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Abstract

Neonatal meningitis is associated with increased morbidity, mortality,
and long-term consequences. Despite the use of newer techniques, the
diagnosis remains challenging, especially in cases caused by rare path-
ogens. Campylobacter is widely known as the most common cause of
bacterial gastroenteritis. However, invasive infections in neonates have
been rarely described in the literature. A rare case of neonatal menin-
gitis caused by Campylobacter coli is presented in this case report. A
14-day-old male and late preterm neonate without a remarkable perina-
tal history was admitted to our Pediatric Department with a 10-h history
of fever and loose stools. The initial laboratory studies suggested the
diagnosis of meningitis, but isolating the responsible pathogen in blood
and cerebrospinal fluid cultures was demanding. After the cultures were
repeated and incubated in microaerophilic conditions, Campylobacter
coli was confirmed as the etiological agent. Based on antibiotic suscep-
tibility tests, the neonate had a 21-day course of antibiotic therapy with
cefotaxime, a third-generation cephalosporin, and remained healthy
during the illness without experiencing any neurological sequelae. This
case report highlights that rare pathogens should be considered and
searched for in cases of neonatal meningitis when there is no identifi-
able cause with routine microbiological techniques.

Manuscript submitted April 22, 2025, accepted May 29, 2025
Published online June 16, 2025

aDepartment of Pediatrics, University General Hospital of Patras, Patras Medi-
cal School, Patras, Greece

bSchool of Medicine, University of Patras, Patras, Greece

“Department of Microbiology, University General Hospital of Patras, Patras
Medical School, Patras, Greece

dDepartment of Midwifery, School of Healthcare Sciences, University of
Western Macedonia, Keptse 50200, Ptolemaida, Greece

¢Department of Pathology-Forensic Sciences, Medical School, University of
Cyprus, Nicosia, Cyprus

Department of Pathology, Forensic Service of Thessaloniki, Ministry of Jus-
tice, Thessaloniki, Greece

€School of Medicine, National Kapodistrian University of Athens, Athens,
Greece

"Department of Internal Medicine, Johns Hopkins University School of Medi-
cine, Baltimore, MD 21224, USA

iCorresponding Author: Christodoulos Chatzigrigoriadis, School of Medicine,
University of Patras, Patras, Greece. Email: up1084142@ac.upatras.gr

doi: https://doi.org/10.14740/jmc5133

Keywords: Campylobacter; Campylobacter coli; Neonate; Meningi-
tis; Sepsis; Diarrhea; Infection; Gastroenteritis

Introduction

Sepsis and meningitis are life-threatening emergencies in
neonates. Neonatal meningitis increases morbidity and mor-
tality [1]. Although the cases of neonatal meningitis have de-
creased in the last five decades, the diagnosis is demanding
in cases caused by rare pathogens [2]. The incidence of bac-
terial meningitis in neonates varies from 0.25 and 0.32 per
1,000 live births [2]. The prevalence of bacterial meningitis
in neonates with bacteremia is estimated to be 15% [2]. The
diagnosis is mainly clinical but confirmed by blood, urine,
and cerebrospinal fluid (CSF) cultures. The empiric antibi-
otic regimens of choice are: ampicillin plus cefotaxime, am-
picillin plus gentamicin, or ampicillin plus cefotaxime plus
gentamicin. These combinations cover the most common
causes: group B Streptococcus (GBS), Enterobacteriaceae
(mainly Escherichia coli), and Listeria monocytogenes [2-4].
A minority of neonatal infections are caused by Campylobac-
ter species [4].

Campylobacter spp are comma-shaped, gram-negative
rods biochemically positive for oxidase and catalase [5, 6].
It is widely known as the most common cause of bacterial
diarrhea [5, 7-12]. More than 10 species can cause human
infection; C. jejuni and C. coli are the most common, but
this is questioned in developing countries [5, 7, 13]. C. fetus
is known for its vascular tropism [5, 11, 14-16]. The gastro-
intestinal (GI) tract of various animals (especially birds) is
a reservoir for transmission to humans [5]. Thus, its trans-
mission is mostly foodborne; meat consumption is the most
common risk factor, especially poorly cooked poultry [5-7,
17]. However, Campylobacter spp rarely affect fetuses or
neonates; a maternal genital tract or systemic infection can
spread to the fetus, while transmission to the neonate occurs
during birth or an outbreak [5, 18-22].

