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Abstract: Kocuria species are catalase-positive and coagulase-negative Gram-positive coccoid bacteria
that belong to the family Micrococcaceae, order Actinomycetales, and class Actinobacteria. Even
though they may be relatively rare, they have been increasingly reported as the causes of human
infections lately. The present study aims to review all published cases of Kocuria spp. infections in
humans reporting data on epidemiology, microbiology, antimicrobial susceptibility, antimicrobial
treatment, and mortality. A narrative review was performed based on a search of Pubmed and
Scopus databases in the literature. In total, 73 studies provided data on 102 patients with Kocuria spp.
infections. The mean age of patients was 47 years, and 68.3% were male. The most common types of
infection were bacteremia (36.3%), skin and soft tissue infection (18.6%), endophthalmitis (15.7%),
infective endocarditis (13.7%), and peritonitis (11.8%), most commonly peritoneal–dialysis-associated.
The most frequently isolated species was K. kristinae (46.1%), and antimicrobial resistance was lower
for vancomycin (7%) and tetracyclines (6.7%). Vancomycin (47%), cephalosporins (39.6%), and
quinolones (36.6%) were the most commonly used antimicrobials. The empirical antimicrobial
treatment of Kocuria spp. infections should include vancomycin as long as antimicrobial susceptibility
results are pending. The infection outcome mainly depends on the type of infection and is higher
for infective endocarditis. Endophthalmitis is associated with increased rates of low visual acuity
after treatment.

Keywords: Kocuria; bacteremia; bloodstream infection; endocarditis; peritonitis; endophthalmitis;
skin and soft tissue infection

1. Introduction

Kocuria species are catalase-positive and coagulase-negative Gram-positive coccoid
bacteria that belong to the family Micrococcaceae, order Actinomycetales, and class Acti-
nobacteria. They can be identified as tetrads or irregular clusters. Kocuria comprises
18 species [1–3]. These microorganisms were previously classified as Micrococcus, but after
the phylogenetic analyses of Stackebrant et al., taxonomic changes were performed based
on 16s rDNA sequences as well as the amino acid composition of peptidoglycan [2,3].
These microorganisms are ubiquitous and can be isolated from various sources, such as
the skin, the flora of mammals, and soil. These microorganisms usually colonize the skin,
mucosae, and oropharynx in humans. Among the 18 species of Kocuria, 5 are known to be
opportunistic pathogens, more commonly in immunocompromised patients or patients
that have severe underlying debilitating comorbidities [1,2]. Due to difficulties in pathogen
identification and the phenotypical similarity between Kocuria spp. and coagulase-negative
staphylococci, misidentification between these two genera may have led to the underdiag-
nosis of Kocuria spp. [1,4]. Advanced microbiological techniques, such as 16rRNA, are
required for accurate identification [5]. Currently, no official treatment guidelines exist for
Kocuria infections; most cases are initially treated empirically until antimicrobial suscepti-
bility results are available. The mortality of these infections is generally low and mainly
depends on the site of the infection as well as the patient’s comorbidities.
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The primary aim of the present study was to review all published cases of Kocuria spp.
infections in humans reporting data on epidemiology and mortality. Another objective is to
describe these human infections’ microbiology, antimicrobial susceptibility, and antimicro-
bial treatment. This review constitutes an attempt to fill certain knowledge gaps, including
predisposing factors and treatment options, and to enhance the limited data available in
the literature for this pathogen.

2. Materials and Methods

This narrative review was performed to export data on Kocuria species infections in hu-
mans. For the conduction of this review, three investigators (A.G., A.Z., I.G.) independently
searched PubMed/Medline and Scopus databases for eligible articles reporting on “Kocuria”
until 20 May 2023. Any dispute was resolved by the intervention of a senior investigator
(P.I.). This narrative review included case reports and case series providing information on
the epidemiology, microbiology, treatment, and outcomes of Kocuria infections in humans.
Only articles written in the English language were accepted. Reviews, systematic reviews,
retrospective studies, and letters to the editor were excluded. Articles with no access
to original data and studies referring to animal reports had to be excluded. Moreover,
studies with insufficient data and articles without information on patients’ mortality and
epidemiology were excluded as irrelevant. The remaining articles’ references were also
searched to assess potential studies following the snowball procedure.

Three investigators (I.G., A.G., and A.Z.) extracted information from all the eligible
studies included in this narrative review using a pre-defined template. Data concerning
age, epidemiology characteristics, the site of infection, the microbiology of species, suscep-
tibility methods, antibiotic information, treatment, and the outcomes of Kocuria subspecies
infections in humans were accumulated and used for the results’ extraction.

3. Results
3.1. Included Studies’ Characteristics

The search of the literature retrieved 503 studies. After the exclusion of the duplicate
articles, the record screening, and the snowball procedure, only 73 studies met the inclusion
criteria. These 73 studies provided data on 102 patients, and these data were included
in the analysis [4,6–77]. A flow diagram of the selection process is shown in Figure 1.
Among them, 39 studies were conducted in Asia, 20 studies in Europe, 13 studies in
North and South America, and one study in Africa. There were 64 case reports and 9 case
series. Figure 2 shows a graphical representation of the geographical distribution of these
published cases.

3.2. Epidemiology of Kocuria spp. Infections in General

The ages of the patients ranged from 3 months to 90 years. The mean age was 47 years,
and 69 out of 101 patients (68.3%) were male. Active solid or hematologic malignancy
was the most common underlying disease in 21.6% of patients, while 13.4% of patients
were being treated with chemotherapy at the time of diagnosis and infection. A central
venous catheter (CVC) was present in 18.4% of patients, and 13.1% were on total parenteral
nutrition (TPN). Patients with end-stage renal disease (ESRD) on peritoneal dialysis made
up 10.8% of all cohorts, while 2.9% had ESRD but were on hemodialysis. Moreover, 4.8%
of patients had bad teeth hygiene, and 3.7% were intravenous drug users (IVDU). Recent
antimicrobial use (within the last three months) was noted in 13% of patients.

3.3. Microbiology and Antimicrobial Resistance of Kocuria spp. Infections in General

Kocuria spp. was isolated from the blood in 34.3% of patients, in pus cultures in
21.6%, in vitreous fluid in 15.7%, in peritoneal fluid in 11.8%, in corneal tissue in 3.9%,
in cerebrospinal fluid (CSF) in 2.9%, in sputum in 2.9%, and brain tissue, in canaliculus
fluid, in bone culture, in nail lesions, in an implantable cardioverter defibrillator (ICD)
lead, in nasopharyngeal culture, and urine culture in 1%. The most commonly identified
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species was K kristinae at 46.1%, K. rosae at 21.6%, K. varians at 8.8%, K. rhizophila at 7.8%,
K. marina at 4.9%, K. koreensis in 2%, K. palustris in 2%, K. salsicia in 2%, K. arsenatis in 1%, and
K. massiliensis in 1%. In 2.9%, the species was not specified. For the identification of Kocuria
spp., VITEK 2 (BioMerieux Inc., Durham, NC, USA) was used in 60%, 16s rRNA in 21.3%,
and 16s rRNA along with the matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) in 8%, MALDI-TOF MS in 8%, the API Staph System
in 1.3%, and the BD BBL Crystal GP system in 1.3%.
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Figure 1. Flow diagram of study inclusion.

Regarding antimicrobial resistance, several methods were applied for its examina-
tion, depending on the laboratory; the E-test or the disk diffusion method constituted
the most commonly used methods. Among the studies providing data, macrolide resis-
tance was noted in 52.4%, penicillin resistance in 51%, clindamycin resistance in 44.7%,
aminoglycoside resistance in 36.2%, trimethoprim-sulfamethoxazole resistance in 30.4%,
quinolone resistance in 28.4%, cephalosporin resistance in 17.9%, rifampicin resistance
16.7%, vancomycin resistance in 7%, and tetracycline resistance in 6.7%.
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3.4. Clinical Presentation of Kocuria spp. Infections in General

The most common infections caused by Kocuria spp. were bacteremia in 36.3%, skin
and soft tissue infection (SSTI) in 18.6%, infective endocarditis (IE) in 13.7%, endophthalmi-
tis in 15.7%, peritonitis (most commonly in patients on peritoneal dialysis) in 11.7%, an
upper respiratory tract infection in 5.9%, central nervous system infection in 5.9%, bone
and joint infection in 4.9%, keratitis in 4.9%, lower respiratory tract infection in 2%, and
urinary tract infection in 2%. Fever was present in 43.3% of patients, organ dysfunction in
19.5% (more commonly, heart failure in 8%), sepsis in 14.4%, and shock in 5.7%.

