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Abstract

0Oz

Objective: Citrobacter spp. is a gram-negative bacterium from the En-
terobacteriaceae family that is an opportunistic pathogen causing infec-
tions such as urinary tract, respiratory tract, surgical wounds and bacter-
emia. Although Citrobacter strains colonizing the human gastrointestinal
tract are traditionally thought to have low virulence, they can cause se-
rious clinical pictures, especially in immunocompromised, neonatal and
elderly groups. In recent years, it has been shown that the association
with mortality is higher with the spread of multidrug resistant strains. In
Turkiye, studies evaluating the characteristics of bloodstream infections
caused by Citrobacter spp. in pediatric patients are rare. The aim of our
study was to determine the clinical and laboratory findings, antibiotic
resistance, mortality rate and prognosis of hospitalized patients with Cit-
robacter spp. in blood culture samples.

Material and Methods: Patients hospitalized in a tertiary care hospital
between December 2013 and April 2021 with Citrobacter spp. growth
in blood cultures were included in this study. Age, sex, comorbidities,
presence of central venous catheter, use of mechanical ventilation, total
parenteral nutrition, laboratory findings, duration of hospitalization, oth-
er sterile field culture samples, culture antibiograms, and antimicrobial
treatments were determined as variables and recorded on pre-prepared
forms.

Giris: Citrobacter spp., Enterobacteriaceae ailesinden, firsatgi bir patojen
olarak idrar yolu, solunum yolu, cerrahi yaralar ve bakteriyemi gibi enfek-
siyonlara neden olan gram negatif bir bakteridir. insan gastrointestinal
sistemini kolonize eden Citrobacter suslarinin geleneksel olarak distik
virtilansa sahip oldugu distiniilse de 6zellikle imm{in sistemi baskilanmig
kisilerde, yenidogan ve ileri yas grubunda ciddi klinik tablolara neden ola-
bilir. Son yillarda ¢oklu ilag direngli suslarinin yayginlagmasiyla mortalite
ile iliskisinin daha yiksek oldugu gosterilmistir. Turkiye'de cocuk hasta-
larda Citrobacter spp. kaynakli kan dolasim yolu enfeksiyonlarinin 6zellik-
lerini degerlendiren calismalar nadirdir. Calismamizin amaci, hastanede
izlenen ve kan kiiltur 6rneklerinde Citrobacter spp. tireyen olgularin klinik
ve laboratuvar bulgulari ile antibiyotik direncinin belirlenmesi, mortalite
orani ve prognozun saptanmasidir.

Gereg ve Yontemler: Bu calismaya, lclincli basamak bir hastanede
Aralik 2013-Nisan 2021 tarihleri arasinda yatan ve kan kdltrlerinde Cit-
robacter spp. Uremesi olan hastalar alinmistir. Yas, cinsiyet, eslik eden
hastaliklar, santral venoz kateter varligi, mekanik ventilasyon kullanimi,
total parenteral beslenme, laboratuvar bulgulari, hastanede yatis siiresi,
diger alinan steril alan kulttr 6érnekleri, kilttr antibiyogramlari, verilen
antimikrobiyal tedaviler degiskenler olarak belirlenerek, 6nceden hazir-
lanmis formlara kaydedildi.
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Results: Median age of the nine patients evaluated in the study was
four months (min. 10 days-max. 30 months). Two (22.2%) of the patients
were males and 7 (77.8%) were females. The most common reason
for hospitalization was bronchopneumonia (n= 3, 33.3%). Six (66.6%)
patients with Citrobacter spp. growth were intubated. Of the Citrobacter
spp. growths, 44.4% (n= 4) were Citrobacter freundii, 22.2% (n= 2)
were Citrobacter koseri, 22.2% (n= 2) were Citrobacter werkmanii and
11.1% (n= 1) were Citrobacter farmeri. Although all patients had growth
in peripheral blood cultures, 44.4% (n= 4) had growth in central venous
catheters, 11.1% (n= 1) had growth in intra-abdominal samples and
11.1% (n= 1) had growth in cerebrospinal fluid cultures. Eight (88.8%)
of the Citrobacter species were extended spectrum beta-lactamase
positive and two patients (22.2%) had carbapenem resistance. Thirty-day
mortality rate was 11.1% (n=1).

