0.057
41�50 594 (17.6) 570 (17.5) 24 (18.5) 8 (17.4) 11 (22.0) 5 (14.7) 5.74 (3.85�8.57) 1.46 (0.89�2.42) 0.137
>50 247 (7.3) 239 (7.4) 8 (6.2) 4 (8.7) 1 (2.0) 3 (8.8) 4.84 (2.42�9.69) 1.22 (0.58�2.63) 0.587
Missing 77 (2.3) 74 (2.3) 3 (2.3) 2 (4.4) 1 (2.0) 0 (0)

Sex Male 2582 (76.3) 2480 (76.2) 96 (73.9) 34 (73.9) 33 (66.0) 29 (85.3) 0.142 4.83 (3.94�5.91) 1.00
Female 801 (23.7) 767 (23.8) 34 (26.2) 12 (26.1) 17 (34.0) 5 (14.7) 5.33 (3.81�7.46) 1.10 (0.74�1.63) 0.624
Missing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Ethnicity Caucasian 1839 (54.4) 1764 (54.2) 75 (57.7) 26 (56.5) 30 (60.0) 19 (55.9) 0.210 4.84 (3.85�6.08) 1.00
Indigenous/Metis 395 (11.7) 358 (11.0) 37 (28.5) 10 (21.7) 16 (32.0) 11 (32.4) 16.15 (11.70�22.29) 3.34 (2.25�4.95) <0.001
African/Caribbean/
Black

695 (20.5) 686 (21.1) 9 (6.9) 4 (8.7) 4 (8.0) 1 (2.9) 1.63 (0.85�3.13) 0.34 (0.17�0.67) 0.002

Other 322 (9.5) 313 (9.6) 9 (6.9) 6 (13.0) 0 (0) 3 (8.8) 3.31 (1.58�6.95) 0.68 (0.32�1.49) 0.338
Missing 132 (3.9) 132 (4.1) 0 (0) 0 (0) 0 (0) 0 (0)

CD4 Nadir >200 cells/mm3 1983 (58.6) 1949 (59.9) 34 (26.2) 7 (15.2) 14 (28.0) 12 (35.3) 0.198 2.43 (1.73�3.40) 1.00
�200 cells/mm3 1294 (38.3) 1216 (37.4) 78 (60.0) 33 (71.7) 27 (54.0) 19 (55.9) 6.91 (5.53�8.62) 2.85 (1.90�4.26) <0.001
Missing 106 (3.1) 88 (2.7) 18 (13.9) 6 (13.0) 9 (18.0) 3 (8.8)

HIV Risk Factor gbMSM 1548 (45.8) 1512 (46.5) 36 (27.7) 15 (32.6) 15 (30.0) 6 (17.7) 0.005 2.84 (2.05�3.94) 1.00
Heterosexual 1182 (34.9) 1094 (33.6) 88 (67.7) 25 (54.4) 35 (70.0) 28 (82.4) 10.77 (8.73�13.29) 3.79 (2.57�5.59) <0.001
Other 566 (16.7) 563 (17.3) 3 (2.3) 3 (6.5) 0 (0) 0 (0) 0.62 (0.20�1.94) 0.22 (0.68�0.71) 0.012
Missing 87 (2.6) 84 (2.6) 3 (2.3) 3 (6.5) 0 (0) 0 (0)

HCV No 2388 (70.6) 2351 (72.3) 37 (28.5) 18 (39.1) 11 (22.0) 8 (23.5) 0.081 1.89 (1.38�2.60) 1.00
Yes 460 (13.6) 391 (12.0) 69 (53.1) 18 (39.1) 28 (56.0) 23 (67.7) 19.15 (15.12�24.24) 10.15 (6.80�15.13) <0.001
Missing 535 (15.8) 511 (15.7) 24 (18.5) 10 (21.7) 11 (22.0) 3 (8.8)_

* Rate of SBSI comparing different demographic characteristics. Hazard ratio calculated using Poisson regression analysis for SBSI adjusting by different characteristics.
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Table 2
Incident Rates of SBSI for PWH between 2000 and 2018, assessing rates of MSSA, MRSA and CoNS.

