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Introduction

Staphylococcus aureus is a ubiquitous bacterium colonizing
both healthy and immune compromised hosts and may lead to
life-threatening invasive infections if host defenses are
jeopardized or skin barriers are breached [1]. S. aureus primarily
colonizes the anterior nares [2,3] and prevalence studies in the
general population have reported rates of colonization of
20-30% [4-7]. Colonized patients are at higher risk of developing
S. aureus bacteremia and in 80% of colonized SAB cases the
bacteria are of endogenous origin [5]. Case fatality in the general
population due to SAB remains high and secondary infections
such as endocarditis and spondylitis are frequent [8-9].

Patients treated with hemodialysis are at high risk of
complicated S. aureus infections [10]. S. aureus is the most
common causative pathogen in bacteremias [11] with the
unadjusted Incidence Rate Ratio (IRR) being 78.3 (70.5-86.9) for
SAB in HD patients compared to population controls [12]. HD
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patients are frequently in contact with hospitals, skin barriers
are disrupted, foreign materials are inserted into the blood
stream and immune function is compromised due to uremia, all
factors that render the HD patient vulnerable to SAB. S. aureus
nasal carrier rates are higher in HD patients than in the general
population [13,14] and for HD patients dialyzed via Central
Venous Catheters (CVC) the Relative Risk (RR) of SAB is 3.3 in
nasal carriers compared to non-carriers [15]. Secondary S.
aureus infections, such as endocarditis, prosthetic infections and
osteomyelitis are found in 12-30% of SAB cases [9,16] but it
seems, that mortality due to SAB in HD patients is somewhat
lower than in the general population [12].

In order to determine if SAB infections are endogenous and to
compare strains between different population’s molecular
characterization and typing of S. aureus isolates is needed and
spa typing has shown to be a usable and rapid cost-effective
approach with high reproducibility and ease of use [17]. Spa
typing is based on PCR amplification and sequencing of the
protein A gene. The gene is conserved among S. aureus strains
and is polymorphic and diverse due to deletions and
duplications, making it suitable for discriminatory sequence
typing. More than 19,000 different spa types have been found
that can be grouped into so-called Clonal Complexes (CC), which
in most cases can be deduced from the spa types using the
Ridom spa server and literature searches. Only little is known
about spa types and outcomes, and to our knowledge
comparison of isolates causing SAB in HD patients with isolates
from other patients in the adult general population nationwide
has not previously been done.

The aim of this study was 1) to study S. aureus nasal carriage
at baseline and the risk of subsequent SAB and all-cause death
in patients from five hemodialysis units in Jutland, Denmark and
2) to evaluate if SAB isolates causing disease in HD patients
differs from SAB isolates affecting the general Danish adult
population by means of spa types.

Materials and Methods

Study Design

Patients were enrolled from December 2010 to March 2011 in
this observational cohort study with 5 years of follow-up.
Patients receiving in-center HD at five HD facilities in Jutland,
Denmark (Aalborg, Aarhus, Hjorring, Randers, and Horsens),
were eligible if age was >18 years, if they were on maintenance
in-center HD, and they were able to understand informed
consent.

Data Collection

Written informed consent was obtained from all patients.
Patients underwent blood sampling, physical examination, and
nasal swabbing (cotton swab placed in 6.5% saline broth). Blood
samples were drawn before start of a dialysis session. Medical
history was retrieved from structured patient interviews as well
as medical charts at time of inclusion.

All medical records were reviewed at study entry and thrice
during follow-up by one physician. Patients were followed for 5
years or censored in case of death, cessation of dialysis
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treatment, kidney transplantation, loss to follow-up, or change
in dialysis modality to peritoneal dialysis or home HD. All S.
aureus bacteremias were recorded, as were the length of
hospital stay caused by SAB, bacteremia complications, focus or
foci of bacteremia, and spa type of blood culture isolates. Data
on bacteremias were retrieved from the Departments of Clinical
Microbiology in Aarhus and Aalborg, and spa types of nasal and
SAB isolates were obtained from the Danish reference
laboratory (Statens Serum Institute (SSI), Copenhagen) and
hospital stays as well as complications from review of medical
charts. Aggregated data regarding patients with SAB in the
general population was obtained from the National SAB registry
at SSI and reported in the annual SAB reports (2012-2015) from
SSI. The registry was established in 1957 and contains data on all
SAB cases in Denmark in the period as well as typing and
antimicrobial susceptibility results on all SAB isolates from each
patient. Since 2010, the completeness of the voluntary
submission of SAB isolates to the national surveillance has been
approximately 95%. Danish resident population data used to
calculate incidence rates of SAB in different age groups in the
adult general population were obtained from the Danish
National Bureau of Statistics (https://www.dst.dk).

