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ABSTRACT

Salmonella meningitis is rare yet poses causes significant neurological morbidity in children.
Infants, especially those under 3 months of age, and those with immunocompromised
states, such as malignancy, malaria, and human immunodeficiency virus infection, are at
increased risk for developing Salmonella meningitis. Herein, we describe a case of Salmonella
meningitis in a previous healthy 8-year-old girl who presented with high fever, vomiting,
and altered mental status. Group D Salmonella species were isolated in cerebrospinal fluid
culture, and no abnormal findings were noted in brain magnetic resonance imaging.
Immunoglobulin levels and lymphocyte subset counts were within the normal ranges, and
no genetic mutation responsible for primary immunodeficiency disease was detected by
next-generation sequencing. The patient’s condition improved rapidly with third-generation
cephalosporin, and no complications or sequalae developed. Nontyphoidal Salmonella can
cause meningitis in immunocompetent children and can be successfully treated with early
administration of antibiotics.

Keywords: Meningitis; Salmonella; Immunocompetence; Child

INTRODUCTION

Salmonella are gram-negative bacilli of the Enterobacteriaceae family that are classified into two
species: Salmonella enterica and S. bongori!) The S. enterica species is subdivided into six subspecies
and is further differentiated by serotyping. Based on the immunoreactivity of the O and H
antigens, there are more than 2500 designated Salmonella serotypes. Salmonella organisms can
also be simply classified as Salmonella associated with enteric fever (S. enterica ser. Typhi or S. ser.
Paratyphi) or nontyphoidal Salmonella (NTS) according to the clinical disease.?

NTS most commonly causes gastroenteritis in humans via contaminated food or water
or contact with infected animals.? Infected children manifest with vomiting, abdominal
cramps, diarrhea, and fever. Less frequently, bacteremia can occur, especially in children
with previous gastrointestinal disease, severe malnutrition, or human immunodeficiency
virus (HIV) infection.? Focal infections, most commonly in the bones and in the central
nervous system, may occur in infants (especially <3 months of age) and in children in an
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immunocompromised state.¥ Among them, meningitis due to NTS has a high morbidity
and long-term neurologic sequelae.” NTS meningitis in children is frequently complicated
by seizures, abscesses, hydrocephalus and subdural empyema, and children may have severe
developmental delay and motor disabilities.

NTS meningitis in healthy children beyond infancy is known to be rare, and only a few
studies have been published. Here, we report the first case of NTS meningitis in an
immunocompetent child in South Korea presenting with fever, vomiting and mental
disorientation. The clinical course and treatment of the patient is described along with a
literature review on Salmonella meningitis in children.

CASE

A previous healthy 8-year-old girl was admitted to the emergency room with a chief
complaint of high fever and vomiting. The symptoms started four days prior to admission

and were persistent. Additional symptoms included headache and intermittent abdominal
pain, and she also had poor oral intake with decreased urination. The patient did not have
diarrhea. Since the day before admission, she appeared to be talking to herself at times.

The patient had a history of eating clams with her family three days prior to onset of the

fever, but denied of eating raw milk, poultry, meat or egg products. No other remarkable
medical or perinatal history was noted, and other family members were asymptomatic. On
initial physical examination, the patient was somnolent, and her blood pressure was 120/72
mmHg, heart rate 121/min, respiratory rate 18/min, and body temperature 39.4°C. Chest and
cardiac examinations did not reveal any abnormalities, but her abdomen was tender in the
periumbilical area. She had neck stiffness, and Kernig’s and Brudzinski’s signs were positive.
During the stay in the emergency room, the patient’s blood pressure rose to 214/113 mmHg;
hence, urgent brain CT was performed, and no cerebral edema or intracranial hemorrhage
was evident. Her white blood cell (WBC) count was 11,110/uL, her neutrophil segment count
was 85.1%, and her C-reactive protein level was mildly elevated at 1.55 mg/dL. No other
abnormal findings were notable, except for aspartate transaminase, which rose to 59 IU/L, and
hyponatremia with a sodium level 0£131.3 mmol/L. Lumbar puncture was performed, and the
opening pressure was 40 cmH,0. The WBC count in her cerebrospinal fluid (CSF) was 2,060
cells/mm? with 62% polymorphonuclear leukocytes, along with a raised protein level of 145
mg/dL and decreased glucose level of <10 mg/dL. Under the suspicion of bacterial meningitis,
empirical therapy with vancomycin and cefotaxime was started. Dexamethasone and mannitol
were also administered to prevent neurologic complications and to control intracranial
hypertension, respectively. The patient’s neurologic and gastrointestinal symptoms improved
on the second day of her hospital stay, and she remained afebrile from the fifth day to the

