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Abstract

Nosocomial or hospital acquired infections (NI or HAI) pose significant danger to immunocompromised
individuals. Many pathogens involved in NI evade early detection during the initial testing since they
are misdiagnosed as contaminants and are also resistant to various first-line antibiotics. Few of the
common pathogens that cause NlIs or HAls include various strains of E. coli, Staphylococcus aureus,
Pseudomonas aeruginosa, Klebsiella sp., etc. Kocuria sp. previously considered to be an opportunistic
pathogen, has recently been identified as the causative agent for a variety of NlIs affecting neonates
and immunocompromised; cholecystitis, peritonitis, endocarditis, etc. being some of the symptoms
caused. Hence, this genus has received more research attention to devise novel strategies for diagnosis
and effective treatments of infections. The present review focuses on various features of the genus
Kocuria, different types of infections caused, case studies highlighting various promising treatment
strategies and the antimicrobial resistance shown by the members of this genus.
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INTRODUCTION

Nosocomial or hospital acquired
infections (NI or HAI) are those which occur in
a patient within 48-72 hours after admission
in a hospital, but were not present at the time
of entry. Such infections often arise because
a patient’s immune system is weakened while
fighting pre-existing illnesses. The most commonly
encountered NI affects the respiratory, urinary,
gastrointestinal and circulatory tracts and also
surgical sites.! The main pathogens which cause
Nls include various strains of Klebsiella species,
Staphylococcus aureus, E. coli, Pseudomonas
aeruginosa, etc. These are notorious as most of
them are resistant to many of the commonly used
antibiotics.? In a global study on the prevalence of
Nls in various countries, it was found that they are
on the rise, with a global annual rate of increase
of 0.06%.3 Kocuria belongs to a bacterial genus
which has been observed to cause more Nis
recently. They are considered potential pathogens
affecting neonates, immunocompromised and
those receiving urgent medical attention.* The
commonly observed symptoms include peritoneal
dialysis associated infections, meningitis, skin
infections, catheter-associated bacteremia, brain
abscess, canaliculitis, cholecystitis, keratitis,
peritonitis, endophthalmitis, endocarditis and
necrotizing mediastinitis.>® Once considered
merely opportunistic pathogens, Kocuria species
are now known to cause a range of serious
infections. This review discusses the different
Kocuria species, their associated infection
types, and the current strategies for disease
management.

Nosocomial infections are the leading
cause of preventable harm to hospital patients
and pose a huge drain on healthcare resources.
They are typically caused by several antibiotic-
resistant bacteria, and the management of
nosocomial infections many a times promotes the
development of resistant bacteria. Understanding
the intricate interplay of factors that contribute to
nosocomial infection is the first step in improving
patient outcomes. Most of the Kocuria infections
reported were from patients who were affected by
severe underlying illnesses, such as solid tumors,
catheter-related bacteraemia, hematologic
malignancies, or metabolic disorders.”® Though

many species have been reported in this genus,
5 of them have been found to be opportunistic
pathogens.® Future research must prioritize
understanding Kocuria infections, given the lack
of significant knowledge gaps in epidemiology.®

Features of members of genus Kocuria

The word Kocuria is adopted from
the name of a Slovak microbiologist, Miroslav
Kocur. Kocuria spp. are coccoid Actinobacteria
that are Gram-positive, coagulase-negative,
catalase-positive, belonging to the family
Micrococcaceae, order Micrococcales and class
Actinomycetes.® They are found to be organized
as irregular clusters, in pairs, short chains and
tetrads.® To date, 26 species of Kocuria have
been described. Among these, K. rosea is a
significant representative and K. coralliis the most
recently discovered.? Initially, this bacteria was
classified as Micrococcus, but taxonomic changes
were introduced in accordance with 16S rDNA
sequences and composition of amino acids in
peptidoglycan, following phylogenetic analysis.>**
They are coagulase-negative and catalase-
positive in nature, often wrongly identified as
coagulase-negative Staphylococci, which might
cause misjudgment of the infections caused in
patients.’>*3 On nutrient agar, Kocuria rosea has
pink colonies which are smooth and circular. It is
aerobic, non-spore-forming, catalase-positive and
oxidase-negative. Also, in blood agar it forms non-
hemolytic colonies and is non-capsulated, non-
motile, non-spore forming and gives a positive
reaction for Voges-Proskauer test and non-acid
fast test. Various Kocuria species reacts differently
to biochemical tests including nitrate reduction,
gelatinase, citrate, urease, amylase, phosphate,
oxidase, arabinose, and N-acetyl-L-glutamic acid
tests.> Kocuria spp. form round and large colonies
with diffusible golden pigmentation on tryptic
soy agar (TSA). Menaquinones MK-7(H2) and
MK-8(H2): lysine-based A3a-type peptidoglycan,
and saturated branched fatty acids are the
predominant components that are found in the
cell envelopes of Kocuria.*