Exposures and outcomes

We registered S. aureus nasal carriage at inclusion, any
episode of SAB, and spa types. Blood cultures were routinely
drawn in case of fever or when bacteremia was suspected for
other reasons; one positive blood culture with S. aureus was
sufficient to establish the diagnosis of SAB. Recurrence of SAB
was regarded as a new event if more than three weeks had
passed after cessation of antibiotic treatment.

Microbiology

An automated blood-culture system BacT/ALERT (BioMérieux,
France) was used in North Denmark Region (Aalborg and
Hjorring) and the Bactec 9240 system (Becton Dickinson,
Cockeysville, MD, USA) in the Central Denmark Region (Aarhus,
Randers and Horsens).

Each nasal swab was placed in 6.5% NaCl broth and incubated
overnight at 37°C. Culture of S. aureus was done on 5% blood
agar plates (SSI Diagnostica, Denmark) in CO2, and identification
by characteristic green colonies on S. aureus ID agar (SAID;
ChromID S. aureus agar, BioMérieux, France) and a rapid latex
agglutination test (Monostaph Plus, Bionor, Norway).
Antimicrobial susceptibility testing to detect methicillin
resistance was done for cefoxitin on Muller Hinton agar plates (E
and O Laboratories Ltd., Scotland).

S. aureus isolates from nasal swabs and positive blood
cultures were referred to SSI for spa typing [18], spa types were
determined using Bionumerics 6.1 or 6.6 (Applied Maths, Sint-
Martens-Latem, Belgium) and RidomStaphType 1.4 (Ridom
GmbH, Wirzburg, Germany). Finally, the annotated spa types
were approximated to Multi Locus Sequence Typing (MLST) CCs
using the spa server homepage (https://spa.ridom.de/
spatypes.shtml), literature searches, the MLST homepage and
eBURST (http://saureus.mist.net/).

Statistical Analyses
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Baseline data are given as means + standard deviation,
medians with interquartile range or percentages, as appropriate.

Age group comparisons with the adult general Danish
population was done by calculating the sum of all adults in age
groups of 10 vyears from the catchment areas of the
Departments of Clinical Microbiology delivering SAB data to SSI
during the years 2011-2015 (Supplemental text 1).

Prevalence of spa types and CCs is given as percentages of all
bacteremia isolates submitted to the voluntary national
surveillance of SAB at SSI. Difference in risk of bacteremia with
specific spa type/CC compared to the rest of the Danish
population is given as risk ratios with 95% Confidence Interval
(CI) and p-values calculated using Chi-square test or Fisher exact
test when samples were less than 5.

Survival analysis comparing S. aureus nasal carriers to non-
carriers was performed using univariable and multivariable Cox
regression analyses censoring patients experiencing competing
events. For time-to-event analysis of SAB risk, patients were
censored at the time of an event disregarding follow-up time
hereafter. Multivariable survival analysis for all-cause death was
adjusted for age, sex, total time on renal replacement therapy,
body weight, diabetes, smoking habits, history of cardiovascular
disease, and access type/cannulation technique (reference CVC
compared to stepladder cannulation technique used in an
arteriovenous fistula or arteriovenous graft or buttonhole
cannulation in an AVF).

Statistical analyses were performed with STATA (Version 14
MP, Stat Corp, TX, US) and the level of statistical significance was
set at 5%.

Ethics

The study protocol was created in accordance with the ethical
principles of the Declaration of Helsinki and approved by the
Regional Research Ethics Committee of The North Jutland
Region (protocol N-20100041).
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Results

Study Participants

Of 415 patients receiving in-center HD in the five HD facilities,
336 were included in the study (Figure 1). These patients were
followed for a median of 2.5 years (IQR 1.0-4.9) and a total of
911.5 years (453 years with buttonhole cannulated AVFs, 360
years with area/stepladder cannulated AVF, 29.6 years with AVG,
and 68.8 years with CVC). The median age was 67 years and 64%
were males (Table 1). Forty-three percent were S. aureus nasal
carriers at baseline. Active smoking and a history of
cardiovascular disease were more prevalent in non-nasal-
carriers of S. aureus. Otherwise, nasal carriers and non-carriers
had similar baseline characteristics.

