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Abstract

Objective. To review the epidemiology of coagulase-negative staphylococci (CoNS) in England over the recent 12 year period.

Methods. Laboratory-confirmed CoNS reported from sterile sites in patients in England to the UK Health Security Agency
(UKHSA) between 2010 and 2021 were extracted from the national laboratory database and analysed.

Results. Overall, 668857 episodes of CoNS were reported. Unspeciated CoNS accounted for 56% (374228) of episodes, fol-
lowed by Staphylococcus epidermidis (26%; 174050), S. hominis (6.5%; 43501) and S. capitis (3.9%; 25773). Unspeciated CoNS
increased by 8.2% (95% Cl, 7.1-9.3) annually between 2010 and 2016, then decreased annually by 6.4% (95% Cl: -4.8 to -7.9)
until 2021. Speciated CoNS increased by 47.6% (95% Cl, 44.5-50.9) annually between 2010 and 2016 and increased annually by
8.9% (95% CI: 5.1 to 12.8) until 2021. Antimicrobial susceptibility profiles differed by species.

Conclusions. Reports of CoNS from normally sterile body sites in patients in England increased between 2010 and 2016 and
remained stable between 2017 and 2021. There has been a striking improvement in species-level identification of CoNS in
recent years. Monitoring trends in CoNS epidemiology is crucial for development of observational and clinical intervention
studies on individual species.

DATA SUMMARY

The data presented in this paper is derived from the second-generation surveillance system (SGSS), the national database for
laboratory reports of infectious diseases and antimicrobial resistance in England. As this database contains personal data, there
are robust access controls in accordance with the Data Protection Act 2018, General Data Protection Regulations (GDPR) and
the Caldicott Guidelines. All data presented in summary form in this paper are included in the Supplementary Material. Due
to the risk of deductive disclosure, the authors are unable to share the raw data. UKHSA operates a robust governance process
for access to protected data, where it is lawful, ethical and safe to do so. Organizations looking to access UKHSA data for public
health purposes can contact DataAccess@ukhsa.gov.uk to request an application pack. Further information can be found on the
UKHSA website (https://www.gov.uk/government/publications/accessing-ukhsa-protected-data/accessing-ukhsa-protected-data)
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INTRODUCTION

Coagulase-negative staphylococci (CoNS) are characterized by the absence of a major virulence factor called staphylococcal
coagulase, in contrast to coagulase-positive staphylococci such as Staphylococcus aureus. There is substantial heterogeneity in
virulence, habitat and antimicrobial-susceptibility profiles of CoNS with over 45 different species recognized to date [1-3].
Increasing adoption of matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry in recent
years has enabled species-level identification of CoNS to be done more quickly and precisely than before. Correct identification
to species-level identification is fundamental to understanding the clinical significance of CoNS [4].

Staphylococci commonly reside on the skin and mucous membranes of humans and animals [5]. Advances in healthcare have
created conditions favourable to opportunistic CoNS infections, predominantly in hospitalized, vulnerable patients or those with
indwelling catheters or devices. CoNS are adept at forming biofilms on abiotic and biotic surfaces, facilitating introduction of
CoNS from skin to sterile sites following insertion of medical devices [1-3]. Vulnerable patients, particularly premature and low
birthweight infants, are the most affected by CoNS due to prolonged hospital stays and more frequent application of invasive
procedures [6-8]. However, detection of CoNS in a microbiological sample may represent contamination of the specimen from a
colonized surface as a result of poor sampling and testing procedures, physiological colonization of skin and mucous membranes
or a clinically significant infection [1, 3, 4]. A complicating factor is that CoNS species typically demonstrate drug resistance to
beta-lactam antibiotics, including meticillin, limiting antimicrobial treatment options [1, 2, 4, 9]. It is likely that the health and
economic burden of CoNS are underestimated [2].

Robust surveillance is essential to understand the increasing clinical importance of CoNS [6]. National surveillance arrangements
for CoNS vary across and within countries. In England, diagnostic laboratories are required by law to report all clinically significant
isolations of CoNS from sterile sites and antimicrobial susceptibility test results to the national surveillance system [10]. However,
which CoNS isolates are speciated and whether it constitutes clinically significant infection is determined by local expert opinion.
To better inform epidemiological and clinical understanding of different species, this analysis describes the trends in CoNS
isolated from normally sterile body sites and reported to the national surveillance system between 2010 and 2021 in England.

METHODS
Laboratory reporting arrangements

In England, diagnostic laboratories undertake testing of clinically relevant samples. While individual laboratory protocols on
testing criteria, test methods, speciation and antimicrobial susceptibility testing may vary, guidance has been published on
minimum standards [11].

The UK Health Security Agency (UKHSA) is responsible for infectious disease surveillance and public health protection in
England. Diagnostic laboratories are required to notify UKHSA of specified causative organisms in human samples with core
information such as patient identifiers, organism details, specimen type and specimen date, within 7 days. Reporting detections
of staphylococci in all clinically significant isolates from sterile sites (e.g. blood, cerebrospinal fluid, joint fluid) is a legal require-
ment for diagnostic laboratories; however, reporting of antibiotic susceptibility data is voluntary. Diagnostic laboratories report
susceptibility test results as susceptible, intermediate or resistant to selected antibiotics.

National laboratory database

Reports submitted by diagnostic laboratories in England are stored by UKHSA in a database called the second-generation
surveillance system (SGSS). SGSS comprises two modules, a communicable disease reporting module (CDR; formerly CoSurv/
LabBase2) and an antimicrobial resistance module (AMR; formerly AmSurv). The CDR module includes reports of all organisms
that are required to be reported to UKHSA by law. The AMR module contains antibiograms for all antimicrobials tested from
all clinical sources.

The CDR records were deduplicated based on the OPIE (organism-patient-illness-episode) principle [10]. In brief, an episode
constitutes each positive organism in a patient in a defined period. If the interval between two occasions where an individual was
infected by the same organism was shorter than the defined episode length, the earlier report was included as a single episode
and the latter report disregarded. Individuals infected with two or more organisms at the same time were represented by two (or
more) distinct episodes. If the interval was longer than the defined episode length, they were represented by two distinct episodes.
For CoNS, the episode length was defined as a rolling window of 14 days.