Campylobacter spp colonize the GI tract causing a vari-
able clinical presentation ranging from asymptomatic carriage
to dysentery after an incubation period of 1 to 7 days (average 3
days) [5]. Stool testing and antibiotic treatment are sometimes
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Table 1. Extraintestinal Complications of Campylobacter Infection on Various Systems

Bacteremia

Nervous system: meningitis, subdural hygroma infection, cerebral abscess, neuritis

Cardiovascular: endovascular infections (septic thrombophlebitis, mycotic aneurysm, stent infection), endocarditis, myocarditis, pericarditis

Thyroiditis

Respiratory: pneumonia, lung abscess, empyema, chest wall abscess

Abdomen: hepatitis, cholecystitis, pancreatitis, peritonitis (spontaneous or secondary)

Skin/musculoskeletal: cellulitis, bursitis, septic arthritis, osteomyelitis, spondylodiscitis

Obstetrics/gynecology: cervicitis, PID, abortion, stillbirth, and prematurity

PID: pelvic inflammatory disease.

necessary for complicated cases [5, 17, 23-25]. The require-
ments for microaerobic conditions, the prolonged incubation
period, and the ability of Campylobacter spp to form viable
but non-culturable cells (VBNCs) contribute to the limited
sensitivity of the cultures [6-8, 14]. Occasionally, Campylo-
bacter spp enter the bloodstream in high-risk patients causing
bacteremia and/or localized infections, but these complica-
tions also occur in young and healthy patients [5, 6, 10, 11,
14-21, 26-29] (Table 1 and Fig. 1). The occurrence of Campy-
lobacter bacteremia depends on either the host or the patho-
gen [14] (Table 2).
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Figure 1. The extraintestinal locations of disseminated Campylobacter
infection.

Limited evidence is available for the appropriate man-
agement of Campylobacter bacteremia and meningitis. Cul-
tures or molecular tests on blood and CSF establish the di-
agnosis. Although the management of intestinal infections
involves supportive care or the administration of antibiotics,
such as macrolides and fluoroquinolones, the safest choice
for invasive infections is prolonged treatment with intrave-
nous carbapenems or aminoglycosides [4, 5, 16, 27, 30, 31].
Additional treatment with oral antibiotics may be considered
[4, 16, 30, 31].

Herein, we report a rare case of Campylobacter coli men-
ingitis in a neonate, hospitalized in our Pediatric Department.

Case Report

A previously healthy 14-day-old male and late preterm neo-
nate, the first baby of a healthy, unrelated couple, was admit-
ted to our Pediatric Department with a 10-h history of fever
and loose stools. Perinatal history revealed premature rupture
of membranes. Parents reported no GI symptoms and denied
any contact with poultry. The neonate was bottle-fed with
formula. Physical examination of the baby was unremarka-
ble. Laboratory evaluation did not reveal elevated inflamma-
tory markers (white blood cells (WBCs): 25,030/uL (normal
values 9,000 - 30,000/uL), neutrophils (NEUT): 63.9%, lym-
phocytes (LYMPH): 21.3%, and C-reactive protein (CRP):
0.36 mg/dL (normal value < 0.5 mg/dL)). A lumbar puncture
revealed pleocytosis (WBC: 7,200/uL (normal range 0 - 29),
95% polynuclear type), clevated CSF protein 196 mg/dL
(normal values 65 - 170 mg/dL), and slightly low CSF glu-
cose (39 mg/dL) (normal values 24 - 63 mg/dL). Empiric an-
tibiotic therapy with ampicillin, cefotaxime, and gentamycin
was initiated. The FilmArray meningitis/encephalitis panel
of CSF was negative. On day 3, a gram-negative, oxidase-
positive, and S-shaped bacterium was detected in blood and
CSF cultures, which were then both repeated and incubated
microaerophilically at 42 °C for 72 h. Heavy growth was de-
tected on laboratory media at 42 °C, which was identified as
Campylobacter coli (VITEK® 2, bioMerieux) (Fig. 2). The
neonate completed a 7-day course with gentamycin, a 10-day
course with ampicillin, and a 21-day course of cefotaxime.
The prolonged course of cefotaxime was based on antibiotic
susceptibility testing. Azithromycin was added for 5 days for
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Table 2. Risk Factors for the Disseminated Campylobacter Infection