end of her hospitalization. Brain magnetic resonance imaging and angiography performed

on the third day of her hospital admission were normal. No organisms were isolated in

blood cultures, but Group D Salmonella species were isolated in CSF culture. The species were
susceptible to ampicillin, cefotaxime, ceftazidime, trimethoprim/sulfamethoxazole and
ciprofloxacin. Considering the pathogen, her stool was examined, yet no organisms including
Salmonella species were isolated in cultures. Multiplex polymerase chain reaction that detects
Vibrio species, Salmonella species, Shigella species, Campylobacter species, E. coli 0157:H7 and
verocytotoxin-producing E. coliwas performed in stool and the result was also negative. To
treat acute meningitis due to Group D Salmonella, her antibiotic regimen was modified to
ceftriaxone monotherapy. Her CSF was sterile on the fourth day of hospital admission, and the
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CSF profiles improved to WBC 580 cells/mm? with 24% polymorphonuclear leukocytes, along
with a protein level of 72.1 mg/dL and a glucose level of 35 mg/dL.

Since Salmonella meningitis is very rare in healthy children, the patient’s immune status

was evaluate; no abnormal findings were noted (immunoglobulin A: 145.82 mg/dL;
immunoglobulin G: 987.42 mg/dL; immunoglobulin M: 114.99 mg/dL; CD19: 883.84/uL
[31.7%]; CD3: 1260/pL [74.0%]; CD4: 743/uL [44.0%]; CD8: 491/pL [29.0%]; CD16+56: 59/
uL [2%]; C3: 129 mg/dL; C4: 16 mg/dL; CH50 48 U/mL; and dihydrorhodamine fluorescence:
100%). Hybridization capture-based next-generation sequencing was performed with the
patient’s blood specimen to evaluate 51 genes associated with 130 primary immunodeficiency
diseases, including IL12B, IL12RB1, IFNGR1, IFNGR2, and STAT3. No significant genetic
mutations were observed, except for a ¢.346C>T (p. Argl16*) heterozygote mutation,
indicating that the patient was a carrier of complement C9 deficiency. There was no
remarkable family history suspicious for primary immunodeficiency disease.

Antibiotics were administered for four weeks from the first sterile CSF culture, and the
patient was discharged home without any complications. The patient remained healthy
without any neurologic sequelae at the five-month follow-up.

This study was approved by the Institutional Review Board of Seoul Metropolitan
Government-Seoul National University Boramae Medical Center, and written informed
consent was waived (IRB No: 10-2021-124).

DISCUSSION

The patient in the present case was an 8-year-old girl who was admitted to the emergency
room with a chief complaint of high fever and vomiting. Additional accompanying symptoms
included headache, abdominal pain, poor oral intake, decreased urination, and abnormal
mental status. Signs of meningeal irritation prompted an evaluation for suspicious bacterial
meningitis, and Group D Salmonella species were isolated in CSF culture. The infection source
was presumed to be clams that the patient ate before symptom onset. Considering the

rarity of the disease in immunocompetent children, her immune status was assessed, yet no
abnormal findings were observed. The patient improved rapidly with intravenous ceftriaxone,
and no complications or neurologic sequelae were observed during the five-month follow-up.