3.5. Treatment and Outcomes of Kocuria spp. Infections in General

The most commonly used antimicrobials for the treatment of Kocuria spp. infections
were vancomycin in 47%, cephalosporins in 39.6%, quinolones in 36.6%, linezolid in
17%, aminoglycosides in 14%, penicillin in 7.9%, aminopenicillin in 6.9%, clindamycin in
5.9%, carbapenems in 5%, and daptomycin in 2%. Surgery was performed along with
antimicrobials in 36.6%. Overall mortality was 5.9%, and mortality that was attributed
directly to the infection was 4.9%.

3.6. Bacteremia Due to Kocuria spp.

The mean age of patients with bacteremia caused by Kocuria spp. was 42.5 years,
and 61.1% were male. A CVC was present in 45.7% of patients, and 36.1% were on
TPN. The most common clinical presentation of bacteremia by Kocuria spp. was fever in
81.1%, sepsis in 32.4%, organ dysfunction in 26.5%, and shock in 13.9%. IE was present in
37.8% of patients. Overall mortality was 8.1%, and infection-specific mortality was 5.4%.
Table 1 shows the characteristics that are among the most common clinical presentations of
infections by Kocuria spp.

3.7. Infective Endocarditis Due to Kocuria spp.

The mean age of patients with IE caused by Kocuria spp. was 58.2 years, and 85.7%
were male. Bad teeth hygiene or recent dental work was noted in 21.4%, 14.3% were
IVDU, 14.3% had a central venous catheter, 14.3% of patients had a recent cardiac surgery
(within three months), 7.1% had an implantable cardiac device, 7.1% had congenital heart
disease, and 7.1% had a history of rheumatic fever. No patient had a prosthetic cardiac
valve. The aortic valve was infected in 50%, the mitral valve in 50%, the pulmonary valve
in 7.1%, and an implantable cardiac device was present in 7.1%, while multiple valves were
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infected in 14.3%. The diagnosis was facilitated by transthoracic echocardiography in 78.6%,
transesophageal echocardiography in 14.3%, and culture of an extracted intracardiac lead
in 7.1%. The most common clinical presentation of IE by Kocuria spp. was fever in 78.6%,
organ dysfunction in 50% (more commonly heart failure), embolic phenomena in 35.7%,
sepsis in 28.6%, shock in 28.6%, mycotic aneurysm in 14.3%, and paravalvular abscess in
7.1%. Overall mortality was 14.3%, and infection-specific mortality was 7.1%.

Table 1. Characteristics of the different types of infections by Kocuria spp.

Characteristic * Bacteremia **
(n = 37)

Infective
Endocarditis

(n = 14)

SSTI
(n = 19)

Endophthalmitis
(n = 16)

Peritonitis
(n = 12)

Age, mean (SD) 42.5 (29.2) 58.2 (22) 56.6 (15.6) 44 (21.8) 46 (31.4)
Male, n (%) 22/36 (61.1) 12 (85.7) 15 (78.9) 11 (68.8) 9 (75)

Active malignancy, n (%) 4 (10.8) 0 (0) 13 (68.4) 0 (0) 1 (8.3)
On chemotherapy, n (%) 3 (8.1) 0 (0) 10 (55.6) 0 (0) 0 (0)

CVC, n (%) 16/35 (45.7) 2/13 (15.4) 0 (0) 0 (0) 2 (18.2)
TPN, n (%) 13/36 (36.1) 1/13 (7.7) 0 (0) 0 (0) 0 (0)

Bad teeth hygiene or recent dental
work, n (%) 3 (8.1) 3 (21.4) 0 (0) 0 (0) 0 (0)

IVDU, n (%) 2/35 (5.7) 2/13 (15.4) 0 (0) 0 (0) 0 (0)
Congenital heart disease, n (%) 2 (5.4) 1 (7.1) 0 (0) 0 (0) 0 (0)

ESRD on PD, n (%) 1 (2.7) 0 (0) 0 (0) 0 (0) 11 (91.2)
Microbiology

K. kristinae, n (%) 15 (40.5) 6 (42.9) 13 (72.2) 6 (37.5) 3 (25)
K rosae, n (%) 9 (24.3) 5 (35.7) 1 (5.6) 5 (31.3) 2 (16.7)

K. rhizophila, n (%) 4 (10.8) 1 (7/1) 0 (0) 2 (12.5) 1 (8.3)
K. varians, n (%) 4 (10.8) 0 (0) 0 (0) 3 (18.8) 1 (8.3)
K. marina, n (%) 2 (5.4) 0 (0) 0 (0) 0 (0) 3 (25)

Kocuria spp., n (%) 2 (5.4) 2 (14.3) 0 (0) 0 (0) 0 (0)
K. koreensis, n (%) 0 (0) 0 (0) 1 (5.6) 0 (0) 0 (0)
K. palustris, n (%) 0 (0) 0 (0) 1 (5.6) 0 (0) 0 (0)
K. salsicia, n (%) 1 (2.7) 0 (0) 0 (0) 0 (0) 1 (8.3)

K. arsenatis, n (%) 0 (0) 0 (0) 1 (5.6) 0 (0) 1 (8.3)
K. massiliensis, n (%) 0 (0) 0 (0) 1 (5.6) 0 (0) 0 (0)

Clinical characteristics
Fever, n (%) 30 (81.1) 11 (78.6) 2/7 (27.6) 0 (0) 5 (41.7)
Sepsis, n (%) 12 (32.4) 4 (28.6) 1/7 (14.3) 0 (0) 0 (0)

Organ dysfunction, n (%) 9/34 (26.5) 7 (50) 1/7 (14.3) 0 (0) 0 (0)
Shock, n (%) 5/36 (13.9) 4 (28.6) 1/7 (14.3) 0 (0) 0 (0)

Embolic phenomena, n (%) 6/36 (16.7) 5 (35.7) 1/7 (14.3) 0 (0) 0 (0)
Outcomes

Overall mortality, n (%) 3 (8.1) 2 (14.3) 1 (5.3) 0 (0) 1 (8.3)
Infection-related mortality, n (%) 2 (5.4) 1 (7.1) 1 (5.3) 0 (0) 1 (8.3)

Significant vision loss, n (%) NA NA NA 13 (81.3) NA

CVC: central venous disease, ESRD: end-stage renal disease; IVDU: intravenous drug user, NA: not applicable,
PD: peritoneal dialysis, SD: standard deviation, SSTI: skin and soft tissue infection, TPN: total parenteral nutrition,
* denominator is the total number of patients except if otherwise mentioned, ** cases of bacteremia include the
cases of infective endocarditis.

3.8. Skin and Soft Tissue Infection Due to Kocuria spp.

The mean age of patients with SSTI caused by Kocuria spp. was 56.6 years, and 78.9%
were male. The most common clinical presentation of SSTI by Kocuria spp. was fever
for 28.6% of patients, sepsis for 14.3%, shock for 14.3%, and organ dysfunction for 14.3%.
Concomitantly, 10.5% of patients had bacteremia and IE. Overall (and infection-specific)
mortality was 5.3%.
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3.9. Endophthalmitis Due to Kocuria spp.

The mean age of patients with endophthalmitis caused by Kocuria spp. was 44 years,
and 68.8% were male. Endophthalmitis was exogenous in 93.8%. Mortality was 0%;
however, in 81.3% of patients, visual acuity was severely impaired even after the completion
of treatment.

3.10. Peritonitis Due to Kocuria spp.

The mean age of patients with peritonitis caused by Kocuria spp. was 46 years, and
75% were male. The most common underlying condition was peritoneal dialysis due to
ESRD in all patients except one (91.7%). The most common clinical presentation included
cloudy peritoneal fluid at 100%, abdominal pain at 58.3%, and fever at 41.7%. Overall (and
infection-specific) mortality was 8.3%.