SGSS was launched in mid-2015. In the LabBase 2 and AmSurv systems that predated SGSS, linkage between CDR and AMR
data was done by deterministic or probabilistic linkage methods. AMR data were stored at a test level and were linked to CDR
OPIE records using common identifiers. If multiple AMR test results for the same antimicrobial was reported within the same
patient episode, the most severe result (resistant) for the antimicrobial for that episode was chosen. LabBase 2 was estimated to
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capture approximately 80% of records and missing data was unevenly distributed throughout the country. AmSurv was estimated
to have even less complete coverage.

Statistical analysis

Data on reports of CoNS from sterile sites were extracted from SGSS for the period 1 January 2010 to 31 December 2021. Annual
counts were aggregated for all reported CoNS and separately for speciated and unspeciated CoNS. For speciated CoNS, annual
counts were aggregated per species. After checks on data quality and cleaning, patient ages were grouped into five categories
(0-11 months, 1-4 years, 5-17 years, 18-44 years, 45-64 years and 65 years and above) in line with the distribution of cases and
clinical relevance. Sex and age-group-specific incidence rates for 100000 population per year were calculated using population
data for England from the UK Office for National Statistics (ONS). We used the Wilson score method to calculate confidence
intervals of incidence rates. Two-sided P values of 0.05 or less provided evidence of statistical association.

To describe trends, we analysed the data with all CoNS cases reported to UKHSA, with sub-classification to speciated and unspeci-
ated CoNS. In addition, we conducted trend analysis for individual speciated CoNS. Due to overdispersion, we used negative
binomial regression to quantify the average annual percent change (AAPC) with confidence intervals and to identify the points
in time when trends changed. To assess changes in trend over 12 years of annual data, we specified a minimum of 4 years for each
segment thus allowing a maximum of one change in trend for each species with full set of data points. For species with fewer than
12 data points, we removed years with no data prior to the first reported case and specified the maximum number of segments
with the same requirement of four minimum data points for each segment. In the negative binomial model, the aggregated annual
count of cases was included as outcome variable with year as continuous predictor variable and log of population for each year
as offset. In addition, we ran models with an interaction term between year and all possible combinations of segment as factor
variable. Further detail on the method and rationale is provided in the Supplementary Material, see Tables S1 and S2, available
with the online version of this article. After checking all possible models to describe the trend, the best model was chosen by
minimum the Bayesian information criterion (BIC). If the best fitting model had no interaction variable, the exponent of estimate
for year variable gave incidence rate ratios (IRR) indicating the mean change per year. If the best fitting model included interaction
between year and segment variable, the slope for each segment was derived using emtrends function in emmeans R package. The
slope for each segment indicated the mean annual change over that segment. For interpretation, IRRs were converted to AAPC
by taking the exponent of the estimate, subtracting by one and multiplying by 100.

As some species had a small number of cases in each year, we repeated the trend analysis by binomial regression and confirmed
that the results were similar. Findings of negative binomial regression are presented in the paper. Changes in trend over time are
reported as ‘increase’ or ‘decrease’ if there was evidence of statistical association for the segment (P<0.05) and as ‘stable’ otherwise.

Trends in antimicrobial susceptibility was explored for nine antimicrobials: ciprofloxacin, fusidic acid, meticillin, gentamicin,
rifampicin, erythromycin, clindamycin, teicoplanin and vancomycin, for all reported CoNS and the five most common CoNS
species during the study period. In accordance with EUCAST guidance, antimicrobial susceptibility results reported as interme-
diate were reclassified as susceptible [12]. While breakpoint criteria may have changed over time, susceptibility data reported in
this study includes classification as they were reported at the time. Redesignation of intermediates to sensitive affected less than
0.1% of isolates. Susceptibility data are reported as the proportion of isolates resistant to specific antimicrobials among all isolates
reported to UKHSA with susceptibility data.

To better understand the reasons for improved species-level identification, we conducted a rapid survey of diagnostic laboratories
in England in July 2021. To assess changes in speciation and reporting, the number of diagnostic laboratories reporting each
species by year was summarized. Further detail is provided in the Supplementary Material.

UKHSA has legal permission to collect and analyse data for surveillance of infectious diseases in England.

RESULTS

A total of 668857 episodes of CoNS from normally sterile sites were reported, of which unspeciated CoNS accounted for 56%
(374228) of reported cases. Among the speciated CoNS, S. epidermidis (26%, 174050) was the most common, followed by
S. hominis (6.5%, 43501) and S. capitis (3.9%, 25773). Samples from blood constituted 77.2% (516212) of the isolates, with the
remaining coming from normally sterile tissue such as bone, joint or cerebrospinal fluid.

Annual counts and contribution of common CoNS species are shown in Fig. 1 and Table S3. CoNS cases increased from 24451
in 2010 to 81969 cases in 2021. The proportion of unspeciated CoNS decreased from 89% (95% CI, 88.6-89.3, 21752 cases) in
2010-36.8% (95% CI, 36.5-37.2%, 30184 cases) in 2021. In comparison, the proportion of speciated CoNS increased from 11%
(95% CI, 10.7-11.4%, 2699 cases) to 63.2% (95% CI, 62.8-63.5%, 51785 cases) in 2021. Annual incidence of CoNS increased
from 46.4 (95% CI, 45.9-47) per 100000 population in 2010 to 144.9 (95% CI, 144.0 to 145.9) per 100000 population in 2021.
Annual incidence rates for CoNS by species are given in Tables S4 and S5.



Paranthaman et al., Access Microbiology 2023;5:000491.v3

100%
80000

5%
60000

4330
5208
2565 | 2855
2134 | 4 4353 | 3284
3888 o
= 4624
1547 | 4130 | 5% | 6178
2506 5224 | g
3486

1454
2647
. S. haemolyticus.