NTS infection in immunocompetent hosts usually causes self-limiting enteritis, which
commonly accompanies fever, vomiting and nonbloody diarrhea.” However, NTS infection

is also associated with diverse illnesses other than enteritis, with a wide range of severities

in specific risk groups, including bacteremia and extraintestinal manifestations, such

as meningitis, osteomyelitis, septic arthritis, deep soft tissue infection and pneumonia.
Bacteremia is the most common systemic infection, and the incidence varies from 2% to 47%
of Salmonella enteritis according to region.? Meningitis due to NTS occurs far less often, and the
exact incidence is unknown. According to the largest multicenter study on pediatric invasive
bacterial infections in South Korea, Salmonella remains the second most common cause of
bacteremia in children 3-59 months of age, despite the overall decrease in the incidence of
salmonellosis over the last five years with improved hygiene.” There were no cases of Salmonella
meningitis; however, to the best of our knowledge, there have been no previous reports on
Salmonella meningitis in immunocompetent children in Korea.
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Few studies on meningitis due to NTS or S. enterica ser. Typhi have been published in children,

and most of them were in infants and in malnourished children (Table 1). The neurologic

symptoms of the patients were diverse, including altered mental state, seizure, or neonatal

Table 1. Summary of pediatric cases of Salmonella meningitis found in the English medical literature

Articles Age/Sex  Clinical symptoms Source of Species Brain imaging Antibiotics Outcome
positive culture
Wu et al. Infants <1yr Fever (100%), CSF (100%),  Salmonella enteritidis Hydrocephalus (50%),  Third generation Death (13%),
(2011)® 94 cases Lethargy (25%), blood (59%), Group D1 (41.7%), subdural collection cephalosporins (29%), ongoing seizure
irritability (42%), stool (17%),  Salmonella enteritidis (42%), cerebral aminoglycoside + third (29%), focal motor
poor feeding (83%), urine (6%)  Group B (12.5%), infarction (33%), generation cephalosporins weakness (42%),
diarrhea (33%), Salmonella enteritidis  ventriculitis (25%), (8%), AMP + CHL + third  cranial nerve palsy
vomiting (3%), bulging Group C1 (8.3%), empyema (13%), generation cephalosporins (8%)
anterior fontanel Salmonella enteritidis intracranial abscess (8%), CHL + third
(54%), nuchal rigidity C2 (4.2%) (8%), cranial nerve generation cephalosporins
(38%), seizure (63%) palsy (8%) (17%), AMP + third
generation cephalosporins
(25%), AMP + CHL (8%),
CHL (4%)
Owusu-Ofori 8 mon/M Fever, vomiting CSF Salmonella species Not performed PEN, CHL Death
etal. (2003)° 9mon/F Unconscious state, CSF Salmonella species  Not performed PEN Death
diarrhea, vomiting,
generalized tonic
clonic seizure
Khurshid et 16 yr/M  Fever, headache, neck CSF S. typhi CT: mild cerebral edema MEM, MTZ Slow progression
al. (2019)” rigidity, projectile requiring
vomiting, altered neurological
mentality therapy
Bukharietal.  9yr/M  Fever, vomiting, CSF S. typhi Not performed MEM, AZM No sequelae
(2021) headache, drowsy
mental status
Singhaletal. 28 days/M Fever, lethargy, clonic ~ Blood, CSF  S. typhi MRI: subdural CRO, AMK > MEM, NET  No sequelae
(2012)" convulsion empyema, ventriculitis,
ischemic changes in the
bilateral periventricular
areas
Alkindietal. 2mon/M Fever, lethargy, poor Blood, CSF,  Nontyphoidal MRI: mild diffuse smooth CTX, AMP No sequelae
(2021)? oral intake, diarrhea stool Salmonella pial enhancement
Ficaraetal. ~ 2mon/M Fever, non-bloody Blood Salmonella enteritidis  MRI: periencephalic CTX Effusion resolved
(2019)™ diarrhea, poor oral purulent effusion without sequelae
intake
Truongetal. 3 mon/F Fever, irritability, poor ~ Blood, CSF  Nontyphoidal MRI: right occipital CRO No sequelae
(2018)™ oral intake, seizure Salmonella horn purulent material
without abscess
formation, dural
enhancement
Plotonetal. 3mon/M Fever, vomiting, Blood S. typhimurium MRI: subdural and CTX, CIP No sequelae
(2017)" seizure, unilateral frontal cerebral
hemiparesis empyema and brain
abscess
De Malet et 5yr/F  Fever, vomiting, Blood, CSF  S. newport Not performed CRO No sequelae
al. (2016)™ drowsiness
Ahmed etal. 4 mon/F Fever, loss of Blood, CSF  Salmonella species CT: multiple CTX, GEN, AMP > MEM  Mild spasticity with
(2016)" consciousness, tonic microabscesses ventriculoperitoneal
clonic movement with progressive shunt
hydrocephalus
Bowe et al. 3days/M Apnea, bradycardia, Blood, CSF,  S. berta MRI: hemorrhagic CTX Death
(2014)® lethargy stoole infarction with large
territories, uncal and
subfalcine herniation
Fomdaetal. 1mon/F Fever, poor oralintake, Blood, CSF  Salmonella enteritidis CT: normal CIP, CRO Recurrence without
(2012)™ focal seizure squelae
Ghais et al. 9 mon/F Fever, focal seizure, Stool S. pomona MRI: subdural empyema CRO No squelae
(2009)2 watery diarrhea