4. Discussion

This review summarizes the characteristics of all infections caused by Kocuria spp.
from published studies in the literature that provide adequate data on epidemiology and
mortality, as well as on microbiology, clinical characteristics, and treatment. The most
common types of infection were bacteremia, skin and soft tissue infection (SSTI), endoph-
thalmitis, infectious endocarditis (IE), and peritonitis. The most commonly identified
species was K. kristinae; vancomycin was the most widely used antimicrobial. Overall
mortality was low.

Only a limited number of articles regarding Kocuria infections have been found in
the current literature; thus, the definition of exact epidemiological data on these infections
remains challenging [42]. In this review, most patients were male, and the mean age
was 47 years. Interestingly, most studies on Kocuria infections were conducted in Asian
countries (53%), while only 27.4% were conducted in European countries. African countries
presented the lowest percentage of studies (1.4%). The high percentage of studies in Asian
countries could reflect a geographic epidemiology in the young population, given these
countries’ young population size. The low percentage of studies in African countries
decreases the possibility of a connection between Kocuria infections and low-income or
poor living conditions. However, due to the limited number of studies and the possibility
of underdiagnosis or misdiagnosis worldwide, a safe conclusion has not yet been derived,
and more studies are required to elucidate the epidemiology of Kocuria infections.

Kocuria spp. constitutes part of normal human flora and can be isolated from various
environmental niches. More specifically, these pathogens inhabit human skin and mucus
membranes, such as the oral cavity, and are usually considered non-pathogenic. So far,
microbiology laboratories have treated these bacteria as contaminants, leading to the under-
diagnosis of Kocuria spp. infections [5]. Infections are most commonly observed in patients
with immunosuppression, deformities, those undergoing critical care, or even neonates;
however, an increase in Kocuria infections has lately been noted in immunocompetent
individuals [20]. This pathogen is considered both opportunistic and nosocomial. However,
this classification remains challenging; nosocomial infections are more specific in patients
undergoing critical care or bearing foreign bodies, such as central venous catheters. In
the latter group of patients, biofilm production was suspected to be a potential infection
mechanism, although this has not been proved [4].

Regarding predisposing factors, most patients infected by Kocuria spp. had a med-
ical history of severe underlying disease, immunosuppression, or indwelling long-term
devices [58]. Malignancy constitutes the most common underlying condition noted in the
medical history of infected patients. This was even more profound among patients with an
SSTI caused by Kocuria spp., where more than half of the patients had such a history. About
half of the patients were on chemotherapy when the infection was diagnosed. Patients
with cancer presented a higher risk for infection, including SSTIs, due to several reasons,
such as the immunosuppression associated with cancer, its treatment, anatomical causes
that are secondary to the disruption of normal anatomy by the tumor architecture, and
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the impairment of normal leukocyte function [78–81]. Moreover, prolonged catheter use
and the administration of parenteral nutrition, usually among cancer patients, create an
environment that is suitable for bacterial growth. Of note, SSTIs in patients with cancer
may carry a higher mortality risk than in patients without oncological history [82,83].

Another common predisposing factor in the studies presented herein was the presence
of a central venous catheter (CVC), especially among patients with bacteremia. CVC lines
form portals of entry for pathogens to the bloodstream and allow bacterial adherence to
the silastic tube. Biofilm development enables bacterial growth and resistance to antibiotic
treatment; however, biofilm production in Kocuria infections has not yet been confirmed [4].
Indeed, the presence of a CVC significantly increases the risk for bacteremia, especially in
specific patient populations, such as in patients with cancer [84,85]. Among the analyzed
predisposing risk factors, total parenteral nutrition (TPN) was also relatively frequent in
patients infected by Kocuria spp., especially in cases of bacteremia. Indeed, an association
between TPN and bacteremia has been proposed in the literature, even though a recent
systematic review did not firmly confirm this association [86–88]. Moreover, this association
may be pathogen-specific [86].

Several factors that are well-known to be associated with IE were identified in the
studies describing patients with IE that were reviewed herein. For example, bad teeth
hygiene or recent dental work, congenital heart disease, and intravenous drug users (IVDU)
were relatively common among patients with IE by Kocuria spp. These factors are associated
with IE in the literature [89–91].

A common predisposing factor identified among patients with peritonitis caused
by Kocuria spp. was peritoneal dialysis secondary to end-stage renal disease (ESRD). All
patients, except one with spontaneous primary peritonitis, presented with a history of
ESRD and peritoneal dialysis. Patients with such a history may frequently develop episodes
of infection [92]. The microbiology of peritoneal dialysis-associated peritonitis usually
involves Gram-positive cocci, most commonly coagulase-negative staphylococci, S. aureus,
streptococci, and other microorganisms.

The identification of Kocuria spp. remains elusive since most microbiology laboratories
have limited access to advanced molecular methods. The possibility of the misidentification
of Kocuria as coagulase-negative Staphylococcus based on a Gram stain and catalase and
coagulase reactions remains high due to this pathogens’ phenotypic variability [5]. High
laboratory suspicion and antimicrobial susceptibility patterns against certain antibiotics
can support a prompt diagnosis. For the more accurate identification of this microorganism,
advanced microbiological techniques such as 16s rRNA and MALDI-TOF MS are classically
needed [5]. In this review, the most common method for pathogen identification was VITEK 2
(BioMerieux Inc., Durham, NC, USA). However, even though there are studies suggesting that
VITEK 2 might be adequate for the identification of Kocuria spp., there are also reports raising
concerns about its ability to identify these microorganisms adequately [93,94]. Thus, ideally,
16s rRNA or MALDI-TOF MS should be used to confirm the identification of Kocuria spp.
after VITEK 2 identification. Due to these techniques’ low availability and high cost,
Kocuria spp. could be differentiated from Micrococcus spp. and Staphylococcus spp. based on
their differences in morphology and cultural and biochemical characteristics [4,5,9]. Next
Generation Sequencing (NGS) technologies have rapidly evolved over the past years and
can potentially identify pathogens by detecting low amounts of DNA or RNA sequences
at a low cost [95]. Although NGS could be a diagnostic tool for the prompt and accurate
identification of Kocuria spp., their role in the diagnosis of this particular pathogen has not
been described in the literature; the conduction of further studies is required to provide
relevant data.

Currently, no official or widely applied antibiotic susceptibility breakpoint exists
for Kocuria spp., as no studies have formally assessed the susceptibility profile of this
species. Thus, the data in this review are derived from case reports where the antimicrobial
susceptibility of the pathogen is mentioned. Antimicrobial resistance patterns of this
pathogen present great interest given that it is often underdiagnosed and is also part of the
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human microbiome. Numerous strains have shown resistance to ampicillin or oxacillin
while being susceptible to amoxicillin–clavulanate. This resistance mechanism has yet to
be defined.

Nonetheless, a possible explanation would be that a penicillin-binding protein (PBP)
mutation affects ampicillin and β lactamase inhibitions and alters cell wall permeability or
effluent pumps [1]. Another interesting observation constitutes its resistance to penicillin
or oxacillin when combined with susceptibility to ampicillin. Again, no solid explanation
has been given in regard to this resistance pattern [1]. Thus, a deeper investigation of
these resistance mechanisms and developing specific criteria for interpreting sensitivity
assays remains crucial. Based on the data provided by our review, the highest antimicrobial
resistance was noted for macrolides and penicillin, where about half of these strains were
resistant. The lowest resistance rates corresponded to vancomycin and tetracyclines, while
cephalosporin resistance was estimated at 18%.

Protocols regarding the ideal antimicrobial treatment of Kocuria spp. infections still
need to be clearly defined. According to the data in our review, vancomycin could be
the agent of choice for severe infections where pathogen identification is suggestive for
Kocuria spp. until antimicrobial susceptibility results are available. This aligns with a
recent systematic review by Zivkovic et al. that evaluated the antimicrobial treatment of
K. kristinae. In that review, antimicrobial resistance to vancomycin and linezolid was very
low, rendering them an ideal option for empirical therapy after pathogen identification
and for as long as the results of antimicrobial susceptibility were pending [96]. In the same
systematic review, vancomycin was the most commonly used antimicrobial, followed by
cephalosporins, oxacillin, and quinolones. In this review, and in cases where antimicrobial
susceptibility results showed resistance to vancomycin (7%), linezolid or quinolones were
used as alternative options. In cases where vancomycin resistance was detected, Kocuria
infections could be treated with any other antibiotic where this pathogen is susceptible,
based on the antibiogram.

