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Abstract

The study was performed to assess potential differences in the etiological relevance of two coagulase-negative staphylococci
(CoNS), Staphylococcus haemolyticus and Staphylococcus hominis, in an observational single-center study. Over a 5-year
interval, patients in whom there was detected S. haemolyticus or S. hominis of presumed etiological relevance were assessed
for the primary endpoint death during hospital stay and the secondary endpoint transfer to an intensive care unit (ICU) after the
detection of S. haemolyticus or S. hominis. Patients with S. haemolyticus or S. hominis died in 11.3% (50 out of 444) and 9.5% (60
out of 631) of cases, respectively, and were transferred to ICU after S. haemolyticus and S. hominis detection in 8.7% (19 out of
219) and 11.7% (44 out of 377) of cases, respectively. There was no significance for species-related influence on the primary
outcome parameter (P> 0.1), while ICU transfers were more likely for patients with S. hominis detections (P = 0.016). Delayed
diagnosis of both CoNS species was associated with an increased probability of death (P =0.009). The study revealed compa-
rable morbidity caused by S. haemolyticus and S. hominis identified in a clinically relevant context.
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Introduction

Coagulase-negative staphylococci (CoNS) are part of the
core composition of the microbiota of the human host’s
skin and mucous membrane surfaces [1, 2]. Thus, CoNS
are frequently detected from nonsterile compartments in
the microbiological diagnostic routine [3]. However, they
may prove etiologically relevant depending on the source
and the individual host susceptibility. Although—com-
pared with Staphylococcus aureus—CoNS lack most vir-
ulence factors responsible for invasiveness, they may
cause significant infections based primarily on species-
and strain-specific abilities to adhere to surfaces and to
form biofilms [4].

Staphylococcus haemolyticus is the second most frequently
identified CoNS species in blood culture materials [5-7].
Moreover, S. haemolyticus accounts substantially for foreign
body-related infections and infections in preterm newborns
[8—10]. In contrast, invasive infections due to Staphylococcus
hominis are less commonly reported [11-13], comprising par-
ticularly cases of nosocomial bloodstream infections. Strains
of both species carry the potential for biofilm formation of
putative etiological relevance, with biofilm formation being
more strain-dependent than species-dependent [14, 15]. Only
S. haemolyticus shows hemolytic activity [6, 16, 17]. Recently,
phenol-soluble modulins (PSM)—toxins known to have broad
cytolytic activity—have been described for S. haemolyticus,
including a new «-type PSM [17].

To assess potential differences between the etiological rel-
evance of S. haemolyticus and that of S. hominis, an observa-
tional study was performed in a single-center design at the
University Medicine Rostock, Germany, during a 5-year in-
terval between 2007 and 2012. Data were included in the
assessment from all inpatients for whom S. haemolyticus and
S. hominis were differentiated to species level due to
suspected clinical relevance.

Patients and methods
Study design

The assessment was conducted as a single-center retrospective
observational study between the years 2007 and 2012.
Inclusion criteria were as follows:

Cases were identified by screening the laboratory informa-
tion system (LIS) of the DIN EN ISO 15189-accredited
Institute for Medical Microbiology, Virology and Hygiene of
the University Medicine Rostock, Germany, for the search
terms Staphylococcus haemolyticus and Staphylococcus
hominis. As demanded by the institute’s standard operating
procedures, differentiation of CoNS is performed only if etio-
logical relevance is suspected by the investigator.
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The bacterial isolates assessed in this study were identified
using VITEK 2 identification cards (bioM¢rieux, Marcy-
I’Etoile, France) or matrix-assisted laser-desorption-
ionization time-of-flight mass spectrometry (MALDI-TOF-
MS) with a Shimadzu/Kratos “AXIMA Assurance”
MALDI-TOF mass spectrometer (Shimadzu Germany Ltd.,
Duisburg, Germany). Alpha-cyano-4-hydroxycinnamic acid
preparation was done as described by the manufacturer
(bioMérieux) for all strains prior to MALDI-TOF assessment.
The Vitek MS-ID IVD-mode database version 3.2.0.-6.
(bioMérieux) allowed for the analysis of the spectral finger-
prints. The equivalence of the two methods in terms of dis-
criminatory power was demonstrated by a minimum of 20
parallel measurements for each species during the establish-
ment of the MALDI-TOF-MS system in the laboratory as
mandated for accredited laboratories in Germany. In addition,
equivalence was repeatedly confirmed in the literature
[18-21]. Antibiotic resistance patterns were determined using
the appropriate VITEK 2 cards.