Conclusion: In patients in whom Citrobacter species are isolated, it is
important to correctly evaluate this microorganism as a colonization,
contamination or infection agent, make an early diagnosis and start ap-
propriate treatment.

Keywords: Citrobacter spp., child, bloodstream infection

Introduction

Citrobacter spp. are anaerobic, gram-negative bacilli from
the Enterobacteriaceae family. Citrobacter strains can be found
in environments such as water, soil, food, and in the gastro-
intestinal tract of animals and humans (1). Of the 11 identi-
fied strains of Citrobacter, three species, Citrobacter freundii,
Citrobacter koseri and Citrobacter farmeri, have been isolated
most frequently as the causative agents of infection in hu-
mans (1,2). Citrobacter infection is rare, and it constitutes 0.8%
of all gram-negative infections and 3-6% of all Enterobacte-
riaceae isolates in healthcare-associated infections (3). It has
been shown to cause infections with high mortality and mor-
bidity in immunocompromised individuals, neonates and pa-
tients over 65 years of age. Citrobacter infections, which can
frequently cause infections such as bacteremia, meningitis,
central nervous system abscess, pneumonia, lung abscess,
surgical site infections (especially intra-abdominal), diarrhea,
osteomyelitis, septic arthritis in risky groups, have become
an important health problem by developing multidrug re-
sistance to antibiotics (4). In Turkiye, studies evaluating the
characteristics of bloodstream tract infections caused by Cit-
robacter spp. in pediatric patients are rare and there is no data
on the frequency in Tirkiye. The aim of our study was to de-
termine the clinical and laboratory characteristics, antibiotic
resistance, mortality rate and prognosis in pediatric patients
who were hospitalized and followed up and from whom Citro-
bacter strains were isolated in blood cultures.

Materials and Methods

Study Group

In this study, the medical records of patients aged 0-18
years with Citrobacter spp. growth in peripheral blood cultures
who were hospitalized in a tertiary education and research
hospital between December 2013 and April 2021 were retro-
spectively analyzed.

Bulgular: Calismada degerlendirilen dokuz hastanin ortanca yasi dort ay
(min. 10 glin-maks. 30 ay) idi. Hastalarin 2 (%22.2)'si erkek, 7 (%77.8)’si
kizdi. En sik yatis nedeni bronkopnémoni (n= 3, %33.3) idi. Citrobacter
spp. Uremesi olan 6 (%66.6) hastanin entlibe sekilde izlendigi goruldi.
Citrobacter spp. Gremelerinin %44.4'G (n= 4) Citrobacter freundii, %22.2'si
(n=2) Citrobacter koseri, %22.2'si (n= 2) Citrobacter werkmanii ve %11.1'i
(n= 1) Citrobacter farmeri idi. Hastalarin timunde periferik kan kulttrin-
de tGreme olmakla beraber, es zamanli %44.4'iinde (n= 4) santral venoz
kateterde, %11.1'inde (n= 1) batin ici alinan 6rnekte ve %11.1'inde (n=1)
beyin omurilik sivi kiiltiirinde de Gireme saptandi. Citrobacter tiirlerinin 8
(%88.8)'inde genislemis spektrumlu beta-laktamaz pozitif oldugu ve ayri-
ca iki hastada (22.2%) karbapenem direnci oldugu goriildi. Hastalardaki
30 gtlinliik mortalite orani %11.1 (n= 1) olarak gozlemlendi.