Similarly, in the present study, where not only K. kristinae but all Kocuria spp. were eval-
uated, vancomycin was again the most widely used antibiotic, followed by cephalosporins
and quinolones. Treatment duration should depend on the site of infection, and a 10–14-day
period of antibiotic administration should be applied in patients with severe infections,
such as bacteremia. Moreover, in cases with foreign body-related infections, for example,
catheters, the removal of these bodies could prove beneficial [1].

The mortality rate of infections caused by Kocuria spp. was relatively low, differing
among infection types. For example, in IE, mortality was higher than other infections. The
mortality of IE was comparable to those in studies with IE caused by other bacteria [97–99].
In endophthalmitis, mortality was 0%; however, the persistent, significant visual loss rate
after treatment was exceptionally high. This is in line with other studies reporting data
on endophthalmitis caused by other pathogens, where visual acuity is also significantly
impaired for the majority of affected patients [100,101].

This study had some limitations, mainly related to its narrative nature. The literature
search may have been incomplete for all studies providing adequate data on epidemiology
and mortality, and due to the search strategy, some studies may have been missed. Our
study included only case reports and case series whose credibility depends on accurate
record keeping. Moreover, since in most studies, molecular identification with 16s rRNA
or MALDI-TOF MS was not performed, there is a possibility that misidentification has
occurred in some cases. Finally, some of the presented data were missing in some studies;
thus, statistical analysis was conducted using only the available data, allowing us to present
only the results deriving from studies with available information.

5. Conclusions

This study describes the epidemiology, clinical characteristics, microbiology, antimi-
crobial susceptibility, treatment, and outcomes of Kocuria spp. infections, highlighting the
potential pathogenic nature of this microorganism. K. kristinae was the most commonly
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isolated species, bacteremia was the most common infection, and antimicrobial resistance to
macrolides and penicillin was very high. At the same time, although validated therapeutic
guidelines do not exist, vancomycin and tetracyclines appeared to have the lowest resis-
tance. Vancomycin was the most widely used antimicrobial. The empirical antimicrobial
treatment of Kocuria spp. infections should include vancomycin as long as antimicrobial
susceptibility results are pending. The infection outcome mainly depends on the type
of infection, and its severity is associated with the patient’s immune state. Clinical and
microbiological suspicion, early diagnosis, and appropriate antibiotic therapy remain the
mainstay for managing Kocuria infections.

Author Contributions: Conceptualization, P.I.; methodology, P.I.; software, P.I., A.Z., I.G. and A.G.;
validation, P.I. and S.B.; formal analysis, P.I. and S.B.; investigation, A.Z., I.G. and A.G.; resources, P.I.;
data curation, P.I.; writing—original draft preparation, P.I.; writing—review and editing, A.Z., I.G.,
A.G. and S.B.; visualization, P.I.; supervision, P.I.; project administration, P.I. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Savini, V.; Catavitello, C.; Masciarelli, G.; Astolfi, D.; Balbinot, A.; Bianco, A.; Febbo, F.; D’Amario, C.; D’Antonio, D. Drug

Sensitivity and Clinical Impact of Members of the Genus Kocuria. J. Med. Microbiol. 2010, 59, 1395–1402. [CrossRef]
2. Stackebrandt, E.; Koch, C.; Gvozdiak, O.; Schumann, P. Taxonomic Dissection of the Genus Micrococcus: Kocuria Gen. Nov.,

Nesterenkonia Gen. Nov., Kytococcus Gen. Nov., Dermacoccus Gen. Nov., and Micrococcus Cohn 1872 Gen. Emend. Int. J. Syst.
Bacteriol. 1995, 45, 682–692. [CrossRef] [PubMed]

3. Stackebrandt, E.; Frederiksen, W.; Garrity, G.M.; Grimont, P.A.D.; Kämpfer, P.; Maiden, M.C.J.; Nesme, X.; Rosselló-Mora, R.;
Swings, J.; Trüper, H.G.; et al. Report of the Ad Hoc Committee for the Re-Evaluation of the Species Definition in Bacteriology.
Int. J. Syst. Evol. Microbiol. 2002, 52, 1043–1047. [CrossRef] [PubMed]

4. Purty, S.; Saranathan, R.; Prashanth, K.; Narayanan, K.; Asir, J.; Sheela Devi, C.; Kumar Amarnath, S. The Expanding Spectrum
of Human Infections Caused by Kocuria Species: A Case Report and Literature Review. Emerg. Microbes Infect. 2013, 2, 1–8.
[CrossRef] [PubMed]

5. Kandi, V.; Palange, P.; Vaish, R.; Bhatti, A.B.; Kale, V.; Kandi, M.R.; Bhoomagiri, M.R. Emerging Bacterial Infection: Identification
and Clinical Significance of Kocuria Species. Cureus 2016, 8, e731. [CrossRef]

6. Kurokawa, M.; Maehara, K.; Nakao, S.; Hoshina, T.; Kaku, Y. A Pediatric Case with Peritoneal Dialysis-Associated Peritonitis
Caused by Kocuria arsenatis, Which Is Unrecognized as a Cause of Human Infection. Pediatr. Infect. Dis. J. 2022, 41, e64–e65.
[CrossRef]

7. Brändle, G.; L’Huillier, A.G.; Wagner, N.; Gervaix, A.; Wildhaber, B.E.; Lacroix, L. First Report of Kocuria marina Spontaneous
Peritonitis in a Child. BMC Infect. Dis. 2014, 14, 719. [CrossRef]

8. Basaglia, G.; Carretto, E.; Barbarini, D.; Moras, L.; Scalone, S.; Marone, P.; De Paoli, P. Catheter-Related Bacteremia Due to Kocuria
kristinae in a Patient with Ovarian Cancer. J. Clin. Microbiol. 2002, 40, 311–313. [CrossRef]

9. Ben-Ami, R.; Navon-Venezia, S.; Schwartz, D.; Carmeli, Y. Infection of a Ventriculoatrial Shunt with Phenotypically Variable
Staphylococcus epidermidis Masquerading as Polymicrobial Bacteremia Due to Various Coagulase-Negative Staphylococci and
Kocuria varians. J. Clin. Microbiol. 2003, 41, 2444–2447. [CrossRef]

10. Altuntas, F.; Yildiz, O.; Eser, B.; Gündogan, K.; Sumerkan, B.; Cetin, M. Catheter-Related Bacteremia Due to Kocuria rosea in a
Patient Undergoing Peripheral Blood Stem Cell Transplantation. BMC Infect. Dis. 2004, 4, 62. [CrossRef]

11. Ma, E.S.K.; Wong, C.L.P.; Lai, K.T.W.; Chan, E.C.H.; Yam, W.C.; Chan, A.C.W. Kocuria kristinae Infection Associated with Acute
Cholecystitis. BMC Infect. Dis. 2005, 5, 60. [CrossRef] [PubMed]

12. Becker, K.; Rutsch, F.; Uekötter, A.; Kipp, F.; König, J.; Marquardt, T.; Peters, G.; von Eiff, C. Kocuria rhizophila Adds to the
Emerging Spectrum of Micrococcal Species Involved in Human Infections. J. Clin. Microbiol. 2008, 46, 3537–3539. [CrossRef]
[PubMed]

13. Lee, J.Y.; Kim, S.H.; Jeong, H.S.; Oh, S.H.; Kim, H.R.; Kim, Y.H.; Lee, J.N.; Kook, J.-K.; Kho, W.-G.; Bae, I.K.; et al. Two Cases of
Peritonitis Caused by Kocuria marina in Patients Undergoing Continuous Ambulatory Peritoneal Dialysis. J. Clin. Microbiol. 2009,
47, 3376–3378. [CrossRef] [PubMed]