. S. capitis
|11 other speciated CoNs
S hominis

1186
40000

Percentage
@
2

20000 -
3574137051 ]37222) 35009
1 32612
27282 * [ 2057030184
25242] "
21752
’ 0%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

S epidermidis
. Unspeciated CONS

Number of episodes

Fig. 1. Annual counts and contribution of common CoNS species in sterile sites, England, 2015-2021.

In the trend analysis (Tables 1 and 2, Fig. 2, Table S6), all CoNS increased annually by 16.8% (95% CI, 15.3 to 18.3) between 2010
and 2016 and were stable between 2017 and 2021 (AAPC 1.9%; 95% CI, —0.3 to 4.1). For the corresponding periods, speciated
CoNS increased by 47.6% (95% CI, 44.4 to 50.9) and 8.9% (95% CI, 5.1 to 12.8), respectively. In contrast, unspeciated CoNS
increased by 8.2% (95% CI, 7.1 to 9.3) between 2010 and 2016 and decreased by 6.4% (95% CI, 7.9 to —4.8) between 2017 and
2021.

The age at diagnosis showed a bimodal distribution, with peaks in early childhood and in the elderly (Fig. 3) for all CoNS species,
except for S. felis, which had no cases reported in children up to 5years of age.

Adults over the age of 65 years accounted for 48.5% (324454) of reported cases, followed by 45-64 year olds and 18-44 year olds
at 25.0% (167608) and 14.1% (94285), respectively. Infants under 12 months of age accounted for 6.9% (46392) of reported
cases. However, this age group had a higher incidence rate than all other age groups with rates increasing from 334.3 per 100000
population in 2010 to 768.5 per 100000 population in 2021 (Fig. 4). Adults aged 65 and above had the second highest incidence
rates of 125.8 per 100000 in 2010 increasing to 371.8 per 100000 in 2021. Incidence rates for all CoNS in each age group is shown
in Tables S7 and S8. Age distribution by CoNS species is shown in Table S9. Among infants, 60.1% (27888), 13.3% (6195) and
7.1% (3326) of cases occurred in the first, second and third month after birth with the remaining 19.4% (8983) reported from
4 to 12 months of age. The contribution of common CoNS species is shown in Fig. 4 and age-group-specific incidence rates in
Fig. S1. Unspeciated CoNS followed by S. epidermidis were most common among all age groups. S. capitis was the third most

Table 1. Trend analysis for CoNS, England, 2010-2021

Species Period Years Annual percent change Trend
(95% CI)

1 2010-2016 16.8 (15.3 to 18.3) Increase
All CoNS

2 2017-2021 1.9 (0.3 to 4.1) Stable

1 2010-2016 47.6 (44.5 t0 50.9) Increase
Speciated CoNS

2 2017-2021 8.9(5.1t012.8) Increase

1 2010-2016 8.2(7.1t09.3) Increase
Unspeciated CoNS

2 2017-2021 —6.4 (-7.9 to —4.8) Decrease
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Table 2. Trend analysis for CoNS species, England, 2010-2021

Species Period Years Annual percent change Trend
(95% CI)

1 2012-2015 498.1 (225.7 t0 998.4) Increase
S. auricularis

2 2016-2021 35(-1.41t08.7) Stable

1 2010-2014 194.9 (143.5 to 257.2) Increase
S. capitis

2 2015-2021 20 (13.9 to 26.3) Increase

1 2011-2015 365.6 (218.5 to 580.8) Increase
S. caprae

2 2016-2021 33.3 (26.5 to 40.5) Increase

1 2013-2017 242.5 (159.1 to 352.7) Increase
S. cohnii

2 2018-2021 —12.3 (-35.1 to 18.4) Stable

1 2010-2015 36.9 (33.8 to 40.2) Increase
S. epidermidis

2 2016-2021 7.3 (4.8t09.7) Increase

1 2010-2014 152.6 (111.1 to 202.4) Increase
S. haemolyticus

2 2015-2021 24.3 (19.6 t0 29.2) Increase

1 2010-2014 107.3 (64.5 to 161.3) Increase
S. hominis

2 2015-2021 23.8 (10.5 to 38.7) Increase

1 2010-2014 142 (93.2 to 203) Increase
S. lugdunensis

2 2015-2021 20.3 (13.8 to 27.3) Increase

1 2013-2016 235.2 (152.1 to 345.8) Increase
S. pasteuri

2 2017-2021 8.6 (2t0 15.7) Increase

1 2010-2013 18.5 (0.3 to 40.8) Stable
S. saccharolyticus 2 2014-2017 -4.6 (-12.9t0 4.4) Stable

3 2018-2021 -14.9(-22.8 to —6.1) Decrease

1 2010-2014 102.5 (26.9 to 223) Increase
S. saprophyticus

2 2015-2021 22.2 (16.4 to 28.3) Increase
S. sciuri 1 2013-2021 65.9 (47.5 to 88) Increase

1 2010-2014 146.3 (64.7 to 268.5) Increase
S. simulans

2 2015-2021 21.1 (12.3 to 30.5) Increase

1 2011-2014 115.8 (61.6 to 188.1) Increase
S. warneri

2 2015-2021 10.1 (1.9 to 19) Increase

Note: S. albus, S. felis, S. schleiferi and S. xylosus not analysed for trends due to small number of cases. S. sciuri has recently been designated as
Mammaliicoccus sciuri and is no longer considered as belonging to CoNS group.

common CoNS species in infants, especially in the first 3 months of life. In all other age groups, S. hominis was the third most
common CoNS species.

Overall incidence was higher for males (112.9 per 100000 population, 95% CI, 112.5 to 113.2) than females (90.3 per 100000
population, 95% CI, 89.9 to 90.6). The incidence rate ratio for males was 1.25(95% CI, 1.24-1.26; P<0.001) compared to females
overall and across all age groups (Fig. S2 and Table S10). Sex at birth was not recorded for 939 records (<0.01%).