The close relationship between
Micrococcus and Arthrobacter species was noted
before the results of 16S rDNA sequence analyses
became available. In 1974 it was pointed out
that “Micrococcus species should be regarded
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as degenerate forms, locked into the coccoid
stage of the Arthrobacter life cycle”. The scientist
Stackebrandt et al.> proposed the genus Kocuria,
which has 26 species discovered till now. Many
members of Kocuria species show differences in
their biochemical tests and hence identification
may not be accurate in many instances. More

advanced techniques like 16S rRNA and MALDI-
TOF MS could give more precise taxonomic
identification of the members of this genus,*
though many times, taxonomic reframing of
species of Kocuria has been observed.®

Only three of these known species viz.
K. kristinae, K. rosea, and K. rhizophila, have been

Table 1. Different species of Kocuria and their characteristic features

Species of Characteristic features

Kocuria

K. rosea Spherical cells, circular, pink or red and smooth (occasionally rough): obligate aerobe,
mesophile or psychrophile based on strain.

K. aegyptia Pink, circular, opaque colonies, non-motile coccoid cells.*

K. carniphila
K. rhizophila

K. palustris

K. kristinae
K. flava

K. polaris

K. himachalensis
K. turfanensis
K. koreensis

K. gwangalliensis

atrinae
halotolerans
dechangensis
indica
salsicia

XRRXXAXRX

=

marina
K. varians

K. arsenatis
K. tytonis
K. pelopila
K. subflava

K. oceani
K. salina

K. coralli

Coccoid cells, non-acid-fast, non-motile, opaque, colonies of circular shape.?®
Non-endospore-forming, appear as packets measuring radius of 0.5 to 0.75
micrometre, non-acid-fast.?

Light-yellowish pigmented colonies. Spherical cells, 0.5 to 0.75 micrometre radii,
non-endospore forming, non- acid-fast.?

Spherical cells (radius 0.35-0.55 um), colonies seen includes smooth or rough.
Gram-positive, yellowish colonies, distinguished from K. turfanensis by ~6 mol%
difference in DNA G+C values.?

Isolated from Antarctic cyanobacterial mat, orange colonies, cells are of 0.5-0.75
um in radius and are coccoid cells.”

Circular, reddish orange colonies with 0.5-0.75 pum in radius.?*

Gram-positive, yellowish to orange colonies.?

Light orangish colonies which are opaque. Cells are coccoid with a radius of 0.5-0.75
um.z

Aerobic, non-motile, non-endospore forming, pink—orange pigmented colonies,
spherical 0.3-0.6 um in radius.?

Light yellowish colonies, coccoid cells with a radius of 0.5-0.75 micrometer.?®

Light yellowish colonies, cells are coccoid with 0.3-0.5 pm in radius.?”

Beige-yellow colonies, Gram-positive & coccoid cells (0.4-0.65 um in radius).?®
Gram-positive, lemon-yellow colonies, aerobic, non-motile coccoid.?

Lemon-yellow colonies, opaque, circular coccoid cells, measuring 0.5-0.75 um in
radius.>°

Halotolerant cells- tolerates upto 16% NaCl, non-motile, aerobic, coccoid cells.®*

Recorded from milk, spherical cells (radius of 0.45-0.75 um); yellowish colonies,
glistening smooth colonies.