415 patients receiving in-center
hemodialysis in 5 facilities

42 patients without ability to understand
"| informed consent or with acute renal failure

-

r

29 patients refused participation

344 patients accepted inclusion

5 patients withdrew consent
3 patients died awaiting enrollment

336 patients included in final analysis

Figure 1: Flow chart depicting patient inclusion from 5
different hemodialysis facilities in Jutland, Denmark

Characteristics Baseline carrier Swab-negative at baseline| All patients N=336
N=143 N=193

Age, years 66.3 (52.4-76.7) 67.1 67.0 (56.5-76.5)

(58.5-76.0)

Age >65 years, N (%) 74 (52) 109 (56) 183 (54)

Male gender, N (%) 92 (64) 123 (64) 215 (64)

Diabetes:

No, N (%) 106 (74) 139 (72) 245 (73)

Type 1, N (%) 14 (10) 9 (5) 23 (6.8)

Type 2, N (%) 23 (16) 45 (23) 68 (20)

Tobacco use:

Never, N 57 (40) 53 (27) 110 (33)

Previous, N 59 (41) 78 (40) 137 (41)
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Active, N 27 (19) 62 (32) 89 (26)
Etiology of ESRD
Diabetic nephropathy, N (%) 24 (17) 38 (20) 62 (18)
Glomerulonephritis, N (%) 22 (15) 19 (9.8) 41 (12)
Vasculitis, N (%) 6 (4.2) 8 (4.1) 14 (4.2)
Hypertension and vascular, N| 18 (13) 28 (15) 46 (14)
(%)
Polycystic kidney disease, N| 13 (9.1) 19 (9.8) 32 (9.5)
(%)
Uropathy, N (%) 8 (5.6) 15 (7.8) 23 (6.8)
Other, N (%) 22 (15) 30 (16) 52 (15)
Unknown, N (%) 30 (21) 36 (19) 66 (20)
Previous cardiovascular| 62 (43) 107 (54) 169 (50)
disease, N (%)
TTRRT, years 3.4 (1.5-10.3) 3.4 (1.4-7.1) 3.4 (1.4-8.1)
HD vintage, years 2.5(1.0-6.1) 2.4 (0.9-5.0) 2.5(1.0-5.3)
Vascular access:
AVF, N (%) 119 (83) 167 (87) 286 (85)
AVG, N (%) 4 (2.8) 4 (2.1) 8 (2.4)
CVC, N (%) 20 (14) 22 (1) 42 (13)
Self-cannulation, N (%) 11(7.7) 13 (6.7) 24 (7.1)
Access vintage, years 2.3(0.9-6.2) 2.0(0.9-4.4) 2.1 (0.9-4.9)
HD frequency, sessions/week
<3,N (%) 28 (20) 32 (17) 60 (18)
3, N (%) 102 (71) 147 (76) 249 (74)
>3, N (%) 13 (9.1) 14 (7.3) 27 (8.0)
Statin treatment, N (%) 45 (31) 74 (38) 119 (35)
Erythropoietin treatment, N (%) | 127 (89) 179 (93) 306 (91)
Iron treatment, N (%) 111 (78) 145 (75) 256 (76)
Immunosuppressive treatment,| 15 (10) 13 (6.7) 28 (8.3)
N (%)
Immunosuppressive  last 6|4 (2.8) 5(2.6) 9 (2.7)
months N (%)
Active cancer at inclusion, N| 8 (5.6) 14 (7.3) 22 (6.5)
(%)a
Previous cancer, N (%)a 1(7.7) 27 (14) 38 (11)
C-reactive protein, mg/l 6.3 (2.2-14.2) 5.4 (2.4-15.4) 5.8 (2.3-15.0)
Antibiotics at inclusion, N (%) 8(5.6) 19 (10) 27 (8.0)
Antibiotics last month, N (%) 17 (12) 32 (17) 49 (15)
(So/u;)jective sign of infection, N| 23 (16) 35 (18) 58 (17)
o
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Objective signs of infection, N| 11 (7.7) 22 (11) 33 (10)
(%)

Positive blood culture, all, N (%) | 6 (4.2) 9(4.7) 15 (4.5)
Positive blood culture from| 0 (0) 2 (1.0) 2 (0.6)

peripheral vein, N (%)