Cases were included and assessed anonymously after the
removal of copy strains in the case of inpatients of the
University Medicine Rostock. Each patient was counted only
once.

Data were anonymously extracted from the patient case
files as detailed below and collected in Microsoft Excel
worksheets for further assessment.

Outcome parameters

A primary and a secondary outcome were defined. The pri-
mary outcome was death during hospital stay. The secondary
outcome parameter was transfer to an intensive care unit
(ICU) after the isolation of S. haemolyticus or S. hominis from
the patients in the course of the hospital stay.

Assessed factors potentially affecting the outcome

As well as the identification of S. haemolyticus and S. hominis,
a broad variety of factors was documented to assess their
effects on the outcome parameters. The parameters assessed
comprised continuous parameters such as age, duration of
hospital stay, and day of pathogen detection after admission
to hospital, and also noncontinuous parameters such as gen-
der, documented intensive care procedures and documented
invasive procedures, documented medical disorders (cardiac,
dermatological, ear-nose-throat, gastrological, hematological,
metabolic, neurological, orthopedic, pneumological, sepsis,
solid cancers, urological, vascular, wound infections, and oth-
er diseases), application of immunosuppressive drugs, cyto-
static drugs and antibodies, fever (defined as body tempera-
ture >38.5 °C), left shift of leukocytes, leukopenia, surgical
interventions, and the adequate treatment of all isolated CoNS
strains by the antibiotic drugs applied.
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Sample materials in which S. haemolyticus and S. hominis
were identified were categorized as blood cultures, cerebro-
spinal fluid, deep respiratory secretions, noninvasive swabs,
other invasively sampled body fluids, urine, and tissues.
Wards were categorized as ICU, surgical wards, and nonsur-
gical wards. Additionally detected accompanying bacterial
flora were clustered as eight so-called accompanying bacterial
categories (ABC): nonfermentative rod-shaped bacteria (ABC
1); environmental or colonizing Gram-positive cocci and rod-
shaped bacteria (ABC 2); fungi (ABC 3); anaerobic bacteria
(ABC 4); Enterobacteriaceae (ABC 5); Enterococcus spp.
(ABC 6); Haemophilus spp. and Moraxella spp. (ABC 7);
and Streptococcus spp. (ABC 8). Mycobacterium tuberculosis
and Staphylococcus aureus, as bacteria with assured or highly
likely etiological relevance, were assessed by species.

A table showing the distribution of both the outcome pa-
rameters and the potential factors is presented in
Supplementary material 1 for both S. haemolyticus and S.
hominis. A distribution of the detected antimicrobial resis-
tance by strain—not by patient—is given in Supplementary
material 2. Finally, exposure to antibiotic drugs is presented in
Supplementary material 3, again by isolate not by patient.

Inclusion criteria

Patients were included if either S. haemolyticus or S. hominis
was identified in the microbiological laboratory in any sample
material and if clinical information from the case files was
available.

Exclusion criteria

The exclusion criterion for the assessment of both outcome
parameters was lack of access to the patient-specific case files
for organizational reasons. Incompleteness of the assessable
dataset was not an exclusion criterion but led to a reduction in
the number of interpretable cases. For the assessment of the
secondary outcome parameter, patients were additionally ex-
cluded if they were at the ICU from the beginning of their
hospital stay or if they were not in the ICU during their hos-
pital stay at all.

Statistical assessment

Statistical assessment was based on a Poisson regression
model, which was used to identify relevant associations for
the outcome parameters by backward selection. Factors with
P> 0.1 were excluded from the model. Using this approach,
parameters that were originally included in the analysis can
be excluded step-by-step to identify the truly relevant param-
eters. The modeling was performed as described in detail
elsewhere [22].