Arsenic resistant endophyte, aerobic, cells measure 0.1-0.3 um in radius, non-
endospore producing. Opaque, circular, smooth yellow colonies.®

Non-lipophilic, non-motile, elevation is pulvinate, 0.5 mm radius, dry, non-viscous,
non-sporulating cocci.®

Mangrove-rhizosphere isolate, Gram-positive, spherical, non-motile, aerobic,
measuring approximately 0.5 um in radius, circular colonies.®

Marine sediment isolate, Gram-positive, catalase positive, oxidase negative, aerobic,
non-motile cocci, 0.25-0.45 mm in radius.?*

Coccoid, circular, convex, pinkish orange.®

Gram-positive, non-motile, oxidase-negative, pastel orange colored colonies, catalase
positive, starch hydrolysis positive.®

Non-motile, aerobic. Spherical cells with 0.35-0.45 um in radius, circular colonies,
polar lipids include cardiolipin, phosphatidylglycerol.*®
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Table 2. Important pathogenic species of the genus Kocuria and their clinical manifestations

Disease Manifestation

caused

Name of the
pathogen

Symptoms

Kocuria kristinae  Cholecystitis

Inflammation of the gallbladder Pain in the right upper abdomen and right

shoulder, nausea, vomiting, fever.'®

Pain, redness, and swellingin the inner corner
of the eye.*

Abdominal pain, turbid effluent, nausea, mild
fever.*

Tachycardia, elevated fever and rate of
respiration.*

Eye redness, blurred vision, eye pain.*

Kocuria rhizophila  Dacryocystitis Infection of the lacrimal sac

Kocuria marina Peritonitis Infection of peritoneum

Kocuria rosea Catheter Bacteremia originating from
associated an intravenous catheter
bacteremia

Kocuria koreensis Infectious Conjunctival allergic disease
keratitis with atopic facial dermatitis

recognized to be clinically important infectious
agents. All three species are connected to catheter-
related bacteremia.'®!® Some of the important
species coming under the genus Kocuria, with their
characteristic features are listed in Table 1.

Pathogenic species of Kocuria and disease
symptoms

Scientists describe members belonging
to the genus Kocuria as saprophytes since they
are commonly found in soil, water, and the
atmosphere.®* Some of them are also found in
the human skin epidermis and oral flora.t>?%%7
In 1974, it was initially recognized as an origin
of infection of the urinary tract and the name
Micrococcus kristinae was given.? Kocuria spp.
have been found in the oral cavity, but their
pathogenicity is diminished, since, when extracted
from clinical specimens, they are usually handled
as lab contaminants and given little consideration.
The late twentieth century saw a rise in cases of
diseases caused by Kocuria species. Identification
of phenotypes may not be able to distinguish
between every member of the species due to the
variability of the results of carbon assimilation and
biochemical tests in different Kocuria species.®
Some of the important pathogenic species of the
genus Kocuria and their clinical manifestations are
listed in Table 2.

The most common symptoms of Kocuria
infection include sepsis and enhanced levels
of platelets, leucocytes and CRP.” Despite the
lack of knowledge on the epidemiology and
pathogenicity qualities, it has been suggested that

biofilms have a role in adhesion, colony formation
and infection.®® Although K. rosea is a very
uncommon human pathogen and a commensal
of the epidermis and oropharynx, its significance
in infection may be underappreciated due to
probable misidentification and the perception
of micrococci as contaminants.® These bacteria
cause multiple kinds of infections, most of them
occurring in immunocompromised hosts with
serious underlying diseases.>®

The usage of N-acetyl-L-glutamic acid,
inulin, urease, oxidase, amylase, phosphatase
and nitrate reduction tests, among other standard
biochemical tests, have all been found to cause
distinct reactions in different species of Kocuria.?
This may be the cause of the incorrect identification
provided by automated and conventional
technologies for bacterial identification. But
previous studies have shown that Kocuria
can still be distinguished from Micrococcus
and Staphylococcus with morphology, culture
identification and antibiotic discs in the absence
of molecular and diagnostic approaches. Kocuria
spp. are resistant to nitrofurantoin and lysostaphin
but sensitive for bacitracin and lysozyme.***

As an opportunistic pathogen, K. rosea
was found in many infections of urinary tract,
endocarditis and in people receiving peritoneal
dialysis, bacteremia, as well as disease related to
medical equipment inimmunocompetent patients
and those with underlying conditions.®4647
K. kristinae has also been linked to acute
cholecystitis.'® K. varians, another species, was
found in a patient with a brain oedema.*® K.
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kristinae has been linked to various intravascular
diseases inimmunocompromised hosts, anillness
aggravated by septic pulmonary emboli caused by
suppurative thrombosis. In this case, a catheter-
related BSI that resulted in such problems was
notable.’