Years Total active patient-years
of follow up at SAC

Total SBSI Total
Rate/100,000 years

CoNS CoNS
rate/100,000yr

MSSA MSSA
rate/100,000yr

MRSA MRSA
rate/100,000yr

2000�2005 4468 34 761.0 14 313.3 19 425.2 1 22.4
2006�2011 7145 44 615.8 15 209.9 11 154.0 18 251.9
2012�2018 9913 52 524.6 17 171.5 20 201.8 15 151.3
Totals: 21,526 130 603.9 46 213.7 50 232.3 34 157.9

Number of total active patient at SAC were obtained from the database starting January 1st to December 31st.

Table 3
Characteristics associated with 1-year mortality in PWH with SBSI, using Cox proportional hazards regression models.

Characteristics Total (%) Alive at 1 year
following SBSI
episode (%) (n = 102)

Died within 1 year
following SBSI
episode (%) (n = 28)

P value 1-year Mortality
Rate/100 PY (95% CI)

Hazard ratio (HR)
(95% CI)

P-value for HR

Organism CoNS 46 (35.4) 38 (37.3) 8 (28.6) 0.618 20.6 (10.3�41.3) 1.00
MSSA 50 (38.5) 39 (38.2) 11 (39.1) 25.9 (14.3�46.8) 1.27 (0.51�3.16) 0.606
MRSA 34 (26.2) 25 (24.5) 9 (32.1) 35.2 (18.3�67.6) 1.67 (0.65�4.34) 0.289

Year of SBSI
diagnosis

2000�2005 34 (26.2) 28 (27.5) 6 (21.4) 0.813 20.4 (9.1�45.3) 1.00
2006�2011 44 (33.9) 34 (33.3) 10 (35.7) 26.9 (14.5�50.0) 1.31 (0.47�3.59) 0.605
2012�2017 52 (40.0) 40 (39.2) 12 (42.9) 29.9 (17.0�52.6) 1.41 (0.53�3.74) 0.496

Age at HIV diagno-
sis, years (n = 127)

�30 42 (33.1) 39 (29.3) 13 (46.4) 0.105 37.5 (21.8�64.6) 1.00
31�40 53 (41.7) 46 (46.5) 7 (25.0) 15.5 (7.4�32.6) 0.42 (0.17�1.06) 0.068
>40 32 (25.2) 24 (24.2) 8 (28.6) 33.2 (16.6�66.5) 0.85 (0.35�2.06) 0.724

Sex Male 96 (73.9) 73 (71.6) 23 (82.1) 0.259 30.4 (20.2�45.7) 1.00
Female 34 (26.2) 29 (28.4) 5 (17.8) 16.1 (6.7�38.6) 0.56 (0.21�1.47) 0.239

Ethnicity Caucasian 75 (57.7) 57 (55.9) 18 (64.3) 0.827 30.6 (19.3�48.5) 1.00
Indigenous/Metis 37 (28.5) 31 (30.4) 6 (21.4) 17.4 (7.8�38.7) 0.60 (0.23�1.51) 0.280
African/Caribbean/
Black

9 (6.9) 7 (6.9) 2 (7.1) 28.2 (7.0�112.6) 0.94 (0.22�4.07) 0.939

Other 9 (6.9) 7 (6.9) 2 (7.1) 31.7 (7.9�126.9) 1.01 (0.23�4.34) 0.992
CD4 Nadir (n = 112) >200 cells/mm3 34 (30.4) 27 (32.1) 6 (21.4) 0.281 22.4 (10.1�49.9) 1.00

�200 cells/mm3 78 (69.6) 57 (67.9) 22 (78.6) 35.0 (23.0�53.1) 1.55 (0.63�3.81) 0.345
HIV risk factor gbMSM 36 (27.7) 23 (22.6) 13 (46.4) 0.044 52.6 (30.5�90.6) 1.00