Rep-PCR-based typing

Rep-PCR-based typing was performed as described by the
manufacturer on a subset of the assessed strains using the
DiversiLab Staphylococcus kit (BioMerieux, Niirtingen,
Germany) to demonstrate clonal diversity of the isolates.
The strains were chosen randomly to avoid bias due to poten-
tial epidemiological association of isolation events. In fact,
care was taken to restrict the analysis to only one isolate if
even the suspicion of local epidemic transmission was present.
Hence, if clusters were revealed during this assessment, at
least they were not recognizable a priori from the clinical-
epidemiological point of view.

Ethical clearance

Ethical clearance for the assessment was obtained from the
Ethics Committee of the University Medicine Rostock
(Registration number A 2012-0129). The study was per-
formed in accordance with the ethical standards laid down in
the 1964 Declaration of Helsinki and its later amendments.

Results
Study population

After removal of copy strains, the study population for which
clinical data could be retrieved from case files of 1164 patients
comprised 483 inpatients with S. haemolyticus detection of
presumed etiological relevance and 681 inpatients with poten-
tially relevant S. hominis isolations. The coverages of the as-
sessment as compared with the total numbers of patients with
S. haemolyticus or S. hominis detections during the study in-
terval from 2007 to 2012 were 91.9% (444 out of 483) and
92.7% (631 out of 681), respectively.

Using the antimicrobial resistance data of all isolated
strains at all times of isolation, i.e., 598 S. haemolyticus and
745 S. hominis strains (Supplementary material 2), and the
information on the antimicrobial therapy applied for these
isolates (Supplementary material 3), it was assessed whether
the antimicrobial therapy administered was appropriate for the
CoNS isolates recovered from the patients. Appropriate anti-
biotic therapy was assumed if an isolate was tested as suscep-
tible for at least one of the antibiotic drugs used. While nearly
two out of three S. hominis isolates were treated adequately by
the antibiotic drugs used, this was the case for only slightly
less than half of the S. haemolyticus isolates (Table 1). With
the focus not on isolates but on assessed patients, the percent-
ages were similar. Isolates of 63.3% of patients with S.
hominis (n =431) were treated adequately, but isolates of only
44.3% of patients with S. haemolyticus (n=214) (Table 1,
Supplementary Material 1).
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Table 1 Appropriateness of the
choice of antibiotic treatment
according to the susceptibility
profiles of isolated CoNS.
Assessment was performed by
isolate and by patient, resulting in
higher numbers of assessed
isolates than of patients in the
study due to the exclusion of copy
strains in the latter case

Adequate
Not adequate

Assessment impossible due to
incomplete datasets

Adequate
Not adequate

Assessment impossible due to
incomplete datasets

Assessment of antibiotic therapy according
to the CoNS’ susceptibility profile

Assessed S. hominis isolates Assessed S. haemolyticus

(n="745) isolates (n =598)
472 (63.4%) 286 (47.8%)
259 (34.8%) 292 (48.8%)
14 (1.8%) 20 (3.4%)

Assessed patients with
S. hominis (n=681)

Assessed patients with S.
haemolyticus (n =483)

431 (63.3%) 214 (44.3%)
237 (34.8%) 250 (51.8%)
13 (1.9%) 20 (4.1%)

Assessment of the primary study endpoint “death
during the hospital stay”

Within the assessed cohort of patients with either S.
haemolyticus or S. hominis, there was no statistical relevance
of the species for the primary endpoint “death.” The outcome
parameter could be extracted from the case files of 1075 pa-
tients, i.e., 444 patients with S. haemolyticus and 631 patients
with S. hominis. Patients with S. haemolyticus and with S.
hominis died in 11.3% (n = 50) and 9.5% (n = 60) of instances,
respectively.

Stay in intensive care units was strongly associated with the
endpoint death during hospital stay. Other factors associated
with an increased risk of dying comprised concomitant detec-
tion of the pathogen S. aureus, hematological disease, sepsis,
increased patient age, increased number of days in hospital
prior to the detection of the CoNS, and left shift in white blood
cell microscopy. In contrast, neurological disorders, ear-nose-
throat disease, dermatological disease, wound infections,

increased hospital stay, and previous surgery were protective-
ly associated factors (Table 2). Adequate treatment with the
applied antibiotic drugs according to the susceptibility profiles
of the recovered isolates did not show any significant effect.