Nosocomial infections - case studies

The importance of Kocuria in transmitting
illnesses picked up in hospitals has been
addressed.* The same study also stated that
Kocuria spp. should be regarded as possible
pathogens in immunocompromised patients,
those receiving critical care treatment, and
newborns, even though they coexist with people,
animals, and the environment. More than 50% of
patients in a research involving twelve adolescents
who had underlying, severe illnesses such as
cancer and were born from preterm delivery
developed invasive infections with Kocuria spp.>°
There is an increasing trend of reported illnesses
brought on by Kocuria spp. in previously healthy
and immunocompetent people.

A 58 year-old woman with descending
necrotizing mediastinitis, who was also taking
medication for hypertension and gout, was found
to have K. rosea.* A 10 year-old female patient
developed endocarditis from K. rosea despite
being healthy, although she had undergone
surgery to treat congenital heart problems.>* The
strain was collected from a case of peritonitis and
tested negative for biofilm formation by Kocuria
species.** The isolation of K. marinain a 7 year-old
patient on epoprostenol therapy, tolerant to highly
alkaline conditions, serves as a warning about the
potential of Kocuria spp. for opportunistic and
nosocomial infections.**2

In a study conducted from June 2019
to June 2021, 7 out of 261 bacteremia positive
cases contained Kocuria isolates. The study was
conducted on pediatric patients between the age
of 4 months to 10 years. These patients either
had urinary tract related diseases or symptomatic
bacteraemia, showing fever within 24 hours of
hospitalization. Five cases of K. kristinae, one case
of K. rhizophila, and one case of K. rosea were
detected. These species exhibited 100% resistance
to ceftazidime, gentamicin, and amikacin. The
low frequency of Kocuria species isolations may

possibly be caused by the fact that these species
are members of a class of bacteria that are usually
overlooked while diagnosing. Additionally, it might
be underrated, given how much they resemble
coagulase-negative Staphylococci.>® These results
arein line with previous research conducted on K.
kristinae urinary tract infections.>*>®

A 55 year-old African American woman
with sickle cell pain episodes in her arms, legs,
and chest was later diagnosed with a nosocomial
infection by K. rosea.>” Standard anti-staphylococcal
drugs were ineffective because of the resistance
of Kocuria to lysostaphin and nitrofurantoin. The
infection, which began as a catheter-associated
case, progressed to bacteremia.

K. varians induced central venous
catheter (CVC) infection could also be successfully
treated with CVC salvage.*®

In a study of 12 pediatric patients with
Kocuria infection in blood, one child had acute
leukemia and six were premature infants, all
of whom had central venous catheters. Fever,
hypothermia, apnea, or bradycardia were the
symptoms; there was no other evident illness
and sepsis treatment was given.>® Such cases
call for the need to correctly identify the bacteria
to prevent such cases not just in patients with
impaired immune systems, but also in healthy
people.®!

Successful treatment strategies for Kocuria
infections

Given that the infections caused by
Kocuria species are rare, clinicians may misinterpret
and classify them as culture contaminants and
hence due care has to be taken in patients with
medical implants.®®? Even in people with known
risk factors, infections by Kocuria species are
uncommon, yet they can occur in patients without
these characteristics as well.®? The resistance
to nitrofurantoin/furazolidone displayed by
Kocuria species is one of the main requirements
for first phenotypic identification. Susceptibility
to beta-lactams, quinolones, lincosamides and
cotrimoxazole and resistance to kanamycin (among
the aminoglycosides) has been observed. Few of
the prominent antibiotics used against Kocuria
and their modes of action are depicted in Figure.
Reports of resistance to fusidic acid, rifampicin,
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linezolid, or streptogramins have not been reported
yet. It is known that Gram-positive bacteria inherit
resistance to colistin and polymyxin; however,
Kocuria species vulnerable to polymyxin are
unusual.® To assess the susceptibility profile of the
Gram-positive Kocuria species, a few case studies
have been conducted.