Trends in susceptibility to nine antibiotics for the five common CoNS species from 2015 and 2021 are presented in Fig. 5. The
number of isolates with susceptibility data is shown in Fig. S3. Availability of information on susceptibility increased over time
for all species except for S. saccharolyticus. Among all CoNS isolates, resistance trends were stable over time. Over 50% of isolates
were resistant to erythromycin, fusidic acid and meticillin, between 25 and 50% were reported as resistant to clindamycin,
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ciprofloxacin and gentamicin and less than 25% for teicoplanin, vancomycin and rifampicin. There were marked differences in
antimicrobial susceptibility by species. S. capitis and S. haemolyticus showed lower and higher levels of resistance for the nine
antibiotics, respectively, compared to overall resistance trends of CoNS. Further details of the proportions of resistant isolates
for all CoNS and the five most common species is given in Tables S10-S16.



Paranthaman et al., Access Microbiology 2023;5:000491.v3

0-11 months 1-4 years 5-17 years

800 &

600 € 2

400 40

/_“_/\ /__/‘\’ o /_’_/\\

200 20
< ﬂ
S IS e = @7 P -]
20 < = = 0 gy o « PSS el
=3 e S. capitis
& 2010 2012 2014 2016 2018 2020 2010 2012 2014 2016 2018 2020 2010 2012 2014 2016 2018 2020
=) ~o- Other speciated CoNS
8
g S. hominis.
< 18-44 years 45-64 years 65+ years . epidermidis
g o= Unspeciated CONS
%; ® 150 ~— AllCoNS
o

40

//J—\/

e —rpt e

100

50

/“““\_/

300

yﬂ//jﬁ

—

2010 2012 2014 2016 2018 2020

2010 2012 2014 2016 2018 2020

2010 2012 2014 2016 2018

Fig. 4. Annual incidence rate of common CoNS species by age group, England, 2010-2021.

Excluding unspeciated CoNS, the median number of unique speciated CoNS reported by diagnostic laboratories increased from
one in 2010, to four (Interquartile range[IQR], 2 to 8) in 2015 to nine in 2021 (IQR, 6 to 12). Additional information on the
number of laboratories reporting different CoNS species by year is given in Figs $4 and S5.

The rapid laboratory survey found that among 75 laboratories that were able to speciate CoNS, 61 reported using MALDI-TOF
and the rest used other methods such as analytical profile index (API) and Vitek 2 for speciation. Over half of laboratories surveyed
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(57% n=43) reported that they speciated CoNS detected from sterile sites only, whereas 15% (n=11) reported speciating CoNS
detected from all sites and the rest reported using other criteria for speciation.

DISCUSSION

The overall rate of CoNS increased between 2010 and 2016 and stabilized between 2017 and 2021. The increase in CoNS predated
the improvements in laboratory reporting procedures in England in 2014-15, with the year 2016 representing the first full year
of strengthened mandatory reporting. Identification of CoNS to species-level increased substantially in the last 6years, with
important implications for epidemiological surveillance and antibiotic treatment recommendations.

Infants under 12 months of age have the highest rates for CONS and were especially at higher risk in the first month of life. This
likely reflects medical device-related infections in preterm newborns, and previous studies have shown that biofilm-producing
staphylococci are associated with colonization and infection among preterm neonates [13]. Adults aged over 65 years of age also
had high rates of CoNS, most likely linked to multimorbidity, waning immunity and/or immunosuppressive treatment. We also
detected a higher risk in males compared to females across all age groups.

Some changes relating to classification of CoNS in recent years must be noted. In 2020, S. sciuri was moved out of Staphylococcus
to the novel genus Mammaliicoccus and renamed as Mammaliicoccus sciuri. Additionally, S. schleiferi reported in this study could
have contained the subspecies S. schleiferi coagulans, which has been redesignated as S. coagulans. [14]. Given these changes were
made recently, there were no reports of S. coagulans in the study period in England.

We noted high levels (55-85%) of antimicrobial resistance among CoNS, especially for S. haemolyticus and S. epidermidis against
erythromycin, gentamicin and methicillin. While there are some differences, the antimicrobial resistance patterns found in this
study are broadly consistent with a recent study from the Netherlands [15]. Compared to other CoNS species, S. lugdunensis
was susceptible to most antibiotics and this finding is consistent with the current literature [16]. Monitoring and reviewing
AMR trends by age group and site of specimen would be critical in providing appropriate antimicrobial recommendations once
species-level identification is made.

There are several limitations to this study. First, as the laboratory reporting database did not contain clinical data, we could not
distinguish whether the reported detection of CoNS represented a clinically relevant infection or contamination of specimen
during sampling and processing. There remains considerable uncertainty on the interpretation of CoNS in sterile sites and there
are currently no single objective markers that could be used systematically to interpret national surveillance data [1]. Second,
reporting of CoNS was unlikely to be consistent during the study period. In particular, laboratory protocols for testing, detection
and identification of CoNS may vary over time. Local variation may also play a role, in particular, local microbiology expertise
was cited by a number of laboratories as criteria for whether or not an isolate was speciated, antimicrobial susceptibility testing
was performed, and/or results were reported to requesting clinicians. As noted, there were also improvements in laboratory
reporting to UKHSA around 2015. Third, although almost all laboratories reported the ability to speciate CoNS, and improvements
have been made in recent years, there is some evidence to suggest that under-reporting of certain CoNS species to the national
surveillance system is still occurring. Finally, data for 2020 may not be representative of secular trends in view of the disruption
to routine healthcare services by the COVID-19 pandemic.

Nevertheless, this retrospective cross-sectional study of CoNS detected in sterile sites, linking it with AMR data over the 12 year
period provides real-world data on epidemiology of CoNS in England. The high burden of CoNS highlights the central role of
infection control measures in minimizing transmission and severe outcomes related to healthcare. Improving speciation methods
for CoNS offers scope for more in-depth studies on clinical importance, risk factors and outcomes at species level. Infants under
12 months of age have the highest incidence rates and a substantial proportion of this burden occurs within the first 3 months
after birth. Monitoring trends in CoNS epidemiology will allow for more real-time development of observational and clinical
intervention studies. Further studies linking laboratory data with clinical and outcome data will allow for more informed decisions
on clinical management and more targeted surveillance and intervention measures.