Sonug: Citrobacter tiirlerinin izole edildigi hastalarda, bu mikroorganiz-
manin kolonizasyon, kontaminasyon veya enfeksiyon etkeni olarak dog-
ru bir sekilde degerlendirilmesi, erken tani konulmasi ve uygun tedaviye
baslanmasi 6nemlidir.

Anahtar Kelimeler: Citrobacter spp., cocuk, kan dolasim yolu enfeksiyo-
nu

Data Collection

Patient files were reviewed for age, sex, comorbidities,
presence of central venous catheter (CVC), use of mechanical
ventilation, use of total parenteral nutrition (TPN), laboratory
findings [white blood cell count, hemoglobin value, platelet
count, C-reactive protein (CRP)], and length of hospitalization,
peripheral blood culture and other sterile field culture samples
(central venous catheter blood culture, cerebrospinal fluid cul-
ture, closed cavity fluid culture), culture antibiograms, antimi-
crobial treatments given, prognosis and 30-day mortality rate
were recorded retrospectively. Healthcare-associated infection
was defined as a localized or systemic infection that could not
be detected at the time of initial admission and occurred on
or after the 3™ day of hospitalization (5). Neutropenia was de-
fined as absolute neutrophil count (ANC) <1.5x10%L, throm-
bocytopenia as platelet count <150x10°/L and elevated CRP
>0.5 mg/dL. Multidrug resistance (MDR) was defined as re-
sistance to at least one antibiotic from three or more different
classes (6). Blood cultures were obtained from the peripheral
vein in a volume appropriate for the patient’s age and weight
(at least 1 ml) and from the peripheral vein and simultaneous-
ly (from the CVC, if available) in accordance with the rules of
asepsis/antisepsis after personal protective measures were
taken and inoculated into blood culture bottles at the bedside
under asepsis conditions. Citrobacter spp. bacteremia was de-
fined as the growth of Citrobacter spp. in at least one peripher-
al blood culture in a patient with compatible clinical findings.
The diagnosis of catheter-related bloodstream tract infection
(CRBSI) was made in accordance with the literature (7).

Microbiological Method

Samples obtained from the patients under appropriate
conditions were inoculated on the surface of 5% sheep blood
agar and eosin methylene blue (EMB) chocolate agar media
using sterile pellets. The media plates were incubated in an
incubator at 37°C for 18-24 hours in an aerobic environment
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and 48 hours in an anaerobic environment and cultures with
growth were examined. The first one of the recurrent growths
in the same specimens of the patients was included in the
study. Identification of the isolates and antimicrobial suscep-
tibility tests were performed by conventional methods and
VITEK 2 Compact (bioMérieux, Marcy I'Etoile, France) automat-
ed system. Antimicrobial susceptibility results were analyzed
according to the Clinical and Laboratory Standards Institute
(CLSI) until January 2017 (8). Afterwards, they were evaluat-
ed in accordance with the recommendations of The European
Committee on Antimicrobial Susceptibility Testing (EUCAST).
Strains found to be susceptible “intermediate” at increased
dose were considered resistant (9).

Statistical Analysis

SPSS Statistics, version 22 (SPSS Inc, Chicago, IL, USA) sta-
tistical program was used for statistical analysis of the data.
Descriptive statistics were shown as mean + standard devia-
tion, median, minimum and maximum value for continuous
variables and number and percentage for categorical varia-
bles.

Ethics committee permission was obtained from the Clin-
ical Research Ethics Committee of our hospital for the study
with decision number 158 and protocol number 857 dated
25.05.2023. The study was conducted in accordance with the
principles of the Declaration of Helsinki and the principles de-
scribed in good clinical practice and in compliance with the
law.