In a study of 20 isolates of K. kristinae,
four patients (3 with catheter-related bacteremia
and 1 with infective endocarditis) had implanted
catheters. Removal of these catheters helped in
reducing the infection. Four K. kristinae isolates
had MICs up to 4 mg/L for Oxacillin and hence
were deemed resistant. One isolate of K. marina
was also identified in this study.®®

In a 31 year-old patient who received
complete parenteral feeding due to propionic
acidemia (via the central venous catheter, CVC)
and on hemodialysis, K. kristinae was identified in
the blood culture. In a situation of uncomplicated
CRBSI (Catheter-related bloodstream infection):
combination treatment and 10-14 days of
antibiotic delivery through the colonized catheter
was advised, along with antibiotic lock therapy as
advised by the IDSA (Infectious Diseases Society
of America) as per the revised guidelines issued
in 2011. This was the first successful treatment to
preserve the catheter.®

A 52 year-old patient with comorbidities
was infected with K. varians causing brain abscess.
After receiving third-generation cephalosporins
intravenously for four weeks, the patient was
transitioned to taking them orally for two weeks.
While erythromycin, amikacin, amoxicillin,
ceftriaxone, and cefuroxime were reported
to be effective against the majority of Kocuria
and Micrococcus strains, third-generation
cephalosporins were utilized due to breach of
blood-brain-barrier and penetration of the abscess
capsule.®® In a similar case of brain abscess caused
by K. rosea, antibiotic therapy with cefepime was
administered for four weeks, gradually improving
mental capabilities and resulting in a normal
neurological evaluation at release. A month later,
lesions were no longer present in the brain MRI.%

In the case of Kocuria ocularis which
caused dacrocystitis infection in a patient aged
74 years, the patient was given 1 g amoxicillin and
125 mg clavulanic acid via oral route twice a day
combined with topical application of tobramycin
dexamethasone ophthalmic ointment (Alcon)
and it was observed that the patient’s symptoms
promptly decreased and did not reappear 15
months post surgery. By disc diffusion analysis,
the isolate was found to be sensitive to a wide
range of antimicrobials (like benzylpenicillin,

Inhibits cell

wall synthesis

 Inhibits cell wall
t synthesis

Inhibits polypeptide
synthesis
U:> ' (codon misreading)

'":'b":‘:l;m“ Inhibits the activity of type 2
tyr:n Sistin =] == topoisomerase, DNA gyrase,
topoisomerase 4
Inhibits. protein Inhibits cell wall synthesis
synthesis at 508 — (via transpeptidase
ribosome ‘ ‘ inhibition)
Interferes with cell
wall enzymes

Figure. Mode of action of antibiotics commonly used to treat infections caused by pathogenic species of Kocuria
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oxacillin, cefoxitin, moxalactam, novobiocin,
linezolid, erythromycin, lincomycin, pristinamycin,
rifampicin, ofloxacin, vancomycin, teicoplanin,
kanamycin, gentamicin, tobramycin, rifampicin,
tetracycline, fosfomycin, cotrimoxazole, and
fusidic acid) and antibiotics like beta-lactamase
(breakpoints of Staphylococcus spp. were used).®®

The first instance of K. rhizophila
causing bacteremia with infective endocarditis
occurred in 2021, recorded in a 81 year-old
patient with comorbidities. The strain was
sensitive to Cefoxitine, kanamycin, clindamycin,
and trimethoprim/sulfamethoxazole but was
resistant to erythromycin and norfloxacin
(according to the sixth edition of EUCAST-European
Committee for Antimicrobial Susceptibility Testing,
staphylococcus-species interpretation criteria for
the agar disk diffusion assay). Third-generation
cephalosporins were administered to the patient
in compliance with the EUCAST section “PK/PD
(non-species related) breakpoints”, sensitivity
profile, and categorization rearrangement in order
to prevent clinical failure. Currently, Kocuria has
no established treatment plans or standards for
antibiotic susceptibility and hence most often
Staphylococcus breakpoints are used in most
publications.®