Funding Information
The author(s) received no specific grant from any funding agency.

Acknowledgements

We are grateful for diagnostic laboratories for reporting CoNS to UKHSA. We would also like to thank colleagues in the diagnostic laboratories who
participated in the laboratory practices audit. This analysis was undertaken as part of the national incident response in England. We would like to thank
members of the national incident management team for providing advice and input on the clinical and public health response.

Author contributions

K.P.: conceptualization, formal analysis, methodology, writing — original draft and writing — review & editing; A.W.: investigation and writing — original
draft; N.V.: methodology and writing — review & editing; G.R.: data curation and writing — review & editing; N.M.: investigation and writing — review &
editing; O.N.: investigation and writing — review & editing; R.H.: investigation and writing - review & editing; PF.: investigation and writing — review &



Paranthaman et al., Access Microbiology 2023;5:000491.v3

editing; J.H.: investigation and writing — review & editing; E.O.: investigation and writing — review & editing; N.R.: investigation and writing — review &
editing; Y.W.: investigation and writing — review & editing; B.P.: investigation and writing — review & editing; S.J.W.: formal analysis, investigation and
writing — review & editing; C.S.B.: investigation and writing — review & editing; A.D.: investigation and writing — review & editing.

Conflicts of interest
The authors have declared that no conflicts of interests.

References

1.

Becker K, Heilmann C, Peters G. Coagulase-negative staphylo-
cocci. Clin Microbiol Rev 2014;27:870-926.

Becker K, Both A, Weilelberg S, Heilmann C, Rohde H. Emergence
of coagulase-negative staphylococci. Expert Rev Anti Infect Ther
2020;18:349-366.

Heilmann C, Ziebuhr W, Becker K. Are coagulase-negative staphy-
lococci virulent? Clin Microbiol Infect 2019;25:1071-1080.

Michels R, Last K, Becker SL, Papan C. Update on coagulase-
negative staphylococci-What the clinician should know. Microor-
ganisms 2021;9:830.

Grice EA, Segre JA. The skin microbiome. Nat Rev Microbiol
2011;9:244-253.

Ehlersson G, Hellmark B, Svartstrom O, Stenmark B, Soderquist B.
Phenotypic characterisation of coagulase-negative staphylococci
isolated from blood cultures in newborn infants, with a special
focus on Staphylococcus capitis. Acta Paediatr 2017;106:1576-1582.

Vergnano S, Menson E, Kennea N, Embleton N, Russell AB, et al.
Neonatal infections in England: the NeonIN surveillance network.
Arch Dis Child Fetal Neonatal Ed 2011;96:F9-F14.

Rasigade J-P, Raulin O, Picaud J-C, Tellini C, Bes M, et al. Methicillin-
resistant Staphylococcus capitis with reduced vancomycin suscep-
tibility causes late-onset sepsis in intensive care neonates. PLoS
One 2012;7:e31548.

May L, Klein EY, Rothman RE, Laxminarayan R. Trends in anti-
biotic resistance in coagulase-negative staphylococci in the
United States, 1999 to 2012. Antimicrob Agents Chemother
2014;58:1404-1409.

Public Health England. Laboratory reporting to Public Health
England. A guide for diagnostic laboratories; (n.d.). https://

assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/926838/PHE_Laboratory_
reporting_guidelines_October-2020-v3.pdf [accessed 8 August
2022].

. Public Health. UK Standards for Microbiology Investigaitons:

Identifications of Staphylococcus species, Micrococcus species,
and Rothia species; (n.d.). https://assets.publishing.service.gov.
uk/government/uploads/system/uploads/attachment_data/file/
887570/UK_SMI_ID_07i4.pdf [accessed 8 August 2022].

European Committee on Antimicrobial Susceptibility Testing. New
definitions of S, I and R from 2019; (n.d.). https://eucast.org/news-
iandr/ [accessed 8 August 2022].

Foka A, ChiniV, Petinaki E, Kolonitsiou F, Anastassiou ED, et al. Clon-
ality of slime-producing methicillin-resistant coagulase-negative
staphylococci disseminated in the neonatal intensive care unit of a
university hospital. Clin Microbiol Infect 2006;12:1230-1233.

Madhaiyan M, Wirth JS, Saravanan VS. Phylogenomic analyses
of the Staphylococcaceae family suggest the reclassification
of five species within the genus Staphylococcus as heterotypic
synonyms, the promotion of five subspecies to novel species,
the taxonomic reassignment of five Staphylococcus species to
Mammaliicoccus gen. nov., and the formal assignment of Noso-
comiicoccus to the family Staphylococcaceae. Int J Syst Evol Micro-
biol 2020;70:5926-5936.

Berends MS, Luz CF, Ott A, Andriesse Gl, Becker K, et al. Trends
in occurrence and phenotypic resistance of coagulase-negative
Staphylococci (CoNS) found in human blood in the Northern Neth-
erlands between 2013 and 2019. Microorganisms 2022;10:1801.

Taha L, Stegger M, Soderquist B. Staphylococcus lugdunensis: anti-
microbial susceptibility and optimal treatment options. Eur J Clin
Microbiol Infect Dis 2019;38:1449-1455.

our journal portfolio.

Five reasons to publish your next article with a Microbiology Society journal

1. When you submit to our journals, you are supporting Society activities for your community.
2. Experience a fair, transparent process and critical, constructive review.
3. If you are at a Publish and Read institution, you'll enjoy the benefits of Open Access across

4. Author feedback says our Editors are ‘thorough and fair’ and ‘patient and caring’.
5. Increase your reach and impact and share your research more widely.

Find out more and submit your article at microbiologyresearch.org.