14. Tsai, C.-Y.; Su, S.; Cheng, Y.-H.; Chou, Y.; Tsai, T.-H.; Lieu, A.-S. Kocuria varians Infection Associated with Brain Abscess: A Case
Report. BMC Infect. Dis. 2010, 10, 102. [CrossRef] [PubMed]

https://doi.org/10.1099/jmm.0.021709-0
https://doi.org/10.1099/00207713-45-4-682
https://www.ncbi.nlm.nih.gov/pubmed/7547287
https://doi.org/10.1099/00207713-52-3-1043
https://www.ncbi.nlm.nih.gov/pubmed/12054223
https://doi.org/10.1038/emi.2013.93
https://www.ncbi.nlm.nih.gov/pubmed/26039557
https://doi.org/10.7759/cureus.731
https://doi.org/10.1097/INF.0000000000003307
https://doi.org/10.1186/s12879-014-0719-5
https://doi.org/10.1128/JCM.40.1.311-313.2002
https://doi.org/10.1128/JCM.41.6.2444-2447.2003
https://doi.org/10.1186/1471-2334-4-62
https://doi.org/10.1186/1471-2334-5-60
https://www.ncbi.nlm.nih.gov/pubmed/16029488
https://doi.org/10.1128/JCM.00823-08
https://www.ncbi.nlm.nih.gov/pubmed/18614658
https://doi.org/10.1128/JCM.00847-09
https://www.ncbi.nlm.nih.gov/pubmed/19692561
https://doi.org/10.1186/1471-2334-10-102
https://www.ncbi.nlm.nih.gov/pubmed/20423506


Microorganisms 2023, 11, 2362 10 of 13

15. Karadag Oncel, E.; Boyraz, M.S.; Kara, A. Black Tongue Associated with Kocuria (Micrococcus) kristinae Bacteremia in a 4-Month-
Old Infant. Eur. J. Pediatr. 2012, 171, 593. [CrossRef]

16. Carlini, A.; Mattei, R.; Lucarotti, I.; Bartelloni, A.; Rosati, A. Kocuria kristinae: An Unusual Cause of Acute Peritoneal Dialysis-
Related Infection. Perit. Dial. Int. 2011, 31, 105–107. [CrossRef]

17. Dunn, R.; Bares, S.; David, M.Z. Central Venous Catheter-Related Bacteremia Caused by Kocuria kristinae: Case Report and Review
of the Literature. Ann. Clin. Microbiol. Antimicrob. 2011, 10, 31. [CrossRef]

18. Cheung, C.Y.; Cheng, N.H.Y.; Chau, K.F.; Li, C.S. An Unusual Organism for CAPD-Related Peritonitis: Kocuria kristinae. Perit.
Dial. Int. 2011, 31, 107–108. [CrossRef]

19. Moissenet, D.; Becker, K.; Mérens, A.; Ferroni, A.; Dubern, B.; Vu-Thien, H. Persistent Bloodstream Infection with Kocuria rhizophila
Related to a Damaged Central Catheter. J. Clin. Microbiol. 2012, 50, 1495–1498. [CrossRef]

20. Dotis, J.; Printza, N.; Papachristou, F. Peritonitis Attributable to Kocuria rosea in a Pediatric Peritoneal Dialysis Patient. Perit. Dial.
Int. 2012, 32, 577–578. [CrossRef]

21. Meletis, G.; Gogou, V.; Palamouti, M.; Spiropoulos, P.; Xanthopoulou, K.; Tantou, P.; Rizou, A.; Thomoglou, V. Catheter-Related
Relapsing Peritonitis Due to Kocuria varians in a Patient Undergoing Continuous Ambulatory Peritoneal Dialysis. Nefrologia 2012,
32, 541–542. [CrossRef] [PubMed]

22. Srinivasa, K.H.; Agrawal, N.; Agarwal, A.; Manjunath, C.N. Dancing Vegetations: Kocuria rosea Endocarditis. BMJ Case Rep. 2013,
2013, bcr2013010339. [CrossRef]

23. Kim, Y.; Kim, T.S.; Park, H.; Yun, K.W.; Park, J.H. The First Case of Catheter-Related Bloodstream Infection Caused by Kocuria
rhizophila in Korea. Ann. Lab. Med. 2023, 43, 520–523. [CrossRef] [PubMed]

24. Citro, R.; Prota, C.; Greco, L.; Mirra, M.; Masullo, A.; Silverio, A.; Bossone, E.; Piscione, F. Kocuria kristinae Endocarditis Related to
Diabetic Foot Infection. J. Med. Microbiol. 2013, 62, 932–934. [CrossRef] [PubMed]

25. Tewari, R.; Dudeja, M.; Das, A.K.; Nandy, S. Kocuria kristinae in Catheter Associated Urinary Tract Infection: A Case Report. J. Clin.
Diagn. Res. 2013, 7, 1692–1693. [CrossRef]

26. Lee, M.K.; Choi, S.H.; Ryu, D.W. Descending Necrotizing Mediastinitis Caused by Kocuria rosea: A Case Report. BMC Infect. Dis.
2013, 13, 475. [CrossRef]

27. Seyman, D.; Kizilates, F.; Oztoprak, N.; Ayoglu, R.U.; Arslan, S. Kocuria kristinae: A Rare Cause of Infective Endocarditis Involving
2 Native Valves. Infect. Dis. Clin. Pract. 2013, 21, 407–409. [CrossRef]

28. Sipahi, O.R.; Mermer, S.; Aydemir, S.; Ozgiray, E.; Cilli, F.; Oner, K. Kocuria rosea Meningitis. Surg. Infect. 2014, 15, 659. [CrossRef]
29. Mattern, R.M.; Ding, J. Keratitis with Kocuria palustris and Rothia mucilaginosa in Vitamin A Deficiency. Case Rep. Ophthalmol. 2014,

5, 72–77. [CrossRef]
30. Moreira, J.S.; Riccetto, A.G.L.; da Silva, M.T.N.; dos Santos Vilela, M.M.; Study Group Centro Médico de Campinas/Franceschi

Medicina Laboratorial. Endocarditis by Kocuria rosea in an Immunocompetent Child. Braz. J. Infect. Dis. 2015, 19, 82–84. [CrossRef]
31. Garcia, D.C.; Nascimento, R.; Soto, V.; Mendoza, C.E. A Rare Native Mitral Valve Endocarditis Successfully Treated after Surgical

Correction. BMJ Case Rep. 2014, 2014, bcr2013202610. [CrossRef] [PubMed]
32. Ali, M.J.; Pujari, A.; Motukupally, S.; Naik, M.N. Kocuria rosea Canaliculitis: A Clinicomicrobiological Correlation. Ophthalmic

Plast. Reconstr. Surg. 2014, 30, e139–e140. [CrossRef] [PubMed]
33. Ahmed, N.H.; Biswal, I.; Roy, P.; Grover, R.K. Kocuria kristinae, an Unusual Pathogen Causing Opportunistic Infections in Patients

with Malignancy. Indian J. Med. Microbiol. 2014, 32, 456–458. [CrossRef] [PubMed]
34. Sohn, K.M.; Baek, J.-Y.; Kim, S.H.; Cheon, S.; Kim, Y.-S. Catheter-Related Bacteremia Caused by Kocuria salsicia: The First Case.