Assessment of the secondary endpoint “transfer
to ICU during the hospital stay”

A total of 596 patients (219 patients with S. haemolyticus and
377 patients with S. hominis) who were not in the ICU before
the detection of S. haemolyticus or S. hominis were included in
this assessment. Patients were transferred to ICU after S.
haemolyticus and S. hominis detection in 8.7% (n=19) and
11.7% (n=44) of cases, respectively.

The endpoint “transfer to ICU” was significantly more
frequent for detection of S. hominis. Additional identified risk
factors comprised proof of CoNS in cerebrospinal fluid, neu-
rological disorders, sepsis, gastrological disorders, left shift in
white blood cell microscopy, previous surgical interventions,

Table 2 Factors with significant

association with the primary Death (n = 1075 assessed patients) IRR 0.95-CI P

endpoint death during hospital

stay. Factors with P> 0.1 were Detection of accompanying Staphylococcus aureus 1.98 (1.20, 3.27) 0.007

excluded from the model Stay on intensive care units 543 (3.33, 8.85) <0.001
Hematological disease 2.00 (1.33, 3.00) 0.001
Neurological disorder 0.61 (0.39, 0.93) 0.024
Ear-nose-throat disease 204x10°°  (6.11x107,6.83%x10°%  <0.001
Dermatological disease 998x107  (3.50x107,2.85x10°%  <0.001
Sepsis 2.13 (1.49, 3.05) <0.001
Other medical disorders 1.47 (1.01, 2.15) 0.044
Wound infections 0.30 (0.10, 0.89) 0.030
Left shift in white blood cell microscopy 2.37 (1.06, 5.26) 0.034
Previous surgical intervention 0.55 (0.39, 0.79) 0.001
Day of detection of coagulase-negative staphylococci 1.02 (1.00, 1.04) 0.009
Age 1.02 (1.00, 1.03) 0.002
Number of days of hospital stay 0.98 (0.96, 0.99) 0.038

Pseudo R*>=0.1825

IRR, incidence rate ratio; CI, confidence interval; P, significance level
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increased patient age, duration of hospital stay, previous treat-
ment on surgical wards, and concomitant detection of patho-
gens of ABC 7 (Haemophilus spp. and Moraxella spp.).
Apparently “protective” factors (in alphabetical order) were
dermatological disease, detection of CoNS in deep respiratory
specimens, increased number of days in hospital prior to the
detection of the CoNS, orthopedic disease, urological disease,
use of immunosuppressive drugs, wound infection, and vas-
cular disease (Table 3). Again, adequate treatment with the
applied antibiotic drugs did not show significant effects.

Confirmation of clonal diversity

Rep-PCR analysis of randomly chosen strains with no epide-
miological suspicion of nosocomial transmission led to the
identification of 3 clonal clusters among 31 assessed S.
haemolyticus strains (26/483, 5.4%) and 26 S. hominis strains
(25/681, 3.7%), which were believed to be part of small out-
breaks. There were 2 S. haemolyticus clusters comprising 3
and 9 isolates, respectively, and an S. hominis cluster compris-
ing 5 isolates. The remaining 40 Staphylococcus spp. strains
assessed were not part of detectable clusters in rep-PCR.
Moderate molecular diversity with only few and small clonal
clusters of the assessed isolates was thereby confirmed.

No patient with isolates from one out of the three identi-
fied clonal clusters attained either the primary or secondary
outcomes. In comparison, 11.1% (4 out of 36) of patients

with cluster-free isolates reached the primary and 25.0% (5
out of 20) reached the secondary outcome, while 9.7% (108
out of 1113) of patients with nonassessed strains reached the
primary outcome and 9.4% (61 out of 647) reached the sec-
ondary outcome.

Discussion

The study was performed to assess putative differences in the
etiological relevance of S. haemolyticus and S. hominis over a
study period of 5 years with inpatients at a German
University Hospital.

Unlike in previously published papers [5, 6], there was
no species-dependent difference regarding the primary out-
come parameter death in a multivariate model, and—sur-
prisingly—demonstration of S. ~ominis was more likely to
be associated with the secondary outcome parameter trans-
fer to ICU during the hospital stay than was detection of S.
haemolyticus. Of note, delayed diagnosis of both species of
CoNS was, however weakly, associated with an increased
probability of death. In contrast to previous observations,
there was no significant association between proof of
CoNS on invasive swabs from deep compartments and risk
of death [23].