Heterosexual 88 (67.7) 74 (72.6) 14 (50.0) 18.2 (10.8�30.7) 0.39 (0.18�0.82) 0.014
Other 6 (4.6) 5 (4.9) 1 (3.6) 19.9 (2.8�141.0) 0.42 (0.05�3.22) 0.404

PWID No 62 (47.7) 46 (45.1) 16 (57.1) 0.258 32.7 (20.0�53.3) 1.00
Yes 68 (52.3) 56 (54.9) 12 (42.9) 20.7 (11.8�36.5) 0.66 (0.31�1.40) 0.276

Source Hospital 18 (13.9) 10 (9.8) 8 (28.6) 0.011 70.4 (35.2�140.8) 1.00
Community 112 (86.2) 92 (90.2) 20 (71.4) 20.9 (13.5�32.5) 0.33 (0.15�0.76) 0.009

Hospitalized No 45 (34.6) 38 (37.3) 7 (25.0) 0.227 17.8 (8.5�37.3) 1.00
Yes 85 (65.4) 64 (62.8) 21 (75.0) 31.1 (20.3�47.7) 1.74 (0.74�4.09) 0.205

Antimicrobial
Prophylaxis

No Prophylaxis 65 (50.0) 56 (54.9) 9 (32.1) 0.033 16.3 (8.5�31.3) 1.00
*Prophylaxis 65 (50.0) 46 (45.1) 19 (67.9) 36.9 (23.5�57.8) 2.22 (1.00�4.91) 0.049

*On ART No 38 (29.2) 37 (36.3) 1 (3.6) 0.001 2.8 (0.3�16.7) 1.00
Yes 92 (70.8) 65 (63.7) 27 (96.4) 31.5 (21.6�45.9) 12.62 (1.71�92.86) 0.013

*CD4 (n = 111) >200 cells/mm3 46 (41.4) 37 (44.6) 9 (32.1) 0.248 24.2 (12.6�46.5) 1.00
�200 cells/mm3 65 (58.6) 46 (55.4) 19 (67.9) 36.9 (23.5�57.8) 1.52 (0.69�3.36) 0.302

*Viral Load (n = 114) �200 cells/mm3 46 (40.4) 32 (37.2) 14 (50.0) 0.231 40.4 (23.9�68.2) 1.00
>200 cells/mm3 68 (59.7) 54 (62.8) 14 (50.0) 24.5 (14.5�41.4) 0.63 (0.30�1.32) 0.218
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3.1. Demographics

The mean age at HIV diagnosis was 35.6 § 9.5 yrs. (16�63 yrs.),
while the mean age at SBSI was 46.3 § 9.2 yrs. (28�72 yrs.). The major-
ity of those with SBSI were male (73.9%). PWH with SBSI episode were
more likely to have HCV-coinfection compared to PWH with no SBSI
(53.1% vs. 12.0% P <0.001). Due to small numbers of comorbidities in
this cohort further associations could not be made (Fig. 2). Of HCV-coin-
fected persons, MSSA/MRSA accounted for most SBSI episodes (73.9%).
Rates of SBSI were higher among PWID and heterosexual populations
compared to gbMSM(gay, bisexual, men who have sex with men)
(Table 1). Among those categorized other as their main HIV risk, the
majority were from an endemic country followed by blood transfusion
risk. Among cases of SBSI in gbMSM 57.1% were due to MSSA/MRSA,
compared to 69.2% in the heterosexual population. In PWID, 49 (74.2%)
were due to MSSA/MRSA, whereas 17 (25.8%) were due to CoNS (chi-
square P = 0.020). Indigenous/metis persons had higher rates of SBSI
16.2/1000 PY compared to Caucasian 4.8/1000 PY and African/Carib-
bean/Black populations 1.6/1000 PY (Table 1).
3.2. HIV clinical characteristics