Age extremes: infants and elderly
Pregnancy

Bowel surgery

Immunosuppression, especially tuberculosis, asplenia, corticosteroid treatment, transplantation, HIV infection, and agammaglobulinemia

Cancer

Diabetes mellitus

Liver disease

Kidney disease

Alcohol consumption

Chronic obstructive pulmonary disease

Cardiovascular disease

HIV: human immunodeficiency virus.

the sterilization of the GI tract. The neonate was febrile for
2 days after admission. The maximum CRP value was 1.07
mg/dL. A lumbar puncture was repeated after completing the
antibiotic course without abnormal findings (WBC: 17/uL,
NEUT: 3/uL, LYMPH: 6/uL, CSF protein: 70.4 mg/dL). The
baby remained well throughout the disease with satisfactory
weight gain, and no neurological sequelae were identified.
The 6-month follow-up assessment revealed normal clinical,

.’,./’,w ra il 4

neurological, and developmental examinations.

Discussion

Neonatal infection with Campylobacter spp is usually ac-
quired during birth from mothers who excrete the bacteria in
the stool or because of small family enteritis outbreaks, but
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Figure 2. Colonies on blood agar, incubated at 37 °C (left) and microaerophilically at 42 °C (right) revealed the microaerophilic
optimal growth of Campylobacter spp (Microbiology Laboratory, University General Hospital of Patras).
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Figure 3. The transmission routes of Campylobacter spp to human beings, including fetuses and neonates.

none of these hypotheses were confirmed in our case. Campy-
lobacter spp colonize the GI tract of many animals and are
excreted in their feces [5, 32, 33]. Thus, transmission is most-
ly foodborne; Campylobacter infection is linked with meat
consumption, especially poorly cooked poultry [5, 7, 17, 32,
33] (Fig. 3). Contact with animals and their feces is associ-
ated with Campylobacter transmission, especially in the de-
veloping world [5, 32]. Hence, hand hygiene is essential to
prevent campylobacteriosis [5, 32]. Most reports of Campy-
lobacter gastroenteritis are sporadic, but outbreaks associated
with contaminated water or milk occasionally occur [5, 17,
32]. In developed countries, the age distribution of Campylo-
bacter gastroenteritis is bimodal; most cases are observed in
patients younger than 5 years of age and young adults [5]. On
the contrary, most cases of Campylobacter gastroenteritis in
developing countries occur during the first 5 years [5]. Fetal
or neonatal transmission is rarely reported in the literature;
thus, the details of the transmission are unknown [5] (Fig. 3).
Cases of abortion, intrauterine fetal demise, and prematurity
were associated with maternal Campylobacter infection in
the genital organs and extragenital locations [19-21]. Sexual
transmission of Campylobacter spp is established in cattle and
men who have sex with men; thus, male-to-female transmis-
sion is thought to be possible, but further research is required
[5, 19-21]. It is speculated that extragenital Campylobacter

infections, such as gastroenteritis and pneumonia, spread to
the fetus through the bloodstream [20]. It remains unclear if
Campylobacter spp spread from the genital tract to the fetus
directly or indirectly through the bloodstream. Neonatal trans-
mission is believed to occur perinatally or during the hospital
stay [5, 18-22]. It is hypothesized that the excretion of Campy-
lobacter spp in maternal feces leads to contamination of the
perineum and the genital area and then spreads to the neonate
perinatally [5, 19, 20]. Multiple factors are hypothesized to
contribute to the development of outbreaks in neonatal units:
asymptomatic carriage in neonates and healthcare providers,
sharing of medical devices without proper disinfection, use
of nasogastric tubes, and poor hand hygiene [18, 22]. The
neonate in this case was probably infected perinatally, but no
source of infection was found.