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/926838/PHE_Laboratory_reporting_guidelines_October-2020-v3.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/926838/PHE_Laboratory_reporting_guidelines_October-2020-v3.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/926838/PHE_Laboratory_reporting_guidelines_October-2020-v3.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/926838/PHE_Laboratory_reporting_guidelines_October-2020-v3.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/887570/UK_SMI_ID_07i4.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/887570/UK_SMI_ID_07i4.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/887570/UK_SMI_ID_07i4.pdf
https://eucast.org/newsiandr/
https://eucast.org/newsiandr/

Paranthaman et al., Access Microbiology 2023;5:000491.v3

Peer review history

VERSION 2

Editor recommendation and comments

https://doi.org/10.1099/acmi.0.000491.v2.3
© 2023 Marshall H. This is an open access peer review report distributed under the terms of the Creative Commons Attribution
License.

Helina Marshall; Queen's University Belfast, UNITED KINGDOM

Date report received: 15 May 2023
Recommendation: Accept

Comments: Thank you for addressing the reviewers comments. This paper has now been accepted for publication in Access
Microbiology.

SciScore report

https://doi.org/10.1099/acmi.0.000491.v2.1
© 2023 The Authors. This is an open-access article report distributed under the terms of the Creative Commons License.

iThenticate report

https://doi.org/10.1099/acmi.0.000491.v2.2
© 2023 The Authors. This is an open-access article report distributed under the terms of the Creative Commons License.

Author response to reviewers to Version 1

Reviewers' comments and responses to custom questions:

COMMENTS

L52 "Due to the risk of deductive disclosure, the authors are unable to share the raw data."

This is very understandable, though I would've like to see at least some raw data regarding the incidence of different species and
their antibiograms. Bacteria are not prone to GPDR like humans are - researchers can take advantages from that when sharing
data:)

Author response: UKHSA publishes AMR data routinely in ESPAUR reports (https://assets.publishing.service.gov.uk/govern-
ment/uploads/system/uploads/attachment_data/file/1118310/ESPAUR-report-2021-to-2022.pdf) and on fingertips website
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Perhaps also include the latest CONS paper from Becker: PMID 32056452.
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L93

I would like some introduction to the UKHSA. It is first mentioned in the Methods, without even explaining the abbreviation.
For non-English readers, please introduce the UKSHA briefly in the introduction.

Author response:We have now added a line introducing UKHSA and its remit.
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L86 "In England, diagnostic laboratories are required by law to report all..."

Yes, this is an amazingly strong point! I would certainly bring this (more) up in the discussion - researchers from other
countries are envious, as I prove myself. Having an integral view on these clinical relevant isolates (despite any compliance)
it a great asset.

Author response:Thank you.
L107 "intermediate"
So EUCAST is not applied in English labs? Otherwise, the term has been "susceptible, increased exposure" for T' since 2019.

Author response:As the reviewer rightly notes, EUCAST was introduced in 2019. The data reported in the study cover the period
from 2010 to 2021 so we had to apply consistent criteria for AMR data throughout the study period.

L132 "Statistical analysis"

This section is very thorough, which I much appreciate. It also suggests that author KP (if I understand well from the Author
Contributions section) is strong on statistics. Still, I'm missing the most important part about AMR data analysis: how was
corrected for duplicate isolates? Especially since they are from blood, imagine a patient having been tested 5 times in a week
because of bacteraemia (which is not uncommon); if the outcome is S. haemolyticus 5 times that is erythromcyin resistant, it
would overestimate erythromcyin resistance in your analysis. I really would like to know how only the first isolates per patient
per species were included for AMR data analysis and incidence analysis.

It is also unclear if antibiograms were left as-is, or if raw antiobitic results were re-evaluated according to a certain guideline.
Different labs might use different guidelines, so there might be incorporation bias here, which is now unseen.

Author response:The deduplication process for CoNS episode was explained in Line 122 to Line 131. In brief, the first episode
was used for analysis if multiple test results were reported within the same episode. This minimises the risk of overestimating
incidence. For multiple AMR test results reported for any antimicrobial within each patient episode, the most severe result
(resistant) for that antimicrobial for that episode was chosen. We have amended text in the methods to clarify this point.

We have already noted the variation in diagnostic laboratory protocols as a potential limitation of the study.
L193 "unspeciated CoNS accounted for 56%"

Yes, this is a typical MALDI-TOF MS effect, which is greatly shown in figure 1. I see that this confirm what is more broadly seen
in Europe, where most labs implemented MALDI-TOF between 2011 and 2015, and inceasingly used it.

Also like the ggplot2 visualisations, they look awesome.
Author response:Thank you.
Table 2

I'm a bit amazed that no S. pettenkoferi was observed at all, especially given your huge number of cases - was this expected? This
is a technical bias, or are S. pettenkoferi numbers known to be low in England? Strange.

S. sciuri is still mentioned, although it was renamed to Mammaliicoccus sciuri (Madhaiyan et al). I would state this in the table
caption and leave it from the rest of the analysis. It's seemingly no Staphylococcus at all...

Author response:We have not had any reports of S. pettenkoferi. Unfortunately, we don’t have a plausible explanation of why this
might be the case. Re S.scirui, thank you for highlighting this point. We have made the amendment as suggested.

L216"S. schleiferi"

Yes, so this is a bit hard; this species could have contained the subspecies S. schleiferi coagulans, and this subspecies has been
reclassified to the coagulase-positive (!) S. coagulans. I assume it was unknown to you which of your S. schleiferi isolates were of
this subspecies, but this should be noted in the manuscript somewhere.

Author response:Thank you. We have now updated the discussion to address this point.
1240 "Trends in susceptibility to nine antibiotics"

I feels this section is very short and doesn't really give proper attribution to the amazing data you have. Also, reading this results
section, this manuscript seems to have similarities with a recently published CoNS paper by Berends et al (PMID 36144403),
although it's nowhere mentioned to compare results with. That's very strange - I would compare results with the recent study in
the discussion, especially regarding antibiotic susceptibility.
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Author response:Thank you for highlighting this paper that was published after our submission to the journal for peer review.
We have included this paper in the discussion.