There were few surprises concerning other observed as-
sociations. The high statistical significance for an

Table 3 Factors with significant
association with the secondary

Transfer to intensive care unit (n = 596 assessed patients)  IRR

0.95-CI P

endpoint transfer to ICU

(intensive care unit) during Proof of CoNS in deep respiratory secretions 532x107  (1.19x107,238%x10°%  <0.001
hospital stay. Factors with 2> 0.1 Proof of CoNS in cerebrospinal fluid 6.89 (3.02, 15.72) <0.001
were excluded from the model Neurological disorder 236 (132, 421) 0.004
Dermatological disease 6.10x107  (2.63x107,141x107%  <0.001
Sepsis 3.45 (1.80, 6.62) <0.001
Gastrological disease 1.76 (1.00, 3.08) 0.046
Left shift in white blood cell microscopy 3.52 (0.89, 13.99) 0.073
Previous surgical intervention 2.69 (1.36,5.31) 0.004
Day of detection of CoNS 0.97 (0.95, 0.99) 0.007
Age 1.02 (1.01, 1.03) <0.001
Number of days of hospital stay 1.02 (1.01, 1.03) <0.001
Previous stays on surgical wards 4.57 (2.14,9.74) <0.001
Vascular disease 401x107°  (7.16x107°,224x107)  <0.001
Urological disease 0.47 (0.23,0.93) 0.032
Wound infections 0.31 (0.12, 0.78) 0.013
Detection of accompanying bacterial category 3.01x10°  (1.44x 108, 6.29 x 10%) <0.001
7 (Haemophilus spp. and Moraxella spp.)
Orthopedic disease 0.31 (0.16, 0.59) <0.001
Use of immunosuppressive drugs 1.18x 107  (6.48x107%2.15%x107)  <0.001
Species of CoNS 0.47 (0.25, 0.87) 0.016

Pseudo R*=0.2503

IRR, incidence rate ratio; CI, confidence interval; P, significance level; CoNS, coagulase-negative staphylococci
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association of detection of Haemophilus spp. and
Moraxella spp. with transfers to ICU is unexpected and is
possibly influenced by the comparatively low numbers of
affected patients, although respiratory tract infections due
to such pathogens can be associated with severe courses.
Unlike for the primary outcome death, delayed detection of
CoNS was negatively associated with the secondary out-
come parameter transfer to ICU, again with comparably
weak significance. S. hominis isolates were more frequent-
ly treated with antibiotic drugs than were S. haemolyticus
isolates and thus one might speculate that S. haemolyticus
was less often considered as etiologically relevant by the
clinicians and, accordingly, therapeutically neglected. On
the contrary, one could argue that detection of S. hominis
was more frequently associated with transfer to the ICU
and, thus, with severe disease in spite of appropriate ther-
apy. In the event, statistical assessment did not show any
significant association between appropriate antibiotic treat-
ment of CoNS and primary or secondary outcome.

The observed low clonality of the coagulase-negative
Staphylococcus spp. isolates was in accordance with previous
descriptions even for clinically relevant strains [24, 25].
Interestingly, the cluster-associated strains seemed to show
lower pathogenicity with focus on the primary and secondary
outcome. However, the case numbers were too low for a
sound statistical assessment.

The study has a number of limitations. If differentiation of
CoNS at species level was performed at all and thus allowed
the inclusion of patients with S. haemolyticus or S. hominis in
the study, this was regarded as an indication that the investi-
gator in the microbiological routine laboratory considered eti-
ological relevance to be likely. The associated subjectivity is
an undeniable limitation of the study. Further, discrimination
between community-acquired and hospital-acquired strains
was not performed, although previous data on S. lugdunensis
revealed potential relevance of this factor [26]. In addition, S.
epidermidis, as the species that is most frequently associated
with clinical disease among CoNS [27], was not included in
the assessment.

In summary, only patients with S. hominis were more fre-
quently transferred to ICU and—comparing S. haemolyticus
versus S. hominis—there was no species-specific risk of
death.
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