The clinical presentation of campylobacteriosis is highly
variable (Fig. 4). Intestinal involvement is the most common
site; asymptomatic infection or acute infectious diarrhea are
the main forms of Campylobacter infection 1 - 7 days after
exposure (average 3 days) [5, 18]. C. jejuni and C. coli are
more likely to cause dysentery than other species [13]. GI car-
riage of Campylobacter spp is likely to be asymptomatic in
patients immunized by previous exposure [5]. Asymptomatic
excretion of Campylobacter spp in feces is also observed after
an episode of gastroenteritis for 2 - 3 weeks, but sometimes
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Figure 4. The clinical course of Campylobacter infection. Campylobacter infection is either symptomatic or asymptomatic and
usually remains in the gastrointestinal tract. Dissemination to the bloodstream and other extraintestinal sites is rare. An important
outcome in the developing world is prolonged asymptomatic gastrointestinal carriage leading to malnutrition.

the clearance is delayed for months [5]. Poor linear growth
is associated with prolonged asymptomatic GI carriage of
Campylobacter spp [13]. The intestinal symptoms are usually
mild and non-specific, including nausea, vomiting, abdominal
pain, fever, and watery or bloody diarrhea lasting 1 - 2 days
[5]. Certain criteria differentiate between uncomplicated and
complicated Campylobacter infections, guiding the manage-
ment [5, 6, 10, 11, 16, 17, 23] (Table 3). Complicated cases
pose a higher risk of dehydration or sepsis, requiring proper
diagnostic testing and treatment [5, 17, 23]. Although all neo-
natal Campylobacter infections are considered complicated,
most neonates develop self-limited gastroenteritis [18, 22]. In
our case, the GI tract could be a possible route of infection,
although this was not confirmed.

Extraintestinal complications, such as bacteremia and
meningitis, are rare; bacteremia complicates less than 1%
of the total cases of campylobacteriosis [6, 9, 16]. Although
controversial, bacteremia usually occurs in high-risk patients,
such as patients with malignancies, immunodeficiencies, and
extreme prematurity [5, 12, 16, 21, 34, 35]. Pre-existing brain
pathology, immunocompromised status, and neonatal age pre-
dispose to Campylobacter central nervous system (CNS) infec-
tion [26, 27]. It should be noted that it is difficult to differenti-
ate clinically Campylobacter bacteremia from Campylobacter
gastroenteritis [34]. Interestingly, diarrhea is less prominent
in bacteremic patients [12, 21]. The clinical presentation of
Campylobacter meningitis is like other causes of acute bacteri-
al meningitis, while intestinal involvement may be present [26,
27]. Notably, meningitis should be differentiated from menin-

gismus and febrile seizures in the context of Campylobacter
intestinal infection [5, 19]. The prognosis of Campylobacter
bacteremia is highly variable and depends on the comorbidi-
ties, but it seems better than bacteremia caused by other species
[11]. Self-limited bacteremia has been reported in many other-
wise healthy patients, including pediatric patients [11, 12, 15].
However, Campylobacter bacteremia tends to recur in patients
with impaired immunity. For example, patients with Bruton
agammaglobulinemia (X-linked agammaglobulinemia) are
especially susceptible to Campylobacter infection due to the
loss of the protective role of serum immunoglobulin M (IgM)
and mucosal immunoglobulin A (IgA) despite the repletion of
immunoglobulin G (IgG) after the administration of intrave-
nous immunoglobulin (IVIG) [10, 31]. Few data are available
for localized extraintestinal complications without bacteremia,
e.g., meningitis, but their outcome may be worse than isolated
bacteremia [14]. The prognosis of Campylobacter meningitis
in neonates is also controversial due to the limited number of
cases [19, 27].

The diagnosis of campylobacteriosis is primarily microbi-
ological given its non-specific clinical presentation [5] (Fig. 5).
Although the recommendations of the Infectious Diseases So-
ciety of America (IDSA), the American College of Gastroen-
terology (ACQG), the American Academy of Pediatrics (AAP),
and the Association of the Military Surgeons of the United
States (AMSUS) slightly differ, the indications for stool test-
ing are established [5, 17, 23, 24] (Table 4). Stool culture is the
gold-standard diagnostic method for intestinal Campylobacter
infection, although culture-independent techniques (CIDTs),
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Table 3. Classification of Campylobacter Infection Depends on the Presence of Complications and the Location (Intestinal Versus

Extraintestinal)

Type of Campylobacter infection
(listed in decreasing frequency)

Treatment of Campylobacter infection

1. Uncomplicated intestinal infection:

It is defined as non-recurrent gastroenteritis
lasting less than 7 days without blood, high-
grade fever, and extraintestinal complications
in young and otherwise healthy patients.

1. Uncomplicated intestinal infection:

1) Symptomatic management: repletion of fluids and electrolytes, antiemetics, and analgesics.
2) Probiotics may be helpful.