1267 "To better understand the reasons for improved species-level identification”

Why are you going into new results here? This is the discussion section, and I would consider your lab techniques analysis part
of the results. You could also add a nice plot of it. Now L267 to L274 feels very out-of-place, and also lacks discussion about the
‘why' and the differences in time.

Author response:We agree. We have now moved this to the end of results section.
L275 "Infants under 12 months of age"

As a microbiologist, I would be much interested in the dispersion of S. capitis, as more and more of its virulent strains/clones are
increasingly spreading across Europe. Is there anything known about this in your data? That would be highly clinically relevant
to add.

Author response:The authors are currently preparing another manuscript specifically on S.capitis and we hope it will be published
shortly.

1283 "As expected, we noted high levels of antimicrobial resistance among CoNS."

Sure, but your observations do not compare well with the paper I previously mentioned. You show strong heterogenous trends
within species for pretty much all antibiotics, while they (in the very same study period, same methodology and same region in
Western Europe) show this only for S. haemoloticus and not for e.g. S. capitis at all (see figure https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC9506452/figure/microorganisms-10-01801-f003/). I would like to understand this and would like some hypotheses
about the differences. How should we (as sidestanding microbiologists) interpret this?

Author response:Thank you. As noted in earlier comment, this paper was published following our submission. We have now
redesigned the figure to allow easier comparison with the above figure. We think that the AMR patterns described in our paper
are broadly consistent with the above paper.

L306 "Nevertheless, this comprehensive review of CoNS"

I don't think this should be called a review. I think it's a retrospective cross-sectional study, and calling it comprehensive with
this limited amount of words is perhaps a bit misplaced.

Author response: Amended

OTHERWISE:

I greatly enjoyed reading your work and I'm especially fond of how the tables and figures in the (quite extensive!) supplementary
materials were shared.

Author response:Thank you.

My two key points are:

- Methodology of de-duplicating isolates

- Comparison with similar studies

These at least should be addressed in a future version.

Author response:We hope you agree that we have addressed both points.
Please rate the manuscript for methodological rigour

Reviewer 2 Comments to Author: [Thank you for the opportunity to review « Trends in coagulase negative staphylococci (CoNS),
England 2010-2021. This manuscript described the epidemiology of Coagulase negative staphylococci in England from normally
sterile sites over a long period of 12 years. This is a very interesting article, which provides an overview of both the different
species and the antibiotic resistance of CoNS. It makes an important contribution to inform a better epidemiological and clinical
understanding of different species of CoNS

1- Methodological rigour, reproducibility and availability of underlying data

The methodology is rigorous and all underlying data are available in the supplementary data.
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Author response:Thank you.

2- Presentation of results

The results are well presented. They show both the evolution of different species and the evolution of antibiotic resistance in all
CoNS and within different species.

Author response:Thank you.

In the part of the results, it would have been interesting to see if there were differences in the distribution of species according
to the clinical site.

Author response: As noted in Line 196 of manuscript, around 77% of the CoNS detections were reported from blood and the rest
were distributed in 21 different clinical sites. We reviewed data of CoNS species by clinical sites, but it did not yield any unusual
or interesting finding worth reporting.

3- How the style and organization of the paper communicates and represents key findings
The manuscript is well written, scientifically sound and is easy to read.

Author response: Thank you.

4- Literature analysis or discussion

In figure 5 S. lugdunensis presents lower percentages of resistance to antibiotics than the other species (S. epidermidis or S.
haemolyticus). Do you have any hypotheses to explain these results?

Author response: This has been recognised in published literature and we have now included a reference in the discussion to
address this point.

5- Some suggestions and minor edits are outlined below

- Data summary : explain the abbreviation SGSS

Author response: Amended

- Line 101 explain the abbreviation UKHSA

Author response: Amended

- Line 115 explain the abbreviation AMR

Author response: The abbreviation was provided in Line 113

- Line 226 figure S1 is redundant with figure 4

Author response: Figure S1 has been removed.

- Replace Gentamycin by "Gentamicin" in figure S4 table S12, S11, S13, S14, S15 et S16

Author response: Amended

VERSION 1

Editor recommendation and comments
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© 2023 Marshall H. This is an open access peer review report distributed under the terms of the Creative Commons Attribution
License.

Helina Marshall; Queen's University Belfast, UNITED KINGDOM

Date report received: 28 February 2023
Recommendation: Minor Amendment

Comments: The work presented is clear and the arguments well formed. This is a study that would be of interest to the field
and community. The reviewers have highlighted minor concerns with the work presented. Please ensure that you address their
comments.

Reviewer 2 recommendation and comments

https://doi.org/10.1099/acmi.0.000491.v1.3
© 2022 Bourgeois-Nicolaos N. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License.

Nadege Bourgeois-Nicolaos; FRANCE
https://orcid.org/0000-0002-4736-3234

Date report received: 23 December 2022
Recommendation: Minor Amendment

Comments: [Thank you for the opportunity to review « Trends in coagulase negative staphylococci (CoNS), England 2010-2021.
This manuscript described the epidemiology of Coagulase negative staphylococci in England from normally sterile sites over a
long period of 12 years. This is a very interesting article, which provides an overview of both the different species and the antibiotic
resistance of CoNS. It makes an important contribution to inform a better epidemiological and clinical understanding of different
species of CoNS 1- Methodological rigour, reproducibility and availability of underlying data The methodology is rigorous
and all underlying data are available in the supplementary data. 2- Presentation of results The results are well presented.
They show both the evolution of different species and the evolution of antibiotic resistance in all CoNS and within different
species. In the part of the results, it would have been interesting to see if there were differences in the distribution of species
according to the clinical site. 3- How the style and organization of the paper communicates and represents key findings The
manuscript is well written, scientifically sound and is easy to read. 4-  Literatureanalysis or discussion In figure 5S.lugdunensis
presents lower percentages of resistance to antibiotics than the other species (S. epidermidis or S. haemolyticus). Do you have
any hypotheses to explain these results? 5-  Some suggestions and minor edits are outlined below - Data summary :
explain the abbreviation SGSS-  Line 101 explain the abbreviation UKHSA - Line 115 explain the abbreviation AMR -
Line 226 figure S1 is redundant with figure 4 - Replace Gentamycin by "Gentamicin" in figure S4 table S12, S11, S13, S14,
S15et S16