J. Infect. Chemother. 2015, 21, 305–307. [CrossRef] [PubMed]
35. Aleksic, D.; Miletic-Drakulic, S.; Boskovic-Matic, T.; Simovic, S.; Toncev, G. Unusual Case of Stroke Related to Kocuria kristinae

Endocarditis Treated with Surgical Procedure. Hippokratia 2016, 20, 231–234.
36. Bhavsar, S.M.; Hamula, C.L.; Dingle, T.C. Report of Two Paediatric Cases of Central Line Infections Caused by Species of the

Genus Kocuria. JMM Case Rep. 2016, 3, e005040. [CrossRef]
37. Robles-Marhuenda, A.; Romero-Gómez, M.P.; García-Rodríguez, J.; Arnalich-Fernández, F. Native Valve Endocarditis Caused by

Kocuria kristinae. Enferm. Infecc. Microbiol. Clin. 2016, 34, 464–465. [CrossRef]
38. Muñoz Montoya, J.E.; Maldonado Moran, M.Á.; Barragan Ardila, J.A.; Cavanzo Henao, P.G.; Muñoz Rodriguez, E.E.; Centanaro

Meza, G.A. Brain Abscess by Kocuria rosea: Case Report and Literature Review. Interdiscip. Neurosurg. 2017, 7, 59–61. [CrossRef]
39. Horino, T.; Shimamura, Y.; Ogata, K.; Inoue, K.; Terada, Y. Kocuria kristinae Septic Arthritis Associated with Infectious Endocarditis

in a Hemodialysis Patient with Diabetes Mellitus: A Case Report and Literature Review. Ren. Replace. Ther. 2016, 2, 32. [CrossRef]
40. Inada, N.; Shoji, J.; Yamagami, S. Atopic Keratoconjunctivitis Complicated by Kocuria koreensis Keratitis: The First Case. Allergy

Asthma Clin. Immunol. 2017, 13, 6. [CrossRef]
41. Edouard, S.; Fournier, P.-E.; Beye, M.; Gouriet, F.; Dubourg, G.; Delerce, J.; Swiader, L.; Raoult, D. Kocuria massiliensis Sp. Nov, a

New Bacterial Species Isolated from a Patient with Foot Osteomyelitis. Infection 2018, 46, 259–262. [CrossRef] [PubMed]
42. Mori, N.; Nishihara, Y.; Tayama, H.; Higuchi, A.; Aoki, Y. Peripherally Inserted Central Catheter-Related Bloodstream Infection

Caused by Kocuria marina in an Elderly Man. Infection 2017, 45, 683–686. [CrossRef] [PubMed]
43. Pulcrano, G.; Balzaretti, M.; Grosini, A.; Piacentini, V.; Poddighe, D. First Report of Kocuria marina Bloodstream Infection Unrelated

to a Central Venous Catheter: A Mini-Review on an Emerging and under-Recognized Opportunistic Pathogen. Infez. Med. 2017,
25, 71–74. [PubMed]

https://doi.org/10.1007/s00431-011-1573-8
https://doi.org/10.3747/pdi.2010.00132
https://doi.org/10.1186/1476-0711-10-31
https://doi.org/10.3747/pdi.2010.00125
https://doi.org/10.1128/JCM.06038-11
https://doi.org/10.3747/pdi.2011.00300
https://doi.org/10.3265/Nefrologia.pre2012.Apr.11471
https://www.ncbi.nlm.nih.gov/pubmed/22806295
https://doi.org/10.1136/bcr-2013-010339
https://doi.org/10.3343/alm.2023.43.5.520
https://www.ncbi.nlm.nih.gov/pubmed/37080756
https://doi.org/10.1099/jmm.0.054536-0
https://www.ncbi.nlm.nih.gov/pubmed/23518651
https://doi.org/10.7860/JCDR/2013/6077.3247
https://doi.org/10.1186/1471-2334-13-475
https://doi.org/10.1097/IPC.0b013e318280d90f
https://doi.org/10.1089/sur.2013.220
https://doi.org/10.1159/000360391
https://doi.org/10.1016/j.bjid.2014.09.007
https://doi.org/10.1136/bcr-2013-202610
https://www.ncbi.nlm.nih.gov/pubmed/25270154
https://doi.org/10.1097/IOP.0b013e3182a650dd
https://www.ncbi.nlm.nih.gov/pubmed/24833460
https://doi.org/10.4103/0255-0857.142232
https://www.ncbi.nlm.nih.gov/pubmed/25297040
https://doi.org/10.1016/j.jiac.2014.11.005
https://www.ncbi.nlm.nih.gov/pubmed/25497673
https://doi.org/10.1099/jmmcr.0.005040
https://doi.org/10.1016/j.eimc.2015.09.008
https://doi.org/10.1016/j.inat.2016.11.007
https://doi.org/10.1186/s41100-016-0041-3
https://doi.org/10.1186/s13223-017-0178-9
https://doi.org/10.1007/s15010-017-1076-2
https://www.ncbi.nlm.nih.gov/pubmed/29063496
https://doi.org/10.1007/s15010-017-0980-9
https://www.ncbi.nlm.nih.gov/pubmed/28102479
https://www.ncbi.nlm.nih.gov/pubmed/28353459


Microorganisms 2023, 11, 2362 11 of 13

44. Gunaseelan, P.; Suresh, G.; Raghavan, V.; Varadarajan, S. Native Valve Endocarditis Caused by Kocuria rosea Complicated by
Peripheral Mycotic Aneurysm in an Elderly Host. J. Postgrad. Med. 2017, 63, 135–137. [CrossRef] [PubMed]

45. Kilinç, A.; Tepecik, T.; Baş, M.Z.; Sancar, B. Maxillary Osteomyelitis Caused by Kocuria Species in a Patient Who Is on Long-Term
Uncontrolled Use of Methylprednisolone. J. Craniofac Surg. 2018, 29, e118–e120. [CrossRef] [PubMed]

46. Kimura, M.; Kawai, E.; Yaoita, H.; Ichinoi, N.; Sakamoto, O.; Kure, S. Central Venous Catheter-Related Bloodstream Infection
with Kocuria kristinae in a Patient with Propionic Acidemia. Case Rep. Infect. Dis. 2017, 2017, 1254175. [CrossRef]

47. Kolikonda, M.K.; Jayakumar, P.; Sriramula, S.; Lippmann, S. Kocuria kristinae Infection during Adalimumab Treatment. Postgrad.
Med. 2017, 129, 296–298. [CrossRef]

48. Aydin, M.; Ganschow, R.; Jankofsky, M. Kocuria kristinae-Caused Sepsis in an Infant with Congenital Tufting Enteropathy. Turk. J.
Pediatr. 2017, 59, 93–96. [CrossRef]

49. Barutcu Atas, D.; Arikan, H.; Aykent, B.; Asicioglu, E.; Velioglu, A.; Tuglular, S.; Ozener, C. Uncommon Presentation of CAPD-
Related Peritonitis with Unusual Organism: Kocuria kristinae. Case Report and Review of the Literature. Marmara Med. J. 2017,
30, 44. [CrossRef]

50. Almagro-Molto, M.; Suerbaum, S.; Schubert, S. Ulcerative Keratitis Due to Kocuria palustris: An Emerging Pathogen. Enferm.
Infecc. Microbiol. Clin. 2019, 37, 422–423. [CrossRef]

51. Joshi, M.G.; Cardinal, P.R.; Henry, S.M. Necrotizing Fasciitis Caused by Kocuria rosea in an Immunocompromised Patient. J. Surg.
Case Rep. 2018, 2018, rjy294. [CrossRef] [PubMed]

52. Rangnekar, R.D.; Jamaluddin, M.A.; Raja, K.; Abraham, M. Spontaneous Skull Osteomyelitis with Subgaleal Abscess Due to
Kocuria rosea. Neurol. India 2019, 67, 915–918. [PubMed]

53. Ubaldo, H.D.C.; Mesquita, L.A.D.F.; Tarlé, R.G. Disseminated purpura as the main clinical feature of a rare case of infective native
endocarditis by Kocuria rosea. J. Clin. Aesthet. Dermatol. 2019, 12, 13–14.