PWH with SBSI had a mean CD4 nadir of 159 cells/mm3, with
69.6% having a CD4 nadir of <200 cells/mm3. At the time of bacter-
emia, the most recent CD4 count averaged 228 cells/mm3

(0�959cells/mm3), with 58.6% of participants having a CD4
<200cells/mm3. HIV VL was undetectable (�200 copies/mL) in 46
(40.4%) at the time of the initial SBSI. Most patients were being
prescribed ART at the time of SBSI (92, 70.8%), and 65 (50%) were
also on prophylactic antimicrobials for opportunistic infections
(OIs) (Table 3). Use of trimethoprim-sulfamethoxazole and/or azi-
thromycin prophylaxis had no association with SBSI (chi-square
P = 0.230) (Table 4).

3.3. Recurrent episodes of staphylococcal bacteremia

Twenty-two persons had recurrent infections; 13 persons had 2
episodes, 6 patients had 3 episodes, 2 patients had 4 episodes and 1
patient had 5 episodes. The average duration between each SBSI



Fig. 3. Cumulative Survival Curve for PWHwith SBSI compared to those without. The mortality rate was greater in those who had SBSI at 74.9/1000 PY (95% CI 59.2�94.9) compared
to those with no SBSI at 16.0/1000 PY (95% CI 14.4�17.7) generating an unadjusted mortality Hazard Ratio (HR) for SBSI of 4.88 (95% CI 3.77�6.32 P <0.001).

Fig. 2. Comorbidities/coinfections in PWH at SAC between 2000 and 2018 comparing those with SBSI to those without SBSI. HCV ab = hepatitis C antibody positive (n = 2824 no SBSI,
n = 104 SBSI), Syphilis EIA = syphilis enzyme immunoassay (n = 1566 no SBSI, n = 49 SBSI), CVA = cerebrovascular event, TB=tuberculosis, defined as current disease or latent. Liver
disease is defined as all cause; including persons with cirrhosis or hepatitis. Diabetes including both insulin dependent and not insulin dependent. Neutropenia defined as absolute
neutrophil count <500/mm3. (n = 3253 no SBSI, n = 130 SBSI, unless otherwise specified).
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Table 4
Characteristics associated with PWHwith SBSI between 2000 and 2018, comparing the different staphylococcus species (MSSA, MRSA and CoNS).

Characteristics associated with SBSI Total with SBSI (%) n = 130 CoNS (%) (n = 46) MSSA (%) (n = 50) MRSA (%) (n = 34) *P value

Year of SBSI diagnosis 2000�2005 34 (26.2) 14 (41.2) 19 (55.9) 1 (2.9) 0.003
2006�2011 44 (33.9) 15 (34.1) 11 (25.0) 18 (40.9)
2012�2018 52 (40.0) 17 (32.7) 20 (38.5) 15 (28.9)

Source Hospital acquired 18 (13.9) 10 (55.6) 7 (38.9) 1 (5.6) 0.055
Community acquired 112 (86.2) 36 (32.1) 43 (38.4) 33 (29.5)

Hospitalized No 45 (34.6) 19 (42.2) 18 (40.0) 8 (17.8) 0.247
Yes 85 (65.4) 27 (31.7) 32 (37.7) 26 (30.6)

30-day mortality 12 (9.2) 2 (16.7) 5 (41.7) 5 (41.7) 0.278
1-year mortality 28 (21.5) 8 (35.4) 9 (32.1) 11 (39.3) 0.618
Antimicrobial Prophylaxis No Prophylaxis 65 (50.0) 19 (29.2) 30 (46.2) 16 (24.6) 0.230

Azithromycin 2 (1.5) 0 (0) 2 (100.0) 0 (0)
Septra 35 (26.9) 14 (40.0) 10 (28.6) 11 (31.4)
Azithromycin and Septra 28 (21.5) 13 (46.4) 8 (28.6) 7 (25.0)