Results
Demographic and Clinical Characteristics

Two (22.2%) of the patients were males and 7 (78.7%) were
females. Median age of the patients was four months (min. 10
days-max. 30 months). The most common reason for hospi-
talization was bronchopneumonia (33.3%). All but two of the
patients had at least one or more comorbidities. The most
common comorbidity was down syndrome and cardiopathy
(atrioventricular septal defect) (n= 2, 22.2%). Citrobacter spp.
growth was detected in blood cultures taken on the mean
18.4" day of hospitalization (min. 0-max. 53 days). The growth
of 7 (77.7%) patients was considered as healthcare associat-
ed infection. The most common hospitalization service (n= 4,
44.4%) was the pediatric intensive care unit. 44.4% (n= 4) of
the patients had central venous catheters. Two had subclavi-
an vein catheters, one had an internal jugular vein catheter,
and the other patient had a port catheter. Six (66.6%) of the
patients were receiving TPN support and the duration of TPN
in these patients was between four and 105 days, except for
one patient in whom the duration of TPN was at least 15 days.
It was observed that 6 (66.6%) patients with Citrobacter spp.
growth were intubated. Demographic characteristics of the
patients are summarized in Table 1.

Table 1. Demographic and clinical characteristics of the patients

Male, n (%) 2 (22.2%)
Female, n (%) 7 (77.8%)
Age (median) 4 month (10 days-30 month)
Reason for hospitalization, n (%)
Bronchopneumonia 3(33.3%)
Status epilepticus 1(11.1%)
Intestinal atresia 1(11.1%)
Myositis 1(11.1%)
Colon perforation 1(11.1%)
Acute gastroenteritis 1(11.1%)
Late neonatal sepsis 1(11.1%)
Underlying diseases, n (%)
Down sendrom ve cardiopathy 2 (22.2%)
Prematurity and neurometabolic disease 1(11.1%)
Intestinal atresia 1(11.1%)
Duchenne mucular distrophy 1(11.1%)
Congenital diarrhea 1(11.1%)
Colon perforation 1(11.1%)
None 2 (22.2%)
Wards, n (%)
Pediatric infectious diseases 1(11.1%)
Pediatric intensive care unit 4 (44.4%)
Pediatric surgery intensive care unit 2 (22.2%)
Neonatal intensive care unit 2 (22.2%)
Clinical characteristics, n (%)
Central venous catheter 4 (44.4%)
Subclavian vein catheter 2(22.2%)
Internal jugular vein catheter 1(11.1%)
Port catheter 1(11.1%)
TPN 6 (66.6%)
Intubation 6 (66.6%)
Symptom and findings, n (%)
Fever 6 (66.6%)
Tachycardia 2 (22.2%)
Tachypnea 2(22.2%)
Hipotension 3(33.3%)
Cyanosis 1(11.1%)
Vomiting 2 (22.2%)
Diarrhea 2 (22.2%)
Abdominal distention 2 (22.2%)
Bulging fontanelle 1(11.1%)
Citrobacter species, n (%)
C. freundii 4 (44.4%)
C. koseri 2(22.2%)
C. werkmanii 2(22.2%)
C. farmeri 1(11.1%)

TPN: Total parenteral nutrition.
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Findings Associated with Citrobacter spp. Infection 6 .
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ADC (diffusion)

Contras;c—enhanced coronal T1

Figure 1. Cranial magnetic resonance imaging of a patient with multiple brain abscess foci due to C. koseri growth. T2 A
and diffusion (ADC) images show diffusion restriction within the abscess (red arrows). Diffusion restriction supports the
abscess. Contrast enhancement shows diffuse pachymeningeal contrast enhancement (red arrows), edema in the right
cerebral parenchyma and midline shift (blue arrow). Findings suggest cerebritis+brain edema and meningitis on the right

(meningoencephalitis).

Discussion

In our study, demographic characteristics, clinical and
laboratory findings, antibiotic susceptibility rates and their
relationship with morbidity and mortality were retrospectively
evaluated in nine patients with Citrobacter spp. infection.
Most of our patients were followed up in the intensive care
unit, and Citrobacter bacteremia was detected in all cases, and
44.4% of them had C. freundii growth. In addition, 88.8% of the
patients were extended spectrum beta-lactamase positive,
22.2% had carbapenem resistance, 55.6% had piperacillin/
tazobactam resistance, 33.3% had amikacin resistance and no
ciprofloxacin resistance was detected. 30-day mortality was
calculated as 11.1%.