Blood culture with CoNS, N (%) | 5 (3.5) 8(4.1) 13 (3.9)
Blood culture with| 1 (0.7) 1(0.5) 2(0.6)

Staphylococcus aureus, N (%)

Table 1: Baseline demographic characteristics of hemodialysis patients by Staphylococcus aureus carrier status at baseline

Data are presented as means + SD, medians (range of 25th to
75th percentiles) or percentages where appropriate. ESRD- End
Stage Renal Disease; TTRRT- Total Time on Renal Replacement
Therapy; HD-Hemodialysis; AVF-Arteriovenous Fistula; AVG-
Arteriovenous Graft; CVC-Central Venous Catheter; CoNS-
Coagulase Negative Staphylococci; except basal cell carcinoma
and squamous cell carcinoma of the skin.

S. aureus bacteremia

During the entire follow-up, 5 0 patients ex perienced 72
episodes of SAB, all methicillin susceptible S. aureus isolates.
Twenty-five patients had 29 SAB episodes within the first year of
follow-up. A single episode of SAB was observed in 38 patients,
whereas eight patients experienced two episodes of SAB, and
four patients had three or more episodes yielding a total
Incidence Rate (IR) of 79.0 per 1,000 Person-Years of Follow-Up
(PYFU) (IR of first SAB: 54.9 per 1,000 PYFU). More men than
women had SAB (75% men vs. 25% women — and the Incidence
Rate Ratio (IRR) was 1.90 (95% ClI 1.01 — 3.58) for men compared
to women). At time of infection 14 patients were dialyzed using
a CVC, nine were using stepladder/area cannulation technique
(eight in AVFs and one in an AVG), and 49 were using buttonhole
cannulation technique. The median age at first SAB was 67.9

years (IQR: 60.4-73.6). In contrast to the general adult Danish
population where SAB incidence rates increased across age
groups we observed a comparable rate in the age groups, except
for a decline in the age group 80+ (Figures 2 and 3).

Characterization of SAB strains and comparison with the
general population

Sixty-nine isolates from 47 patients were available for spa
typing; one isolate was spa PCR-negative. A total of 45 different
spa types were identified, of which 32 spa types were observed
only once. The 13 remaining spa types comprised 52% of all
isolates, with t630 (n=5), t230 (n=4) and t648 (n=4) being the
predominant ones (Table 2). Compared to the adult Danish
population from 2011-2015 we observed a higher prevalence of
spa type’s t630, t648 and t189 along with three other types
observed in very small numbers (Table 2). The prominence of
t630 and t648 were mainly caused by recurrences in one HD
patient. The three patients experiencing SAB with spa type t189
were dialyzed in the same HD facility and were non-carriers at
baseline. These SABs occurred 7 and 11 months apart. Two SAB
cases involving t474 in two patients occurred within one facility
as well = 14 months apart.

spa type HD cohort Adult general population Risk ratio
2011-2015 (69 samples) SSI12011-2015 (8230 samples) | (95% CI)
N (%) N (%)
630 5(7.2) 23(0.3) 25.9 (10.2-66.2)a
t230 4 (5.8) 419 (5.1) 1.1 (0.44-3.0)
1648 4 (5.8) 8 (0.1) 59.6 (18.4-193)a
1189 3(4.3) 73(0.9) 4.9(1.6-15.2)b
t021 3(4.3) 180 (2.2) 2.0 (0.65-6.1)
t091 3(4.3) 223 (2.7) 1.6 (0.53-4.9)
t002 2(2.9) 329 (4.0) 0.73 (0.18-2.9)
t008 2(2.9) 189 (2.3) 1.3 (0.32-5.0)
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t015 2(2.9) 238 (2.9) 1.0 (0.25-3.9)
t346 2(2.9) 79 (1.0) 3.0 (0.76-12.0)
t474 2 (2.9) 1(0.01) 252 (23-2744)a
t121 2(2.9) 5 (0.06) 42 (8.6-204) b
t530 2(2.9) 2(0.02) 126 (18-881)a

Table 2: Predominant spa types among Staphylococcus aureus bacteremia isolates from hemodialysis patients in five facilities in
Jutland — compared to Staphylococcus aureus bacteremia isolates from Danish adults

HD-Hemodialysis; SAB-Staphylococcus aureus Bacteremia; SSI-
Statens Serum Institute (the Danish Reference laboratory for
Staphylococcus aureus) — excluding isolates from our cohort; pts,
patients; ap <0.001; bp<0.05

Putative assignment to MLST CC was possible for 62 isolates
(90%). In the remaining 10%, assignment was not possible due
to a low number of repeats in the spa type (<5) or an unresolved
relationship with MLST typing [13-17].