On ART No 38 (29.2) 12 (31.6) 19 (50.0) 7 (18.4) 0.191
Yes 92 (70.8) 34 (37.0) 31 (33.7) 27 (29.4)

* P-value obtained from chi-square test. n = 130.
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episode was 491 days (range 33�3121 days). In the person who had 5
episodes, these were all MRSA and separated by a minimum of
209 days. There was one case of polymicrobial SBSI due to MSSA fol-
lowed 6 days later by CoNS-BSI. There were 11 instances where the
recurrent BSI was with a different etiology all separated by at least
57 days. One PWH had a MSSA, MRSA and CoNS bacteremia all during
the study period. The initial MSSA episode was followed by another
MSSA-BSI 164 days later, an MRSA-BSI 82 days later and 273 days
later had a CoNS-BSI. Most recurrent SBSI (60%) and the polymicro-
bial episode occurred in PWID.

3.4. Outcomes analysis

Overall, 423 deaths occurred over the 19-year follow-up periodwith a
total mortality rate of 18.3/1000 patient-years (PY) (95% CI 16.6�20.1).
The mortality rate was greater in those who had SBSI at 74.9/1000 PY
(95% CI 59.2�94.9) compared to those with no SBSI at 16.0/1000 PY (95%
Fig. 4. Cumulative 1-year Survival Curve following SBSI ep
CI 14.4�17.7) generating an unadjusted mortality Hazard Ratio (HR) for
SBSI of 4.88 (95% CI 3.77�6.32 P= <0.001) (Fig. 3). The mortality for per-
sons with SBSI remained higher HR=2.61 (95% CI 1.95�3.49, P= <0.001)
following adjusting for age at HIV diagnosis, ethnicity, sex, CD4 nadir and
HIV risk category when compared to PWHwith no SBSI(Table 5).

Seventy deaths occurred in persons with SBSI over the 19-year
follow-up period with 28 (40%) occurring in the first year following
SBSI. The overall 30-day mortality for all SBSI was 9.2% with 1-year
mortality of 21.5%. The 30-day mortality rate was higher amongst
those with MRSA (14.7%) compared to those with MSSA (10.0%),
however likely due to low numbers this did not reach significance
(P = 0.278). 1-year mortality rates for those with MSSA/MRSA was
23.8%. The rate was higher amongst MRSA (26.5%) compared to those
with MSSA (22.0%), however this did not reach significance
(P = 0.618) (Fig. 4). CoNS had the lowest 30-day mortality (4.3%).
Those with recurrent bacteremia had 30-day mortality rates of 5.7%,
with 1-year mortality being 20.0%.
isodes in PWH for MSSA, MRSA and CoNS. (n = 130).



Table 5
Poisson regression model to assess confounders of the association between SBSI and all-cause mortality over 19 years of fol-
low up, comparing the adjusted with unadjusted HR.

Characteristic Unadjusted HR 95% CI P-Value

Unadjusted HR of all-cause mortality based on SBSI No SBSI 1.00
SBSI 4.88 3.77�6.32 <0.001

Adjusted HR for all-cause mortality in SBSI by different characteristics Adjusted HR 95% CI P-Value

SBSI 2.61 1.95�3.49 <0.001
*Age at HIV diagnosis 1.26 1.13�1.39 <0.001
Sex Male 1.00

Female 0.75 0.56�0.99 0.042
Ethnicity Caucasian 1.00

Indigenous/Metis 1.23 0.93�1.62 0.144
African/Caribbean/Black 0.49 0.27�0.87 0.015
Other 0.37 0.21�0.67 0.001

CD4 Nadir >200 cells/mm3 1.00
�200 cells/mm3 1.50 1.24�1.87 <0.001

PWID No 1.00
Yes 2.04 1.58�2.63 <0.001

HIV Risk Factor gbMSM 1.00
Heterosexual 1.33 1.03�1.71 0.027
Other/Unknown 0.75 0.38�1.45 0.388