It is known that Citrobacter spp. can cause serious infec-
tions, especially in newborns (NICU), adults over 65 years of
age, diabetics and immunocompromised individuals (10,11).
In our study, 8 (88.8%) of the cases were hospitalized in the in-
tensive care unit, 2 (22.2%) were in the neonatal intensive care
unit and 2 (22.2%) had down syndrome, and there were no
cases with immunosuppressive diagnosis. In general, growth
of Citrobacter spp. in blood cultures obtained from hospital-
ized patients has been reported as 0.5% in studies and is a rare
cause of bacteremia (12). Citrobacter spp. infections are fre-
quently nosocomial in origin, are seen in patients with comor-
bidities and generally Citrobacter species are resistant to an-
timicrobial drugs (1,3,6,14). In Tiirkiye, the number of studies
evaluating bloodstream infections caused by Citrobacter spp.
in pediatric patients is quite limited (13). Mohanty et al. report-
ed that 88.3% of a total of 205 patients from whom Citrobac-
ter spp. were isolated in inpatients and outpatients, ranging
from three days NICU to 87 years of age, had underlying dis-
eases and 94.6% of the patients were healthcare related (14).
In our study, although the sample size was small, it was found

to be a healthcare-associated infection in the majority of cases
(n=7,77.7%) in accordance with the literature.

In a study conducted by Brenner et al. to determine the ge-
netic relatedness of 112 strains, 11 strains including Citrobac-
ter amalonaticus, C. freundii, C. koseri, C. werkmanii, C. farmeri,
Citrobacter braakii, Citrobacter gillenii, etc. were identified and
it was reported that C. freundii and Citrobacter youngae were
pathogenic for humans (15). When we look at the isolated
species in our study, C. freundii was the most common with
44.4% and C. koseri was the second most common with 22.2%.
In studies, C. koseri, which is the most frequently encountered
species especially in neonatal meningitis, has been shown to
be associated with meningitis, ventriculitis, multiple abscess
formation in the brain and mortality due to its resistance to
intraphagocytic killing with an outer membrane protein with
a molecular weight of 32.000 kDa (16,17). In our study, C. ko-
seri was found in a case with neonatal brain abscess. In a ret-
rospective study by Samonis et al. in which 70 adult patients
were evaluated for 12 years, the most common Citrobac-
ter species was C. freundii (71.8%) (18). This was followed by C.
koseri (23.1%) and C. braakii (3.8%). The most common asso-
ciated source of infection in their study was urinary tract in-
fection (52.6%), intra-abdominal (14.1%), surgical site (7.7%),
skin and soft tissue (6.4%) and respiratory tract infections
(6.4%). Citrobacter spp. is known to cause urinary tract infec-
tions in adults and rarely urinary tract infections in children
(19). In our study, the most common reason for hospitalization
in the pediatric age group was bronchopneumonia, which
was the most common primary source of bacteremia.