54. Lin, J.; Wu, X.-M.; Feng, J.-X.; Chen, M.-F. Retropharyngeal Abscess Presenting as Acute Airway Obstruction in a 66-Year-Old
Woman: A Case Report. World J. Clin. Cases 2019, 7, 3838–3843. [CrossRef] [PubMed]

55. Kate, A.; Joseph, J.; Bagga, B. Kocuria kristinae Interface Keratitis Following Deep Anterior Lamellar Keratoplasty. Indian J.
Ophthalmol. 2020, 68, 1463–1466. [CrossRef]

56. Pierron, A.; Zayet, S.; Toko, L.; Royer, P.Y.; Garnier, P.; Gendrin, V. Catheter-Related Bacteremia with Endocarditis Caused by
Kocuria rhizophila. Infect. Dis. Now 2021, 51, 97–98. [CrossRef]

57. Bernshteyn, M.; Kumar, P.A.; Joshi, S. Kocuria kristinae Pneumonia and Bacteremia. Bayl. Univ. Med. Cent. Proc. 2020, 33, 608–609.
[CrossRef]

58. Namba, Y.; Fujisaki, S.; Fukuda, T. Kocuria kristinae Infection Associated with Short Bowel Syndrome: A Case Report. Int. J. Surg.
Case Rep. 2020, 77, 276–278. [CrossRef]

59. Ali, A.M.; Waseem, G.R.; Arif, S. Rare Case Report of Infective Endocarditis Due to Kocuria kristinae in a Patient with Ventricular
Septal Defect. Access Microbiol. 2020, 2, acmi000076. [CrossRef]

60. Grama, A.; Sîrbe, C.; Fufezan, O.; Pop, T.L. Kocuria varians Meningitis in a Child with Chronic Granulomatous Disease. Turk. Arch.
Pediatr. 2021, 56, 278–279. [CrossRef]

61. Mathy, V.; Chousterman, B.; Munier, A.-L.; Cambau, E.; Jacquier, H.; Péan De Ponfilly, G. First Reported Case of Postneurosurgical
Ventriculoperitonitis Due to Kocuria rhizophila Following a Ventriculoperitoneal Shunt Placement. Infect. Dis. Clin. Pract. 2020, 28,
169–170. [CrossRef]

62. Sato, T.; Kasuya, A.; Kobayashi, H.; Asahina, Y.; Suzuki, T.; Aoyama, K.; Yamazaki, K.; Yaguchi, T. A Case of an Ex Vivo
Onychomycosis Model Introduced with a Cultured Colony of Kocuria koreensis from a Diabetic Ingrown Toenail. Med. Mycol. J.
2021, 62, 89–92. [CrossRef]

63. Kohli, U.; Hazra, A.; Shahab, A.; Beaser, A.D.; Aziz, Z.A.; Upadhyay, G.A.; Ozcan, C.; Tung, R.; Nayak, H.M. Atypical Pathogens
Associated with Cardiac Implantable Electronic Device Infections. Pacing Clin. Electrophysiol. 2021, 44, 1549–1561. [CrossRef]
[PubMed]

64. Mathew, A.; Nath, J.R.; Modaweb, A.; Lone, R.; Abuhammour, W. A Rare Case of Pediatric Central Venous Catheter-Related
Bloodstream Infection with Kocuria varians. Cureus 2021, 13, e18200. [CrossRef] [PubMed]

65. Ishihara, M.; Nagao, Y.; Nishida, Y.; Morimoto, N.; Fujieda, M. The First Case Report of Kocuria rhizophila Peritonitis in a 3-Year-Old
Japanese Girl. Pediatr. Int. 2021, 63, 1523–1524. [CrossRef] [PubMed]

66. Amadeo-Oreggioni, G.P.; Ortiz-Ramirez, G.Y.; Baquero-Ospina, P.; Salcedo-Villanueva, G.; Fromow-Guerra, J.J.; Velez-Montoya, R.
Kocuria Endophthalmitis: Clinical Spectrum and Long-Term Outcomes. Ocul. Immunol. Inflamm. 2022, 30, 1768–1774. [CrossRef]

67. Bala, R.; Kaur, N.; Gupta, N.; Narang, U. Kocuria rosea Bacteremia in Chronic Kidney Disease Patient: A Rare Case Report. J. Pure
Appl. Microbiol. 2021, 15, 1136–1138. [CrossRef]

68. Nudelman, B.G.; Ouellette, T.; Nguyen, K.Q.; Schmaus, W.H.; Chokshi, R.R. Kocuria rosea Bacteremia in a Sickle Cell Patient:
A Case Report. Cureus 2022, 14, e28870. [CrossRef]

69. Fujimiya, T.; Sato, Y. A Case of Infective Endocarditis Caused by Kocuria rosea in a Non-Compromised Patient. J. Cardiol. Cases
2023, 27, 89–92. [CrossRef]

70. Pes, M.; Amorese, V.; Baioni, A.; Donadu, M.G.; Molicotti, P.; Milia, F.; Doria, C. A Rare Presentation of Tubercular Osteomyelitis
of the Foot. J. Infect. Dev. Ctries. 2022, 16, 1655–1659. [CrossRef]

https://doi.org/10.4103/jpgm.JPGM_441_16
https://www.ncbi.nlm.nih.gov/pubmed/28397739
https://doi.org/10.1097/SCS.0000000000004090
https://www.ncbi.nlm.nih.gov/pubmed/29084112
https://doi.org/10.1155/2017/1254175
https://doi.org/10.1080/00325481.2017.1250606
https://doi.org/10.24953/turkjped.2017.01.018
https://doi.org/10.5472/marumj.299397
https://doi.org/10.1016/j.eimc.2018.10.016
https://doi.org/10.1093/jscr/rjy294
https://www.ncbi.nlm.nih.gov/pubmed/30443312
https://www.ncbi.nlm.nih.gov/pubmed/31347589
https://doi.org/10.12998/wjcc.v7.i22.3838
https://www.ncbi.nlm.nih.gov/pubmed/31799312
https://doi.org/10.4103/ijo.IJO_1455_19
https://doi.org/10.1016/j.medmal.2020.09.007
https://doi.org/10.1080/08998280.2020.1792749
https://doi.org/10.1016/j.ijscr.2020.11.006
https://doi.org/10.1099/acmi.0.000076
https://doi.org/10.5152/TurkArchPediatr.2021.20228
https://doi.org/10.1097/IPC.0000000000000829
https://doi.org/10.3314/mmj.21-00005
https://doi.org/10.1111/pace.14311
https://www.ncbi.nlm.nih.gov/pubmed/34245025
https://doi.org/10.7759/cureus.18200
https://www.ncbi.nlm.nih.gov/pubmed/34584818
https://doi.org/10.1111/ped.14653
https://www.ncbi.nlm.nih.gov/pubmed/34351687
https://doi.org/10.1080/09273948.2021.1951304
https://doi.org/10.22207/JPAM.15.3.40
https://doi.org/10.7759/cureus.28870
https://doi.org/10.1016/j.jccase.2022.10.013
https://doi.org/10.3855/jidc.15891


Microorganisms 2023, 11, 2362 12 of 13

71. Golla, M.K.; Bhat, R.M.; Lashkari, H.P. A Rare Pathogen Causing Invasive Infection in a Child on Chemotherapy. Indian J. Pathol.
Microbiol. 2022, 65, 956–959.

72. Fernández Girón, F.; Ortega Ramos, J.; Saavedra Martín, J.M.; Tirado Numancia, G.M.; Gallardo Chaparro, C.; Díaz Díez, I.; Rico
Fernández-Santaella, L.; Tarrio Herva, E. Kocuria salsicia Peritonitis in a Peritoneal Dialysis Patient. Ren. Fail. 2023, 45, 2210683.
[CrossRef] [PubMed]

73. Chaubey, P.; Mohta, V.; Mishra, M.; Wagh, A.; Sapre, S. Kocuria kristinae—An Unusual Opportunistic Pathogen in Head and Neck
Malignancy: Case Series from Central India’s Regional Cancer Care Centre. Indian J. Pathol. Microbiol. 2023, 66, 14–18. [CrossRef]
[PubMed]

74. Fowora, M.A.; Omolopo, I.A.; Aiyedogbon, A.; Abioye, A.; Oladele, O.E.; Tajudeen, A.O.; Ogunniyan, T.; Olanlege, A.-L.;
Onyeaghasiri, F.U.; Edu-Muyideen, I.O.; et al. Multidrug-Resistant Kocuria rosea and Methicillin-Resistant Staphylococcus aureus
Co-Infection in a Nigerian Patient with COVID-19: A Case Report. Am. J. Case Rep. 2023, 24, e938761. [CrossRef] [PubMed]

75. Alles, M.; Wariyapola, D.; Salvin, K.; Jayatilleke, K. Endophthalmitis Caused by Kocuria kristinae: A Case Report. Sri Lankan J.
Infect. Dis. 2020, 10, 146. [CrossRef]