3) Consider zinc supplementation in children 6 months to 5 years with

malnutrition or from areas with high prevalence of zinc deficiency.

4) No antibiotic treatment.

2. Complicated intestinal infection:

It is defined in the presence of

any of the following criteria:

1) Bloody diarrhea;

2) High-grade fever;

3) Recurrence;

4) Duration greater than 7 days;

5) High-risk features: age extremities,
pregnancy, immunosuppression (including
HIV infection, agammaglobulinemia,
transplantation, tuberculosis, asplenia,
corticosteroid use), cancer, diabetes mellitus,
liver disease, kidney disease, alcohol
abuse, chronic obstructive pulmonary
disease, and cardiovascular disease;

6) Extraintestinal complications.

3. Campylobacter bacteremia/meningitis

2. Complicated intestinal infection:

1) Symptomatic management: repletion of fluids and electrolytes, antiemetics, and analgesics.
2) Probiotics may be helpful; avoid them in patients with critical illness, e.g.
hospitalized patients, or impaired immunity due to the risk of bacteremia.

3) Consider zinc supplementation in children 6 months to 5 years with

malnutrition or from areas with high prevalence of zinc deficiency.

4) Antibiotic treatment should be administered; macrolides are the first-

line choice, while fluoroquinolones are a second-line choice. Other

alternatives include tetracyclines, trimethoprim-sulfamethoxazole (TMP-

SMX), amoxicillin/clavulanate, and third-generation cephalosporins.

5) The course of antibiotic treatment usually lasts 3 days or until

symptom resolution. Consider longer courses of 7 - 14 days in

the presence of complications or impaired immunity.

6) Consider the combination of antimotility agents, e.g. loperamide, with antibiotics.
7) Consider the use of a carbapenem with or without an aminoglycoside

in those with severe disease and intolerance to oral antibiotics.

3. Campylobacter bacteremia/meningitis:

1) Symptomatic management: repletion of fluids and electrolytes, antiemetics, analgesics.
2) Antibiotic treatment for at least 3 - 4 weeks; carbapenems with

or without an aminoglycoside are the first-line choice.

3) Consider de-escalation treatment with amoxicillin with or without clavulanic acid.

4) Consider gastrointestinal decontamination with oral

antibiotics, such as macrolides or tetracyclines.

5) Consider surgical management in the presence of complications.

All extraintestinal infections are considered complicated, but they are mentioned separately due to their rarity and severity. Symptomatic manage-
ment is indicated in all patients. Although antibiotic treatment is indicated in complicated intestinal and systemic infections, the first-line treatment and

the duration differ. HIV: human immunodeficiency virus.

such as nucleic acid amplification test (NAAT) and immuno-
chromatographic tests (ICTs) are promising [5-8, 14, 17, 23,
24, 26] (Table 5). Repeating stool testing can increase the di-
agnostic yield [23]. Campylobacter bacteremia is an unusual
complication, but IDSA and AAP recommend obtaining blood
cultures in the presence of certain indications [5, 17] (Table 4).
When the clinical presentation is consistent with a localized
extraintestinal complication, e.g., meningitis, cultures should
also be obtained from appropriate sites, ¢.g., CSF culture [26].
In this case, the cultures mentioned above were obtained be-
cause it was a febrile neonatal infection.

Campylobacter spp are oxidase/catalase-positive, com-
ma-shaped or S-shaped gram-negative pathogens [5, 6]. The
growth of Campylobacter spp is slow (48 - 72 h), although
more time may be necessary for species other than C. jejuni,
C. coli, and C. lari [6-8]. The organisms are easily identified
in the routine processing of stool samples, but their detection
is difficult in blood and CSF cultures without microaerophilic
incubation [35]. A medium with selective antibiotics and mi-