A recent case was reported on total hip
replacement surgery performed on a 74 year
old male patient due to pain on the right side of
hip. After 6 weeks of surgery he had symptoms
like erythema, swelling, tenderness over the
wound and problem with weight-bearing. On
examination, it was found that debridement
and implant retention had to be performed.
Further, the patient had to be put on intravenous
Vancomycin and Piperacillin-Tazobactam. The
culture test revealed 1 out of 5 samples isolated
from lesser trochanter as K. rhizophila and the
patient was put on IV Vancomycin for a period of
12 weeks.®’

In Nigeria during the COVID-19 pandemic,
a 72 year old male presented with symptoms of
COVID-19 like cough, loss of taste, sore throat,
fever and furthermore respiratory distress and
urinary incontinence was later diagnosed with the
presence of S. aureus and Kocuria species (which
was earlier misidentified for coagulase-negative
Staphylococci) showing 97.87% match to the DNA
sequence of K. rosea. Both the strains showed high

resistance to multiple drugs upon subjecting them
to antibiotic susceptibility testing. After 5 days, the
patient died while the treatment was ongoing due
to certain complications.®®

A 74 year-old man with stomach pain
and cloudy peritoneal effluent who has been
undergoing peritoneal dialysis for 32 months
(previously diagnosed with anuric kidney failure)
was found to be infected with K. salsicia, which
was reported to be sensitive to aminoglycosides,
trimethoprim-sulfamethoxazole, erythromycin,
clindamycin, linezolid, and glycopeptides but
resistant to penicillin, oxacillin, and quinolones.
Initially he was treated with intraperitoneal
vancomycin (2 g dose given once) and ceftazidime
(1 g dose given everyday at overnight exchange)
alternatively switching with dialysis 4 times each
day. Later due to the unresponsive nature of the
infection, the prescribed course of antibiotics was
adjusted to include 600 mg of rifampicin taken
orally every day, 350 mg of daptomycin, and
50 mg of tobramycin exchanged overnight. No
improvement was observed which could possibly
be due to the formation of biofilm on the surface
of the catheter by the bacteria, the type of strains
involved or the type of antibiotics used for the
treatment.®®

Addressing a prospective one-year
observational research conducted at a hospital
from January 2021-December 2021, samples (10
CSF, pus, peritoneal fluid, extraventricular drainage
tip, and BAL) were collected from 14 patients.
On examination and confirmation by VITEK 2
and MALDI-TOF, 6 isolates were identified as K.
kristinae and 6 as K. rosea and 2 as K. rhizophila.
Kocuria was not isolated from any of the adult
patients throughout the observation period;
the antibiograms of these 3 Kocuria species also
were varied. Given that there are no established
guidelines for Kocuria in CLSI, utilizing the disc
diffusion method, antibiotic susceptibility testing
was carried out, and zone interpretation was
predicated on Staphylococcus.™

Another case of single-center
retrospective analysis in China, which is considered
as the largest case series, a range of diseases in
children brought about by the Kocuria species
was examined. Out of the 36 patients, 29 people
contracted the infection from K. kristinae, 4 by
K. rosea, 2 by K. varians and 1 by K. rhizophila
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(bloodstream infection was identified in a total
of 26 patients, 6 with pneumonia related to
ventilator use, and 1 with urinary tract infection,
purulent meningitis, cholangitis and empyema
related to catheter use). While most of these
patients were immunocompromised, some were
immunocompetent; the study set included 4
children too, with early onset before the age
of one. While all Kocuria species exhibited
resistance to oxacillin and penicillin, they were
all vulnerable to linezolid, vancomycin, and
tigecycline. Majority of the cases were resolved
using suitable antimicrobial medications.”
Vancomycin (47%):cephalosporins
(39.5%):quinolones (36.6%):linezolid
(17%):aminoglycosides (14%):penicillin
(7.9%):aminopenicillin (6.9%):clindamycin
(5.9%):carbapenems (5%): and daptomycin (2%):
were the most often used antimicrobials for
treating Kocuria infections. In 36.6% of cases,
surgery was combined with antimicrobial therapy.
The overall death rate was 5.9%, of which 4.9%
was directly related to the infection.” Thus, the
treatment strategy to cure Kocuria infections
depends on a number of factors like accurate and
timely diagnosis, resistance profile of the strain,
age of patient, comorbidities, days of infection etc.