Follow up duration is 19 years as morality data was collected until January 1st 2019 to ensure capture of 1 year mortality of
all SBSI evaluated.
* LRT done and shows no evidence that including separate effects for each group, therefore a linear trend was assumed

and reported HR per group.
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Most patients with SBSI (65.4%) were hospitalized with 34.6% being
managed in an ambulatory/community-based healthcare setting. Of
outpatient cases, 40% had MSSA, 17% had MRSA and 42% had CoNS.
While average duration of hospitalization was 31.6 days (range 2�209
days), those with CoNS bacteremia had longer length of stay (LOS) (36.9
days) compared to either types of SAB (LOS MRSA 29.8 days and MSSA
28.31 days). The most common reason for hospitalization for those who
had MSSA BSI was due to cardiac disease or respiratory disease, MRSA
was due to respiratory disease or the bacteremia itself and for CoNS-BSI
was HIV related disease or psychiatric admission (Supplemental Figure
1). Hospitalized cases had a 15% 30-day mortality rate and 25% 1-year
mortality. No deaths occurred in the community treated patients.

HA-SBSI had higher 30-day mortality compared to CA-SBSI, 22.2%
vs 7.1%, (chi-square P = 0.040) as well as higher 1-year mortality
44.4% vs 17.9% (chi-square P = 0.011). Being a CA-pathogen was asso-
ciated with improved 1-year mortality HR=0.33 (95% CI 0.15�0.76,
P = 0.009) (Table 3). Of the 8 persons who died within one-year fol-
lowing HA-SBSI, 2 were MSSA, 1 MRSA and 5 were CoNS. Of persons
with CLABSI, 5/12(41.7%) died within 1-year.

4. Discussion

The greatest association for SBSI among PHIV was seen in persons
with PWID or heterosexual HIV risk factors, with CD4 nadirs less
then 200 cells/mm3, of Indigenous/Metis ethnicity and coinfection
with HCV. The rates of SBSI were greater among heterosexual popula-
tions compared to gbMSM, this is most likely explainable by PWID
status, as those with self-reported IDU (injection drug use) were
more likely to be heterosexual (79%) than gbMSM (21%). As previ-
ously described, rates of SBSI are greater among PWID as well as
HCV-coinfection [12, 26, 27]. There were more episodes of MSSA and
MRSA among PWID than CoNS. There was no significant difference
between age at HIV diagnosis, sex and ethnicity among etiology of
SBSI. A greater proportion of PWID and HCV-coinfected PWH had
MSSA/MRSA rather than CoNS.

Indigenous/Metis populations were at higher risk of SBSI. This
may be attributable to risk from IDU as 47% of Indigenous/Metis per-
sons in our cohort had current or prior self-reported history of IDU
compared to the entire cohort (21%). It is possible that other variables
could be impacting the association such as comorbidities (i.e. Diabe-
tes or CKD [28]) or sociodemographic factors. Other studies have also
identified an association between incidence rates of Staphylococcal
infections and ethnicity [29, 30, 31]. Further data is needed to evalu-
ate specific reasons why differences among ethnicities are seen.

There were significant numbers of reinfection among this cohort,
with 35 episodes being recurrent infections. A large population-based
cohort study identified that SAB reinfection rates in PWH were six-
fold higher than in HIV negative populations [32]. Other risk factors
identified for SAB reinfection include; renal disease, diabetes, liver
disease, peptic ulcer and paraplegia [32]. One study identified HIV
and IDU as independent risk factors for SAB reinfection [9].