croaerophilic conditions (5-10% oxygen, 1-10% carbon diox-
ide, and some hydrogen) is necessary [6, 7, 14]. The thermo-
philic species of Campylobacter jejuni/coli grow ideally at 42
°C in the presence of cephalothin, although growth has been
observed at 37 °C [5-7]. The ideal temperature for culturing
Campylobacter non-jejuni/coli is 37 °C [7]. Regarding basal
blood agar media, Boston and Columbia’s blood agar media
are the most effective ones [7]. Furthermore, the Boston blood
agar was slightly more effective than Columbia agar for the de-
tection of 16 Campylobacter species when combined with an-
tibiotics; the Columbia blood agar was the best choice for cul-
turing the four main species (C. jejuni, C. coli, C. lari, and C.
fetus) in contrast to the Boston blood agar for the other 12 spe-
cies [7]. C. jejuni is differentiated from other species (includ-
ing C. coli) by a positive hippurate hydrolysis test [6]. Culture
results should include information about the species, the strain,
and the antibiotic susceptibility profile, which guides the anti-
biotic treatment according to the IDSA, AAP, and AMSUS [5,
17, 24]. However, the ACG recommends testing for antibiotic
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Figure 5. Approach to infectious diarrhea with special considerations for diagnosing and treating Campylobacter infection.

susceptibility only for epidemiologic purposes and in the set-
ting of outbreaks [23].

NAATs are more sensitive tests than cultures (especially
in unsatisfactory samples) that provide faster results within
hours [5-8, 17, 23, 26]. This is essential because it allows
rapid administration of antibiotics maximizing their efficacy.
Multiplex polymerase chain reaction (PCR) can test multi-
ple pathogens simultaneously [17, 23, 24]. However, NAATSs
detect nucleic acids instead of pathogenic microorganisms,
which explains the higher rate of false-positive results due to

the asymptomatic carriage of enteropathogens [5, 17, 23, 24].
Consequently, detecting multiple pathogens often complicates
the interpretation and management [5, 17, 23, 24]. The lack
of specificity and information about antibiotic susceptibility
limits the clinical usefulness of molecular testing [5, 17, 23,
24]. Thus, a reflex culture is generally recommended after a
positive molecular test [5, 17]. The ICT is a novel technique
to detect Campylobacter spp in stool specimens [8]. It is much
faster and easier to use than molecular methods because the
results are available within minutes, and automation is unnec-
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Table 4. Stool With or Without Blood Testing for Enteropathogens Is Indicated in a Minority of Patients With Infectious Diarrhea

Diagnostic tests

Indications

Stool testing (culture, NAAT, ICT) 1) Fever;

2) Bloody or mucus diarrhea;

3) Abdominal pain;

4) Immunocompromised status;

5) Duration greater than 7 days;

6) Suspicion of sepsis;

7) Inadequate response to antibiotics;
8) Epidemic outbreak.

Blood cultures or NAAT

1) Clinical suspicion of sepsis;

2) Risk factors for Campylobacter extraintestinal infection (Table 1);
3) Age lower than 3 months old.

The indications for stool testing are shown in the first line according to the recommendations of IDSA, ACG, AAP, and AMSUS; these patients are
more likely to develop unfavorable outcomes, such as dehydration and sepsis. The indications for blood testing are shown in the second line accord-
ing to the recommendations of IDSA and AAP; these patients are more likely to develop bacteremia and extraintestinal infections. AAP: American
Academy of Pediatrics; ACG: American College of Gastroenterology; AMSUS: Association of the Military Surgeons in the United States; ICT: immu-
nochromatography; IDSA: Infectious Diseases Society of America; NAAT: nucleic acid amplification test.

essary. Interestingly, ICT appears more sensitive than cultures
in detecting C. jejuni/coli but lacks sensitivity for detecting
other species. Further research is necessary to establish the di-
agnostic role of ICT relative to NAAT and cultures in future
guidelines.

Extraintestinal Campylobacter infection poses a diagnos-
tic challenge for clinicians [4, 10-12, 14, 19] (Fig. 5). Blood
and CSF cultures are essential for diagnosing Campylobacter
bacteremia and meningitis, and molecular methods also apply
to blood and CSF specimens [5-7, 11, 14, 17, 26]. However,
Campylobacter bacteremia as well as other extra-intestinal
complications is believed to be underreported for various rea-
sons; lack of collection of blood cultures in patients with infec-
tious diarrhea despite the presence of fever, delayed sampling
or processing, and the growth of Campylobacter requires spe-
cial conditions and a more extended incubation period [9, 12,
14, 35]. A lower volume of blood samples may contribute to
the underdiagnosis of Campylobacter bacteremia in children