Antimicrobial resistance, resistance genes and
possible mechanisms

Initially members of Kocuria species
were considered non-pathogenic but recently
there has been an increase in the infections with
symptoms like endocarditis, peritonitis, meningitis,
osteomyelitis, and brain abscess.®® Due to the
limited number of cases reported for infections
caused by Kocuria, there are no particular
therapeutic treatments and administrative
measures for this pathogen. At the same time, they
show resistance to antimicrobials like ampicillin
and erythromycin.?® Antimicrobial resistance
in bacteria poses a huge global problem. Our
ability to treat infectious diseases and make
improvements in health and medicine is impaired
due to the antimicrobial resistance.® To avoid the
transmission of antimicrobial-resistant bacterial
strains, it is important to use antimicrobials more
appropriately and wisely.*?

A French study demonstrated the ability
of Kocuria spp. to grow even after simultaneous

administration of penicillin and oxacillin. Kocuria
spp. was found to be resistant to erythromycin
to which it was earlier sensitive.” Kocuria genus
was found to possess 5 types of ARGs (antibiotic
resistance gene) including fosmidomycin
(rosA):bacitracin (bacA):quinolone (gepA):MLS
(macB) and multidrug (mdtF, mexF and oprC).”
A study conducted on pasteurized milk in Brazil,
showed multidrug resistance (MDR) of more than
half of the isolates of Kocuria. The major resistance
was found to be against tetracycline, penicillin and
clindamycin.”

K. rosea resides on our skin as a normal
flora but it is noticed that this gram positive
bacteria is capable of causing blood infections
associated with the central line in patients who
are catheterized and immunocompromised.®7¢ K.
rosea demonstrated resistance to various classes
of antibiotics like macrolides, cephalosporin,
fluoroquinolones, ciprofloxacin and ceftriaxone.”
In a study to detect mecA gene in different species
of bacteria by PCR, an isolate of K. rosea was
found with the mecA gene, which was previously
not reported. On consecutive analysis, it was
concluded and confirmed by the NCBI database
that the mecA gene in K. rosea was a result of
horizontal gene transfer from S. aureus.”” In a
study, from catheter related bacteraemia, though,
K. rosea was found to be sensitive to vancomycin in
vitro, no changes in the condition of the patient was
noticed after drug administration until the removal
of the catheter. According to a hypothesis, the
bacteria gained protection against the antibiotics
by the formation of biofilm on the device.** The
index of adhesiveness of Kocuria spp. is high, which
explains their function in the first stage of biofilm
development.” The microorganism organizes
itself in a three dimensional arrangement with
high synergism which helps withstand external
hindrances like harsh environmental factors,
immune system factors and antimicrobial agents,
all these being traits conferred to biofilm forming
bacteria.

Isolates of K. kristinae, which is another
species of Kocuria show frequent resistance
to penicillins, gentamicin and erythromycin.”
Arecent in silico study identified presence of many
antibiotic resistance genes in 5 strains of Kocuria.®
K. kristinae were found to be associated with
invasive infections in very young children and
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in patients suffering from malignancies or who
are immunocompromised.®! For the isolate, K.
kristinae_LC, seven genes were implicated in
antibiotic resistance. Furthermore, this isolate
also showed resistance to bacitracin. Gene_1280
was identified in the PHI database which produces
multidrug-resistance proteins and provides
antimicrobial resistance to the bacteria; four genes
that encode prevent-host-death proteins were
revealed after genome analysis. Overexpression
of these genes could have contributed to
antibiotic resistance and increased rate of biofilm
formation.#?