A total of 11 CC groups were assigned. The three most
prevalent groups CC45, CC30 and CC8 accounted for 54% of the
SAB isolates (Table 3). Compared to isolates from SAB in the
adult general Danish population from 2011-2015 we found a
slightly higher frequency of CC8 (RR 2.1(95% Cl 1.19-3.77)) in our
cohort, mainly caused by recurrences in one patient. All other
CCs were distributed similarly in our cohort of HD patients and
the general population.

Clonal complex HD cohort Adult general | Relative risk Number of different
population spa-types (most
prevalent type(s))
2011-2015 SSI  2011-2015 (8230 (95% CI)
samples)
(69 samples) N (%)
N (%)
CC45 17 (24.6) 1496 (18.2) 1.36 (0.89-2.1) 9 (630, t230)
CC30 10 (14.5) 1079 (13.1) 1.11 (0.62-2.0) 8 (t021, t021)
CCs8 10 (14.5) 571 (6.9) 2.09 (1.2-3.7)b 4 (1648)
CC15 7 (10.1) 890 (10.8) 0.98 (0.46-1.9) 6 (t346)
CC22 5(7.2) 262 (3.2) 2.3 (0.97-5.3) 4 (t474)
CC1 4 (5.8) 655 (8.0) 0.73 (0.28-1.9) 2 (t189)
CC5 3(4.3) 666 (8.1) 0.54 (0.18-1.6) 2 (t002)
CC7 3(4.3) 270 (3.3) 1.3 (0.44-4.0) 1 (t091)
Othersa 3(4.3) 1123 (13.6) - 3
unknown 6 (7.2) 1145 (13.9) - 6
Negative PCR 1(2.9) 73 (0.9) - N/A
Table 3: Clonal Complexes among Staphylococcus aureus bacteremia isolates from hemodialysis patients in five

facilities in Jutland — compared

SSI-Statens Serum Institute (the Danish Reference laboratory
for Staphylococcus aureus); Cl-Confidence Interval; PCR-
Polymerase Chain Reaction aCC59, CC121, CC151; bp<0.05

to Staphylococcus aureus bacteremia isolates from Danish adults

S. aureus colonization
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At baseline 143 patients (43%) were S. aureus nasal carriers —
one patient with two strains. A total of 80 different spa types
were found, with 13 of the most prevalent types comprising 42%
of all isolates (Supplemental Table 1) and 55 types were found
only once. Twenty-one percent of baseline carriers developed
SAB during follow-up (60% of first time SAB) compared to 10% of
non-carriers (hazard ratio (HR) 2.63 (95% Cl 1.49-4.64) for a
baseline carrier compared to a non-carrier). Nineteen cases of
SAB (26%) were caused by an isolate with a spa type identical to
the nasal isolate cultured at baseline and were considered
endogenous. These SAB occurred within a range from 60 to
1305 days after inclusion. Baseline carriers of spa type’s t091,
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1094, t171, t223 and t5475 all developed SAB with the same spa
type during follow up (Table 4) and for comparison none of
seven carriers of t084 developed endogenous SAB. Adding to the
amount of possible endogenous SAB, 8 of the total 72 events
were recurrences with the same strain as the prior event.
Smoking was less frequently associated with S. aureus
colonization. Evaluating whether this reduced carrier rate had an
impact on SAB risk yielded a HR for SAB of 2.5 (95% ClI 1.1-5.6)
for a never-smoker compared to an active smoker in an age and
sex adjusted model. However controlling for S. aureus carrier
status in the Cox model rendered the result non-significant.

spa type Nasal carriage at baseline Later SAB with same spa type| Clonal complex
(endogenous) N

N
t002 9 1 CC5
t084 7 0 CC15
t230 6 3 CC45
t015 6 2 CC45
t012 5 1 CC30
t127 4 0 CcC1
t026 4 0 CC45
t216 4 0 CC59
11494 4 0 CC15
t008 3 1 CCs
t021 3 2 CC30
t375 3 0 CC509
t701 3 0 CC8

Supplemental Table 1: Predominant spa types among S. aureus nasal carriage isolates

hemodialysis in five facilities in Jutland, Denmark.