Antibiotic resistance observed in Citrobacter species shows
a wide spectrum. These low virulence bacteria, which were in-
itially considered as contamination and/or colonization, have
gradually developed resistance with the effect of antibiotic use
over time. Especially the emergence of multidrug-resistant Cit-
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robacter species is a growing concern (20). Multidrug-resistant
C. freundii strains have been associated with a higher hospital
mortality rate compared to susceptible strains (21). The fre-
quent isolation of C. freundii resistant to 3-lactams, quinolones
and aminoglycosides has been reported by various interna-
tional surveillance programs (22). In cases with long-term hos-
pitalization and comorbidities, appropriate antibiotic treat-
ments together with infection control measures are important
for the prevention of drug-resistant strains against Citrobacter
species (23). In our study, 88.8% of Citrobacter species were
extended spectrum beta-lactamase (ESBL) positive and 22.2%
were carbapenem resistant, 33.3% were amikacin resistant
and 33.3% were gentamicin resistant. Although our sample
size was small, when we analyzed drug resistance according
to Citrobacter species, half of the C. freundii cases (44.4%) were
carbapenem resistant and the other half were ESBL positive.
In addition, amikacin gentamicin resistance was observed in
C. freundii cases with carbapenem resistance. Multidrug re-
sistance was present only in C. freundii cases. In most of the
previous studies, MDR Citrobacter strains were detected more
frequently in patients who had received previous antibiotic
treatment (24). In our study, 75% of the cases with multidrug
resistance had a history of long-term hospitalization and mul-
tiple antibiotic use before the growth of Citrobacter spp. In a
study published in 2019 and retrospectively evaluating cas-
es with Citrobacter spp. growth, no significant difference was
observed between C. freundii and non- C. freundii bacteremia
in terms of clinical features and antimicrobial susceptibility
rate (15). Although the prevalence of resistance of Citrobac-
ter species to quinolone group drugs is gradually increasing
in studies in the literature, the resistance rate of C. freundii to
quinolones was found between 7.5% and 23.9% in one analy-
sis (6,22). In our study, Citrobacter species were not resistant to
the quinolone group.

In the treatment of Citrobacter infections, although there
is no evidence to support the superiority of one antimicro-
bial treatment combination over the other, the combination
of a third or fourth generation cephalosporin or carbapenem
(usually meropenem) with an aminoglycoside has been rec-
ommended as initial treatment (1). Pharmacologic data have
recently led to a recommendation to consider meropenem as
the antimicrobial of choice for the treatment of C. koseri and C.
freundii infections (1,25). In general, the recommendation is to
direct the treatment with antimicrobial susceptibility testing.
In our study, meropenem, ciprofloxacin, and third generation
cephalosporin and aminoglycoside combination were pre-
ferred according to the culture antibiogram.

In the literature, the mortality rate in hospitalized pa-
tients with Citrobacter spp. infections was 6.8% and this rate
increased significantly to 17.8-56% in Citrobacter bacteremia
(24,26). In addition, multidrug-resistant C. freundii strains
have been associated with a higher in-hospital mortality rate

compared to other susceptible strains (21). In addition, risk
factors associated with mortality in ESBL-producing Citrobac-
ter infections include hospitalization in the pediatric intensive
care unit, prolonged hospitalization, nosocomial infection,
broad-spectrum antibiotic use, prolonged antibiotic use, im-
munosuppressive treatment, presence of chronic disease,
thrombocytopenia and presence of central venous catheters
(21,27). In our study, ESBL-producing Citrobacter spp. was
grown in a patient in whom mortality was observed and risk
factors such as prolonged hospitalization history, broad-spec-
trum antibiotic use, presence of central venous catheter and
thrombocytopenia were present.

In addition to taking necessary precautions in hospital
health practices such as environmental cleaning, isolation of
infected patients and hand hygiene, optimal antibiotic selec-
tion and duration of use are of great importance in preventing
bloodstream infections caused by Citrobacter spp. (28,29).

The most important limitations of our study include ret-
rospective study, deficiencies in the records related to the
clinical follow-up process, and the low number of cases. Mul-
ticenter prospective studies including more patient groups,
multicenter prospective follow-up and records will benefit the
literature and clinical follow-up.

Conclusion

Citrobacter strains, as opportunistic infection agents, may
be the cause of mortality, especially in mature patients hospi-
talized in intensive care units. Early diagnosis of Citrobacter in-
fection in this patient group, initiation of appropriate treat-
ment and taking infection control measures are necessary to
reduce drug-resistant strains as well as Citrobacter mortality.
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