Please rate the manuscript for methodological rigour
Very good

Please rate the quality of the presentation and structure of the manuscript
Good

To what extent are the conclusions supported by the data?
Strongly support

Do you have any concerns of possible image manipulation, plagiarism or any other unethical practices?
No

Is there a potential financial or other conflict of interest between yourself and the author(s)?
No

If this manuscript involves human and/or animal work, have the subjects been treated in an ethical manner and the authors complied
with the appropriate guidelines?
Yes
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Reviewer 1 recommendation and comments

https://doi.org/10.1099/acmi.0.000491.v1.4
© 2022 Anonymous. This is an open access peer review report distributed under the terms of the Creative Commons Attribution
License.

Anonymous.

Date report received: 15 November 2022
Recommendation: Minor Amendment

Comments: Paranthaman et al. provide an extensive analysis on trends of CoNS and highlight their strong heterogeneity in both
occurrence and AMR. Given its tremendous data set and consequent significance, this study is of clinical importance to interpret
CoNS trends in Western Europe. COMMENTS L52 "Due to the risk of deductive disclosure, the authors are unable to share the
raw data." This is very understandable, though I would've like to see at least some raw data regarding the incidence of different
species and their antibiograms. Bacteria are not prone to GPDR like humans are - researchers can take advantages from that
when sharing data :) L64 "with over 45 different species recognised to date [1, 2]" Perhaps also include the latest CoNS paper from
Becker: PMID 32056452. L93 I would like some introduction to the UKHSA. It is first mentioned in the Methods, without even
explaining the abbreviation. For non-English readers, please introduce the UKSHA briefly in the introduction. L86 "In England,
diagnostic laboratories are required by law to report all..." Yes, this is an amazingly strong point! I would certainly bring this
(more) up in the discussion - researchers from other countries are envious, as I prove myself. Having an integral view on these
clinical relevant isolates (despite any compliance) it a great asset. L107 "intermediate” So EUCAST is not applied in English labs?
Otherwise, the term has been "susceptible, increased exposure” for T since 2019. L132 "Statistical analysis" This section is very
thorough, which I much appreciate. It also suggests that author KP (if I understand well from the Author Contributions section) is
strong on statistics. Still, I'm missing the most important part about AMR data analysis: how was corrected for duplicate isolates?
Especially since they are from blood, imagine a patient having been tested 5 times in a week because of bacteraemia (which is
not uncommon); if the outcome is S. haemolyticus 5 times that is erythromcyin resistant, it would overestimate erythromcyin
resistance in your analysis. I really would like to know how only the first isolates per patient per species were included for AMR
data analysis and incidence analysis. It is also unclear if antibiograms were left as-is, or if raw antiobitic results were re-evaluated
according to a certain guideline. Different labs might use different guidelines, so there might be incorporation bias here, which
is now unseen. L193 "unspeciated CoNS accounted for 56%" Yes, this is a typical MALDI-TOF MS effect, which is greatly shown
in figure 1. I see that this confirm what is more broadly seen in Europe, where most labs implemented MALDI-TOF between
2011 and 2015, and inceasingly used it. Also like the ggplot2 visualisations, they look awesome. Table 2 I'm a bit amazed that no
S. pettenkoferi was observed at all, especially given your huge number of cases - was this expected? This is a technical bias, or are
S. pettenkoferi numbers known to be low in England? Strange. S. sciuri is still mentioned, although it was renamed to Mammali-
icoccus sciuri (Madhaiyan et al). I would state this in the table caption and leave it from the rest of the analysis. It's seemingly no
Staphylococcus at all... L216 "S. schleiferi” Yes, so this is a bit hard; this species could have contained the subspecies S. schleiferi
coagulans, and this subspecies has been reclassified to the coagulase-positive (!) S. coagulans. I assume it was unknown to you
which of your S. schleiferi isolates were of this subspecies, but this should be noted in the manuscript somewhere. L240 "Trends
in susceptibility to nine antibiotics" I feels this section is very short and doesn't really give proper attribution to the amazing data
you have. Also, reading this results section, this manuscript seems to have similarities with a recently published CoNS paper by
Berends et al (PMID 36144403), although it's nowhere mentioned to compare results with. That's very strange - I would compare
results with the recent study in the discussion, especially regarding antibiotic susceptibility. L267 "To better understand the
reasons for improved species-level identification" Why are you going into new results here? This is the discussion section, and I
would consider your lab techniques analysis part of the results. You could also add a nice plot of it. Now L267 to L274 feels very
out-of-place, and also lacks discussion about the 'why' and the differences in time. L275 "Infants under 12 months of age" As
a microbiologist, I would be much interested in the dispersion of S. capitis, as more and more of its virulent strains/clones are
increasingly spreading across Europe. Is there anything known about this in your data? That would be highly clinically relevant
to add. L283 "As expected, we noted high levels of antimicrobial resistance among CoNS." Sure, but your observations do not
compare well with the paper I previously mentioned. You show strong heterogenous trends within species for pretty much all
antibiotics, while they (in the very same study period, same methodology and same region in Western Europe) show this only
for S. haemoloticus and not for e.g. S. capitis at all (see figure https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9506452/figure/
microorganisms-10-01801-f003/). I would like to understand this and would like some hypotheses about the differences. How
should we (as sidestanding microbiologists) interpret this? L306 "Nevertheless, this comprehensive review of CoNS" I don't think
this should be called a review. I think it's a retrospective cross-sectional study, and calling it comprehensive with this limited
amount of words is perhaps a bit misplaced. OTHERWISE: I greatly enjoyed reading your work and I'm especially fond of how
the tables and figures in the (quite extensive!) supplementary materials were shared. My two key points are: - Methodology of
de-duplicating isolates - Comparison with similar studies These at least should be addressed in a future version.
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