SAB-Staphylococcus aureus Bacteremia

from patients treated with

spa type Clonal complex Nasal carriers at baseline, N | Nasal carriers at baseline
with later SAB with same spa
type, N

t230 CC45 6 3

t091 ccv 2 2

t015 CC45 6 2

t021 CC30 3 1

© Copyright iMedPub
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t002 CC5 9 1
t008 Ccc8 3 1
t012 CC30 5 1
t089 CC30 2 1
t094 CC15 1 1
t171 cc121 1 1
t223 CC22 1 1
t550 CC45 2 1
t5475 Unknown 1 1
Table 4: spa types in baseline nasal swabs causing Staphylococcus aureus bacteremia in patients treated with

hemodialysis in five facilities in Jutland, Denmark.
SAB- Staphylococcus aureus Bacteremia
Secondary SAB infections

Thirteen patients experienced 14 cases of secondary SAB
infections (endocarditis (n=11), spondylitis (n=3), septic arthritis
(n=1), and CNS infections (n=2)) — hence 15% of SAB episodes led
to endocarditis. In comparison 11% of episodes in the general
population led to endocarditis [13-17]. Of 13 patients
experiencing a secondary SAB infection, only one was an active
smoker. The isolates causing secondary SAB infections were of
14 different spa types and 12 different CCs (Supplementary Table
2). In three cases the patients were nasal carriers at baseline of
the same spa type that later caused secondary SAB infection.

Mortality

A total of 200 patients died, 31 of these because of cessation
of HD treatment due to severe multimorbid conditions. Of the
remaining 169 deaths during follow-up 43 (25%) were caused by
infection. Nine patients died within 30 days of a SAB (12.5%),
and these SABs were caused by S. aureus isolates with nine
different spa types. Of interest, four of these SAB (44%) were
caused by CC 45 and only one of the nine was found in nasal
carriage at baseline. Three of nine case fatalities were in
patients who were nasal carriers of different strains at baseline.
For comparison, the 30-day case fatality from SAB in the Danish
adult population was 24.0% in the years 2011-2015. The case
fatality rate in our cohort was comparable with the general
population in all age groups up to 70 years, with declining rates
in older HD patients whilst increasing in the general population
(Figure 4). Looking at all-cause mortality, baseline nasal carriers
had a significantly increased risk of death with a HR of 1.46 (95%
Cl 1.08-1.98) in univariable analysis compared to non-carriers
(Figure 5). Adjusting for several possible confounders in
multivariable Cox regression analysis yielded a HR of all-cause
death for carriers of 1.65 (95% ClI 1.20-2.27) compared to non-
carriers with increasing age, male sex, previous cardiovascular
disease, and presence of a CVC being positively associated with
mortality.

~

o

Percentage

15 7
.

18-30 31-40 41-50 51-60 61-70 71-80 80+

Age categories, years

30 day case fatality - G.P. [230 day case fatality - HD

Figure 2: Crude 30 days case fatality of Staphylococcus aureus
bacteremia in the adult Danish population compared to a cohort
of Danish hemodialysis patients

G.P-General Population; HD-Hemodialysis

8
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Suvival time, years
Number at risk
Non-carrier 193 149 120 92 72 56
Carrier 143 102 76 55 36 24
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Figure 3: Kaplan-Meier survival curves of baseline

Staphylococcus aureus nasal carriers and non-carriers in a cohort
of Danish hemodialysis patients
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Discussion

This prospective multicenter study is to our knowledge the
first to compare S. aureus isolates causing bacteremia in HD
patients with isolates causing SAB in the adult general Danish
population by means of spa types and clonal complexes.
Furthermore, we report significantly increased risk of death in
nasal carriers of S. aureus compared to non-carriers and confirm
prior findings of an increased risk of SAB in carriers.

In line with previous studies [6,7,19] we found the nasal
carrier rate to be lower in active smokers compared to non-
smokers. A possible explanation for this might be the toxicity of
smoke and its ability to inhibit the growth of gram-positive
bacteria [20]. In contrast to a study reporting an increased risk of
bacteremia in active smokers [21] we found that smoking might
reduce the risk of SAB, a finding that was not significant when
adjusting for S. aureus nasal carrier state. Even though a recent
in vitro study [22] found cigarette smoke to alter the virulence
profile of S. aureus and causing the isolates to become
associated with persistent infection we did not find SAB
episodes in smokers to be more severe than in non-smokers.