Isolates of K. varians were collected in
Spain from cheese samples made out of raw milk.
Two isolates were highly resistant to oxacillin
and furazolidone and showed resistance to more
than five antibiotics.®® Meletis et al. reported the
resistance of K. varians to levofloxacin in a patient
receiving continuous ambulatory peritoneal
dialysis (CAPD).*®* An isolate of K. rhizophila from
a 3 year-old patient with a catheter showed
resistance to erythromycin and ciprofloxacin.®
K. rhizophila isolated from the blood of another
pediatric sepsis patient was found to be resistant
only to norfloxacin.'” The genome of K. rhizophila
strain DC2201 revealed the presence of 13 proteins
that are likely to be involved in a multidrug efflux
mechanism. These proteins facilitate the active
transport of various unrelated molecules from
the cytoplasm to the extracellular environment.
It is presumed that during this process, the toxic
organic compounds are transported outside.
Interestingly, one of these 13 efflux proteins
shows homology with Xanthomonas albilineans
pump, which is a plant pathogen. This could be
possibly due to some evolutionary association
of the similar niches shared by these 2 bacterial
ancestors. The extent of efflux activity on providing
drug resistance and affecting drug sensitivity is still
unclear.”®

Recent research on antibiotic resistance of
Kocuria has thrown light on some serious pointers
as indicated by infective endocarditis caused by K.
kristinae,® relapsing dialysis associated peritonitis
due to K. rhizophila®® and catheter associated
bacteremia in a pediatric cancer patient.*” In a
recent study on clinical samples collected from 2
countries viz. Egypt and Iraq, macrolide resistance
of K. kristnae was very evident.?® An even more

pertinent problem lies in the spread of these
resistant Kocuria in the environment. In a recent
study, raw milk samples have been shown to
harbour multidrug-resistant (Lindamycin and
Ampicillin) Kocuria with biofilm forming ability.®
Hence measures should be initiated to have in
depth studies on the environmental spread of such
resistant strains and theirimpact on public health.

When compared to major Gram-positive
(S. aureus and Clostridium difficile) and Gram-
negative (Klebsiella pneumoniae, Pseudomonas
aeruginosa, Enterobacter, Acinetobacter
baumannii) nosocomial pathogens, the number
of cases and severity of infections caused by
Kocuria are lower, with catheter related sepsis
in immunocompromised and post surgery
patients being a major event in multiple cases;
mostly resulting in peritonitis, endocarditis and
colitis. 48487

The genome of Kocuria indica DP-K7
was sequenced via k-mer-based method in
PATRIC platform; the genome was found to carry
antimicrobial resistance genes like rpoB, folA,
gyrA, fabl-like, dxr, S10p, efG, Iso-tRNA, fabgG,
gyrB, folP, rho, efTu, dfr, alr, htdX, gidB, kasA, mtrA,
rpoC, erm(X):mtrB, ddl, pgsA, GgdpD, murA and
IpgB.*° Table 3 elaborates the prominent AMR
mechanisms of few important pathogenic bacterial
species.

CONCLUSION

Kocuria spp., owing to its potential
pathogenicity to cause a range of infections
including urinary tract infections, endocarditis,
meningitis, etc., has gained attention in recent
years as a nosocomial pathogen. Species such as K.
kristinae, K. rosea, etc. have been identified to be
a threat to people who are immunocompromised
and those with underlying medical conditions.
Treatment methods vary, including surgical
interventions and the use of antibiotic cocktails.
However, the identification of the species has
remained quite tricky due to its morphological
similarities with other closely related species. This
has in turn led to the initiation of inappropriate
treatment approaches for the diseases
associated with the pathogen. Kocuria species
show resistance to several classes of antibiotics
such as penicillin, erythromycin, cephalosporin
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and fluoroquinolones, making the treatment
excessively difficult. Due research focus should be
on biofilm mechanisms and ways of tackling them,
genome characterization to identify virulence
and resistance genes, identifying HGT events and
also to pinpoint nosocomial transmission routes.
Hence, it is important to prevent the transmission
of such strains of bacteria by understanding the
mode of disease transmission, enabling improved
and early identification, enhanced patient care and
by the use of appropriate antibiotics.
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