PWH with SBSI are at increased risk of mortality and particularly
within the first year following SBSI. The mortality rates between MSSA,
MRSA and CoNS were not significantly different, however this may be
due to a small number of cases. In an earlier study looking at the entire
Calgary Health Region population by Lam et al., the 30-day mortality
rates were 30.6% for MRSA and 21.3% for MSSA [4, 33]. In our PWH
cohort the 30-day mortality rates for MRSA was 14.7%, 10.0% for MSSA
and 4.3% for CoNS. Age has been found to be associated with increased
mortality in SBSI, the average age of our cohort at time of bacteremia
was 46.3 yrs. compared to 62 yrs. in the study by Lam et al. [4, 34]. HA-
SBSI was associated with higher mortality rates as previously shown in
other studies [4, 33]. A small proportion of our cases were HA (13.9%)
compared to the study by Lam et al. (26.1%) [4]. As PWH were younger
at the time of SBSI as well as more cases were CA, this may explain the
reduced mortality rates seen in PWH.

Prior to 2005, there were no cases of MRSA-BSI in our cohort,
however since, there have been 34 cases. Only one was HA-MRSA. A
recent study reported that 52.5% of positive MRSA infections in Cal-
gary between 2004 and 2014 were CA-MRSA [17]. The prevalence
increased substantially from 3.6/100,000 population in 2004 to
41.3 cases/100,000 in 2014 [17]. In our PWH cohort in 2014 the rate
for MRSA bacteremia was 251/100,000 population, which is over
6 times greater than the general population. The rates of CoNS-BSI in
PWH are decreasing with time and there has been relative stability
with MSSA-BSI rates, one possible explanation for this is in the
improvement in management of HIV and greater accessibility to ART.
In our cohort of PWH the number of persons on ART increased from
57.9% in 2000 to 93.4% in 2017 and viral suppression of
<200 copies/mL increased from 79.4% in 2000 to 96.8% in 2017 with
HIV-related annual mortality rate declining from 11% in 1994 to 0.1%
in 2017 [35]. Another explanation for the decline in rates of CoNS and
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MRSA is likely due to improvements in infection control strategies in
hospital and outpatient settings [36-38].

CoNS was more likely to be HA when compared to MSSA and
MRSA and this is likely explained as it is accepted as a common noso-
comial pathogen. Declercq et al. found that out of 54 BSI in a cohort
of PWH, the most common organism identified was CoNS accounting
for 26% of cases [11]. CoNS are also the most common cause of pseu-
dobacteremia [7]. We tried to include only true pathogens by exclud-
ing all cultures with growth of only one specimen from the blood
sample collected. The 1-year mortality rates were higher for MSSA
and MRSA, however there was no strong evidence to suggest this
was significantly different compared to CoNS.

This work does have several limitations. Our population is geo-
graphically defined to Southern Alberta, therefore may not be gener-
alizable to other populations. Due to small numbers of SBSI and
deaths in our cohort, significance may not have been demonstrated
in our analysis, especially when cases were subdivided into groups. It
is possible that there are confounders of these associations that were
not collected and evaluated in this study. Due to missing data for
HCV status, this was not included in the Poisson regression model.
Mortality outcomes were all cause, therefore direct linkage to SBSI
cannot be made, future work should evaluate specific causes of mor-
tality to identify associations among PWH that may benefit from pro-
phylactic measures.

The strength of this study lies in the comprehensive, longitudinal
clinical and microbiologic databases that were utilized. We identified
all PWH with SBSI accessing HIV care and utilized the SAC database
to provide a representative control population of PWH in our region
to optimize the external validity of this study. The duration of cohort
follow-up made it possible to calculate and compare mortality rates
over time and in the different eras of HIV management strategies and
ART availability.

While the incidence rate of SBSI is higher in PWH, the mortality
rate is lower than in the past reported studies on SBSI in the same
general population. PWH with SBSI were however at increased risk
of mortality and particularly within the first year following SBSI.
Higher 1-year mortality rates occurred in hospital-acquired infec-
tions and in gbMSM. While the mortality rates between MSSA, MRSA
and CoNS, were not significantly different, the highest mortality was
among MRSA and least among CoNS. The highest risk of SBSI in PWH
was seen in those with Indigenous/Metis ethnicity, HCV-coinfection,
low CD4 nadir and in PWID. Further investigation is needed in PWH
evaluating host, environment and pathogen differences that lead to
increased rates of SBSI.
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