The IR of first SAB in HD patients was high (54.9 per 1,000
PYFU), which corresponds well to previous Danish nationwide
studies of HD patients. Nielsen et al.15 found an overall IR of
46.3 per 1,000 PYFU from 1992-2009 including all hemodialysis
patients in Denmark. Another study of a similar cohort [23]
found the IR to increase over the study period (1996-2011).

In contrast to the general Danish population where the IR of
SAB continues to increase with increasing age, our results were
not affected by age. This finding might partly be explained by
the distribution of cannulation techniques across age groups in
our cohort where buttonhole users were younger than
stepladder users. We have recently showed, that buttonhole
cannulation technique increases the risk of SAB more than 6 fold
compared to stepladder/area cannulation [24].

The spa type t189 caused SAB more often in our cohort of
dialysis patients compared to the general population. All cases
of t189 SAB occurred in one HD facility during a 1.5 years period.
Spa t474 was also more common among HD patients, but again
this finding was restricted to a single HD unit. Type’s t630 and
t648 were in the top three of SAB-causing spa types in our
cohort, but this finding was driven by multiple recurrences in
one patient. Thus, we found statistically significant differences in
the spa types causing SAB in our HD patients compared to the
Danish population, but these differences are probably caused by
in-facility transmissions and recurrences rather than specific
strain characteristics that gives the isolate greater opportunity
to cause SAB in HD patients.

In a study comparing 100 SABs in HD patients with 100 SABs
in post-surgical patients in the US [25] CC8 was most prominent
in HD patients and CC30 in surgical patients. Our data are in
accordance with the high prevalence of CC8 among HD patient,
but the finding was mainly driven by recurrences in one patient.
In contrast to our study McNiclolas et al. [26] found in a small
study that CC45 was less prevalent among Irish HD patients
compared to non-HD patients.
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Our baseline S. aureus carrier rate of 43% is in line with recent
reports [13, 14]. Young et al. [2] showed that at single nose swab
in healthy individuals detected the majority of carriers, and that
88% of positive patients when swabbed once were persistent
carriers. In 86 German HD patients Scheuch et al. [14] recently
showed that an average of 40% of HD patients were carriers in
cross-sectional analyses and 65% were carriers longitudinally -
only 6% were carriers of the same strain of S. aureus throughout
the sampling period of 25 months. Nineteen of our patients
developed SAB up to 3.5 years after inclusion with an isolate of
the same spa type as found in nasal swab at baseline, indicating
that most of the persistent carriers developed endogenous SAB.
Verhoeven et al. [27] found that HD patients that were
persistent carriers of S. aureus had an increased risk of
endogenous S. aureus infection compared to non-persistent
carriers, which confirmed previous data in peritoneal dialysis
patients [28].

In contrast to some previous studies [16, 29] we did not find
associations between CC of SAB isolates and risk of secondary
infections. Neither did Lilje et al. [30] find any genetic
associations in SAB isolates to infective endocarditis using whole
genome sequencing in 241 samples, suggesting that any
opportunistic pathogen given the optimal conditions in the host
may have the ability to cause endocarditis from bacteremia.

The 30-day case fatality after SAB of 12.5% in the present
study was low compared to the general Danish population. A
recent study [31] found SAB with CC8 and CC5 to be associated
with higher mortality in a large cohort including 12% dialysis
patients. Patients in our cohort were not infected less frequently
with these CCs than the general population. We have too few
case fatalities to exclude the presence of a strain related
mortality risk, but the lower mortality observed among HD
patients with SAB compared to the general population is
probably due to early diagnosis, early initiation of correct
therapy, and fewer cases in the older more frail age groups
rather than to spa types and clonal complexes. The low rate of
Methicillin Resistant S. aureus in blood isolates in Denmark
might also play a role in an overall favorable outcome of SAB (ref
Cassini 2019). In our cohort no cases of MRSA bacteremia was
observed. In the general population, the rates of SAB caused by
MRSA are also low at 1.9% of all isolates in the years 2011-2015
combined (ref 2011-2015), and despite an increase in detected
MRSA-isolates over recent years, specially live-stock associated,
(ref MRSA 2018) the rate of invasive infection remains relatively
constant (1.6% in 2018)(ref MRSA 2018).