76. Iyer, P.G.; Ashkenazy, N.; Weiss, S.J.; Miller, D.; Flynn, H.W. Endophthalmitis Caused by Kocuria kristinae. Case Rep. Ophthalmol.
2022, 13, 408–413. [CrossRef]

77. Dave, V.P.; Joseph, J.; Pathengay, A.; Pappuru, R.R. Clinical Presentations, Management Outcomes, and Diagnostic Dilemma in
Kocuria Endophthalmitis. J. Ophthalmic Inflamm. Infect. 2018, 8, 21. [CrossRef]

78. Stevens, D.L.; Bisno, A.L.; Chambers, H.F.; Dellinger, E.P.; Goldstein, E.J.C.; Gorbach, S.L.; Hirschmann, J.V.; Kaplan, S.L.;
Montoya, J.G.; Wade, J.C. Practice Guidelines for the Diagnosis and Management of Skin and Soft Tissue Infections: 2014 Update
by the Infectious Diseases Society of America. Clin. Infect. Dis. 2014, 59, 147–159. [CrossRef]

79. Robenshtok, E.; Gafter-Gvili, A.; Goldberg, E.; Weinberger, M.; Yeshurun, M.; Leibovici, L.; Paul, M. Antifungal Prophylaxis in
Cancer Patients after Chemotherapy or Hematopoietic Stem-Cell Transplantation: Systematic Review and Meta-Analysis. J. Clin.
Oncol. 2007, 25, 5471–5489. [CrossRef]

80. Toussaint, E.; Bahel-Ball, E.; Vekemans, M.; Georgala, A.; Al-Hakak, L.; Paesmans, M.; Aoun, M. Causes of Fever in Cancer
Patients (Prospective Study over 477 Episodes). Support. Care Cancer 2006, 14, 763–769. [CrossRef]

81. Vento, S.; Cainelli, F. Infections in Patients with Cancer Undergoing Chemotherapy: Aetiology, Prevention, and Treatment. Lancet
Oncol. 2003, 4, 595–604. [CrossRef] [PubMed]

82. Kofteridis, D.P.; Valachis, A.; Koutsounaki, E.; Maraki, S.; Mavrogeni, E.; Economidou, F.N.; Dimopoulou, D.; Kalbakis, K.;
Georgoulias, V.; Samonis, G. Skin and Soft Tissue Infections in Patients with Solid Tumours. Sci. World J. 2012, 2012, 1–6.
[CrossRef] [PubMed]

83. Kaye, K.S.; Patel, D.A.; Stephens, J.M.; Khachatryan, A.; Patel, A.; Johnson, K. Rising United States Hospital Admissions for Acute
Bacterial Skin and Skin Structure Infections: Recent Trends and Economic Impact. PLoS ONE 2015, 10, e0143276. [CrossRef]
[PubMed]

84. Aminzadeh, Z.; Simpson, P.; Athan, E. Central Venous Catheter Associated Blood Stream Infections (CVC-BSIs) in the Non-
Intensive Care Settings: Epidemiology, Microbiology and Outcomes. Infect. Dis. Health 2019, 24, 222–228. [CrossRef]

85. Herc, E.; Patel, P.; Washer, L.L.; Conlon, A.; Flanders, S.A.; Chopra, V. A Model to Predict Central-Line-Associated Bloodstream
Infection among Patients with Peripherally Inserted Central Catheters: The MPC Score. Infect. Control Hosp. Epidemiol. 2017, 38,
1155–1166. [CrossRef] [PubMed]

86. Llop, J.; Badía, M.B.; Comas, D.; Tubau, M.; Jódar, R. Colonization and Bacteremia Risk Factors in Parenteral Nutrition
Catheterization. Clin. Nutr. 2001, 20, 527–534. [CrossRef]

87. Gavin, N.C.; Button, E.; Keogh, S.; McMillan, D.; Rickard, C. Does Parenteral Nutrition Increase the Risk of Catheter-Related
Bloodstream Infection? A Systematic Literature Review. JPEN J. Parenter. Enteral Nutr. 2017, 41, 918–928. [CrossRef]

88. Austin, P.D.; Hand, K.S.; Elia, M. Systematic Review and Meta-Analyses of the Effect of Lipid Emulsion on Microbial Growth in
Parenteral Nutrition. J. Hosp. Infect. 2016, 94, 307–319. [CrossRef]

89. Fowler, V.G.; Durack, D.T.; Selton-Suty, C.; Athan, E.; Bayer, A.S.; Chamis, A.L.; Dahl, A.; DiBernardo, L.; Durante-Mangoni, E.;
Duval, X.; et al. The 2023 Duke-ISCVID Criteria for Infective Endocarditis: Updating the Modified Duke Criteria. Clin. Infect. Dis.
2023, 77, ciad271. [CrossRef]

90. Sun, Y.-P.; O’Gara, P.T. Cardiovascular Conditions Predisposing to Infective Endocarditis: Time to Reconsider the Current Risk
Classification System? Eur. Heart J. 2018, 39, 596–598. [CrossRef]

91. Vincent, L.L.; Otto, C.M. Infective Endocarditis: Update on Epidemiology, Outcomes, and Management. Curr. Cardiol. Rep. 2018,
20, 86. [CrossRef] [PubMed]

92. Akoh, J.A. Peritoneal Dialysis Associated Infections: An Update on Diagnosis and Management. World J. Nephrol. 2012, 1, 106.
[CrossRef] [PubMed]

93. Boudewijns, M.; Vandeven, J.; Verhaegen, J. Vitek 2 Automated Identification System and Kocuria kristinae. J. Clin. Microbiol. 2005,
43, 5832. [CrossRef] [PubMed]

94. Rahim, G.R.; Gupta, N. Is It Really Kocuria kristinae? Infectio 2020, 25, 75–76. [CrossRef]
95. Slatko, B.E.; Gardner, A.F.; Ausubel, F.M. Overview of Next-Generation Sequencing Technologies. Curr. Protoc. Mol. Biol. 2018,

122, e59. [CrossRef] [PubMed]

https://doi.org/10.1080/0886022X.2023.2210683
https://www.ncbi.nlm.nih.gov/pubmed/37170866
https://doi.org/10.4103/ijpm.ijpm_776_21
https://www.ncbi.nlm.nih.gov/pubmed/36656204
https://doi.org/10.12659/AJCR.938761
https://www.ncbi.nlm.nih.gov/pubmed/36998203
https://doi.org/10.4038/sljid.v10i2.8281
https://doi.org/10.1159/000521318
https://doi.org/10.1186/s12348-018-0163-6
https://doi.org/10.1093/cid/ciu444
https://doi.org/10.1200/JCO.2007.12.3851
https://doi.org/10.1007/s00520-005-0898-0
https://doi.org/10.1016/S1470-2045(03)01218-X
https://www.ncbi.nlm.nih.gov/pubmed/14554236
https://doi.org/10.1100/2012/804518
https://www.ncbi.nlm.nih.gov/pubmed/22448140
https://doi.org/10.1371/journal.pone.0143276
https://www.ncbi.nlm.nih.gov/pubmed/26599005
https://doi.org/10.1016/j.idh.2019.07.003
https://doi.org/10.1017/ice.2017.167
https://www.ncbi.nlm.nih.gov/pubmed/28807074
https://doi.org/10.1054/clnu.2001.0488
https://doi.org/10.1177/0148607117714218
https://doi.org/10.1016/j.jhin.2016.08.026
https://doi.org/10.1093/cid/ciad271
https://doi.org/10.1093/eurheartj/ehx797
https://doi.org/10.1007/s11886-018-1043-2
https://www.ncbi.nlm.nih.gov/pubmed/30117004
https://doi.org/10.5527/wjn.v1.i4.106
https://www.ncbi.nlm.nih.gov/pubmed/24175248
https://doi.org/10.1128/JCM.43.11.5832.2005
https://www.ncbi.nlm.nih.gov/pubmed/16272536
https://doi.org/10.22354/in.v25i1.916
https://doi.org/10.1002/cpmb.59
https://www.ncbi.nlm.nih.gov/pubmed/29851291


Microorganisms 2023, 11, 2362 13 of 13
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