and neonates. Subculturing in solid media is a method to de-
tect undiagnosed Campylobacter bacteremia after 5 - 7 days of
negative results in standard cultures [14]. A multidisciplinary
collaboration is necessary to identify Campylobacter spp in
extraintestinal sites. In this case, isolating Campylobacter coli
from blood and CSF cultures was challenging following incu-
bation under microaerophilic conditions at 42 °C.
Campylobacter gastroenteritis is the most common mani-
festation of Campylobacter infection; its treatment is well-
established (Table 3 and Fig. 5). Most patients develop un-
complicated intestinal infections requiring only symptomatic
treatment with repletion of fluids/electrolytes and administer-
ing antiemetics/analgesics [5, 22, 30]. A minority of patients
require inpatient care [5]. The role of probiotics for viral and
antibiotic-associated diarrhea is well-established; they may
also be effective in bacterial diarrhea but are contraindicated in
patients with critical illness and impaired immunity [5, 17, 23].
Zinc supplements are recommended for patients aged from 6

Table 5. A Comparison of the Diagnostic Techniques (Cultures, NAAT, ICT) for Detecting Campylobacter spp. Combining a CIDT

With Culture is Generally Recommended

Diagnostic tests Culture

Molecular testing (NAAT) ICT

1) Faster results within hours;
2) Higher sensitivity (especially for
Campylobacter non-jejuni/coli);

1) Faster results
within minutes;
2) High specificity.

3) Simultaneous testing for multiple pathogens;
4) Available for stool and non-stool
specimens, e.g. blood, CSF.

Advantages 1) Antibiotic susceptibility pattern;
2) Available for stool and non-
stool specimens, e.g. blood, CSF.

Disadvantages 1) Prolonged incubation

period (at least 48 - 72 h);

2) Special requirements: rapid
preparation, medium with selective
antibiotics, microaerophilic
conditions, and temperature;

3) Lower sensitivity for
Campylobacter non-jejuni/coli.

1. Lower specificity due to the detection of
nucleic acids instead of viable pathogens;
2. Detection of enteropathogens in a lower microbial combination with culture is
load causing asymptomatic infection; detection
of multiple pathogens is a common problem;

3. No information regarding antibiotic
susceptibility; combination with culture

is generally recommended.

1) No information regarding
antibiotic susceptibility;

generally recommended;

2) Relatively new technique;
fewer number of studies;

3) Available for stool
specimens only.

CIDT: culture-independent technique; CSF: cerebrospinal fluid; ICT: immunochromatography; NAAT: nucleic acid amplification test.
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months to 5 years living in areas with a high prevalence of zinc
deficiency or malnutrition [5].

Antibiotic treatment is indicated in patients with com-
plicated Campylobacter gastroenteritis [5, 6, 10, 11, 16, 17]
(Table 3 and Fig. 5). Antibiotics, such as macrolides and fluo-
roquinolones, shorten the duration of Campylobacter-induced
diarrhea; the benefit is maximized in patients who receive an-
tibiotics within 3 days after the onset of the symptoms, but
this is often impractical [5, 30]. According to the published
guidelines of IDSA, ACG, AMSUS, AAP, and the Interna-
tional Society of Travel Medicine (ISTM), first-line antibi-
otics for intestinal Campylobacter infection are macrolides
(especially azithromycin), given the low resistance rate, and
fluoroquinolones are second-line agents [5, 17, 23-25]. The
antibiotic therapy for Campylobacter enteritis usually lasts 3
days or until symptom resolution, but longer courses of 7 - 14
days should be considered in complicated cases or immuno-
suppressed patients [5, 17, 23, 24] (Table 3). Fluoroquinolo-
nes, tetracyclines, and trimethoprim-sulfamethoxazole (TMP-
SMX) are alternative agents due to their higher resistance rate
and unfavorable safety profile for pediatric patients [5, 11, 17,
23, 24]. B-lactams are generally considered ineffective, al-
though recent epidemiologic data show minimal resistance to
amoxicillin/clavulanate, and third-generation cephalosporins
may also be effective [5, 11, 12, 16, 31]. Carbapenems are the
most effective antibiotics; they should be administered with or
without aminoglycosides in patients with severe campylobac-
teriosis and intolerance to oral agents [5]. Recently, increasing
rates of antibiotic resistance have been reported globally due
to the overuse of antibiotics in patients with infectious diarrhea
and during meat production [5, 11, 20, 23, 36].