All-cause mortality in the present study was higher in carriers
than in non-carriers, also in adjusted analysis. This finding is in
contrast to other studies, that found either no difference [32,33]
or a higher mortality in non-carriers [14]. However, these three
studies were smaller in sample size and/or shorter in duration of
follow-up compared to our study, which might explain the
discrepancy. Whether eradication of carrier state abolishes the
increased risk of death remains to be elucidated. Price et al. [34]
did not find difference in all-cause mortality risk in HD patients
that were successfully eradicated compared to patients where
eradication failed.
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Limitations: A limitation to our study is the lack of repeat
nasal swabs for S. aureus nasal carriage to distinguish between
persistent and transient carriers. Extra-nasal, e.g. pharyngeal
carriage e.g. pharyngeal does occur, and sampling from these
sites might have increased the detection rate [2]. Without whole
genome sequencing we cannot be certain, that two isolates of
the same spa type found in a patient, is in fact similar.
Furthermore, in our approach for preparation of figure 2, 3, we
might have overestimated slightly the size of the population and
potentially underestimated the SAB incidence (Supplemental
text 1). At SSI two identical isolates drawn one month apart from
the same patient were regarded as two separate SAB events,
even though the patient still may be receiving treatment for
secondary infections (e.g. endocarditis) — hence potentially
overestimating the true incidence of SAB in the general
population.

Percentage

Agedistribution GP.  —gm=Agedistribution HD |

Figure 4: Age distribution of Staphylococcus aureus
bacteremia patients in the general Danish population and in a
cohort of Danish hemodialysis patients —2011-2015
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Figure 5: Crude incidence rate of Staphylococcus aureus
bacteremia in the adult Danish population compared to a cohort
of Danish hemodialysis patients

Y-axis on logarithmic scale. SAB-Staphylococcus aureus
Bacteremia; G.P-General Population; HD-Hemodialysis

In conclusion, we found that 43% of HD patients in a large
multicenter cohort were S. aureus nasal carriers at baseline. We
found that not only did these carriers have an expected
increased risk of SAB; they also showed significant increased risk
of all-cause death in multivariable analysis. Compared to the
general population, we found a significantly different
distribution of S. aureus spa types from blood isolates in our
cohort, but these differences are probably due to recurrences
and facility transfers rather than specific strain characteristics
that facilitate easier access to the circulation of hemodialysis
patients.

Supplemental material:

Supplemental Table 1: Predominant spa types among S.
aureus nasal carriage isolates from patients treated with
hemodialysis in five facilities in Jutland, Denmark.

Supplemental Table 2: Spa types causing secondary infection
among S. aureus bacteremia isolates from patients treated with
hemodialysis in five facilities in Jutland, Denmark.

spa type Clonal complex Same spa type at baseline? Type of infection

t002 (1/2) CC5 no Spondylitis

t005 (1/1) CC22 no Endocarditis + spondylitis +
encephalitis

t015 (1/2) CC45 yes Spondylitis

t171 (1/1) CC121 yes Endocarditis

t189 (1/3) CC1 no Endocarditis

t223 (1/1) CC22 yes Endocarditis
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t238 (1/1) CC30 no Endocarditis

t279 (1/1) CC15 no Arthritis

t487 (1/1) CC45 no Endocarditis

t529 (1/1) CC151 no Endocarditis + meningitis
t530 (1/2) CC8 no Endocarditis

t3599 (1/1) CC59 no Endocarditis

19392 (1/1) Unknown no Endocarditis

unable to type unable to type N/A Endocarditis

Supplemental Table 2: spa types causing secondary infection among S. aureus bacteremia isolates from patients treated with

hemodialysis in five facilities in Jutland, Denmark.

Supplemental Text 1: Calculation of size of reference
population divided into age groups

The size of the reference population was calculated using data
from the Danish National Bureau of Statistics ( https://
www.dst.dk/). Strains causing SAB in HD patients were
compared to strains causing SAB in the general adult Danish
population. The adult general population was in this case
defined as persons >18 years residing in the catchment areas of
the Departments of Clinical Microbiology (DCM) delivering SAB
data to SSI during the years 2011-2015.

For each year the population size was evaluated at the 1st
of January, disregarding any deaths or emigrations. The
population was divided into age categories (18-30, 31-40,
41-50, 51-60, 61-70, 71-80 and 80+) based on a residents age
on the 1st of January in a given year. All Danish DCMs but one
delivered data to SSI during the vyears 2011-2015. In
2011-2013 plus the first six months of 2014 the DCM in
Sonderborg, did not submit SAB isolates, hence the
reference population was comprised of all Danish adults with
residents from the counties of Aabenraa, Sonderborg, Tonder
and Haderslev deducted in the first 3.5 years.
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