Campylobacter bloodstream infection is a rare mani-
festation which limits the available data on its management
(Table 3 and Fig. 5). A study revealed that the empiric use of
third-generation cephalosporins among patients with Campy-
lobacter non-fetus bacteremia and the empiric use of fluoro-
quinolones among patients with Campylobacter fetus bacte-
remia are associated with increased mortality [12]. Thus, the
role of antibiotics in managing Campylobacter bacteremia is
controversial, but aminoglycosides and carbapenems are con-
sidered first-line options [5, 12, 16, 35] (Table 3). Carbapen-
ems are preferred, but the combination of carbapenems and
aminoglycosides, e.g., meropenem and gentamicin, should
be considered in life-threatening infections [5, 35]. Although
there are no official guidelines regarding the duration of the
antibiotic treatment, it should be prolonged to prevent the re-
currence of Campylobacter bacteremia. An antibiotic course
of 7 - 14 days is a general rule for extra-intestinal infections,
but a minimum of 3 - 4 weeks is recommended in bacteremic
patients [5, 16]. More prolonged courses (weeks to years)
with multiple antibiotics and adequate IVIG are necessary
for patients with X-linked agammaglobulinemia [31]. Sur-
gery may be required for the management of endovascular
infection [16].

CNS involvement is common in patients with extraintes-
tinal Campylobacter infection. The empiric antibiotic regimen
(ampicillin plus gentamicin or ampicillin plus cefotaxime) for
neonatal meningitis may provide adequate coverage of Campy-
lobacter meningitis, as in our case [4, 22, 27]. However, the

first-line antibiotics for Campylobacter meningitis are carbap-
enems and aminoglycosides; carbapenems are preferred over
aminoglycosides due to higher penetration in the CNS and bet-
ter safety [4, 5, 27] (Table 3). Meropenem is less likely to cause
seizures than imipenem [37]. Generally, complicated Campy-
lobacter infections are treated for 7 - 14 days as mentioned
above, but antibiotic treatment in Campylobacter meningitis is
recommended for at least 3 - 4 weeks, depending on the com-
plications and the clinical course [4, 5, 16, 27]. Our neonate
got clinically better with cefotaxime to which Campylobacter
coli was sensitive hence we did not add meropenem. Paren-
teral administration of carbapenems and aminoglycosides pro-
vides adequate clearance of the extraintestinal Campylobacter
infection. However, to prevent the recurrence or a nosocomial
outbreak of Campylobacter infection, additional treatment
with oral antibiotics, such as azithromycin or doxycycline, for
GI decontamination has been proposed [4, 18, 30, 31] (Fig. 5).
Additionally, de-escalation to oral amoxicillin with or without
clavulanic acid after a successful trial of carbapenem has been
proposed [16] (Fig. 5). In our case, azithromycin was given for
5 days for sterilization of the GI tract which could be the pos-
sible yet not confirmed route of infection.

Learning points

Campylobacter coli is a rare cause of late-onset neonatal men-
ingitis, but it should be suspected based on dictary or family
history. This case report highlights the importance of consider-
ing Campylobacter spp as one of the bacterial causes of neo-
natal sepsis and meningitis, especially when the initial cultures
are negative. The clinical presentation of Campylobacter in-
fection ranges from asymptomatic carriage to severe systemic
disease. Severe complications, such as bacteremia and menin-
gitis, are uncommon (less than 1% of cases). The isolation of
Campylobacter spp in blood or CSF cultures without micro-
aerophilic conditions is demanding. Stool cultures remain the
gold-standard diagnostic method of campylobacteriosis, but
the contribution of newer techniques, such as NAAT and ICT,
is essential. Although Campylobacter enteritis is either self-
limited or treated with macrolides, it is recommended to treat
invasive Campylobacter infections with parenteral carbap-
enems to prevent relapse. However, first-line antibiotics for
neonatal sepsis, such as third-generation cephalosporins, may
effectively spare carbapenems based on antibiotic susceptibil-
ity testing. A 7 to 14-day antibiotic course is needed to treat in-
vasive Campylobacter infections, and especially in Campylo-
bacter meningitis cases, antibiotic treatment is recommended
for at least 3 - 4 weeks depending on the complications and the
clinical course. There are limited cases of Campylobacter neo-
natal invasive infections in literature, and thus further research
is needed to establish guidelines for the earlier diagnosis and
more effective treatment of these infections.
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