Abbreviations: CSF, cerebrospinal fluid; AMP, ampicillin; CHL, chloramphenicol; PEN, penicillin; CT, computed tomography; MEM, meropenem; MTZ, metronidazole;
AZM, azithromycin; MRI, magnetic resonance imaging; CRO, ceftriaxone; AMK, amikacin; NET, netilmicin; CTX, cefotaxime; CIP, ciprofloxacin; GEN, gentamicin.
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apnea. Although no abnormal findings were observed in brain imaging in our patient, studies
have shown that the morbidity of NTS meningitis is high, with subdural empyema, cerebral
edema, ventriculitis, cerebral abscess, and hemorrhagic infarction as causes (Table 1).
Long-term neurologic sequelae may also develop, including developmental delay and motor
disabilities, especially in infants who present late and those with prolonged fever.® The
mortality rate of Salmonella meningitis is also high, ranging from 13% to 60%, depending on
age and region.*"®

As morbidity and mortality are high in NTS meningitis, it is critical to promptly administer
appropriate antibiotics. Third-generation cephalosporins are recommended as first-line
antibiotics in children with invasive NTS infections.? To treat NTS meningitis, antibiotics
should cross the blood-brain barrier, penetrate into the intracellular space, and have
intracellular activity; third-generation cephalosporins have an excellent ability for this.?
Fortunately, third-generation cephalosporins are often administered as initial empirical
antibiotic therapy in children with presumed bacterial meningitis. Our patient was
successfully treated with ceftriaxone for four weeks, and the patient recovered without any
complications. For multidrug-resistant NTS meningitis, meropenem and fluoroquinolones
can be alternative options.” Three pediatric patients published in the literature with
meningitis due to multidrug NTS were all treated with meropenem, and there was clinical
improvement. Despite treatment with appropriate antibiotics, the prognosis of NTS
meningitis can vary from full recovery to death, and neurological complications, such as
cerebral palsy, epilepsy, and focal weakness, are common (Table 1).

Invasive Salmonella infections occur more frequently in patients with immunocompromising
conditions, such as malignant neoplasms, HIV, asplenia, sickle cell disease and chronic
granulomatous disease.? Susceptibility to invasive Salmonella infection is related to
immunological mechanisms involving several cytokines and lymphocytes. As bacteria invade
through the intestine, they are recognized by macrophages, which stimulate T cells and

NK cells via IL-12 and IL-23 secretion.” Activated T cells and NK cells secrete interferon-y

to further stimulate macrophages and eliminate the pathogen through STAT1. Intracellular
killing becomes difficult when cytokines are not adequately expressed or lymphocytes are
depleted at any stage. This explains the more serious invasive infections in HIV patients

and recurrent infections in patients with interleukin (IL)-12 or IL-23 deficiency.” To evaluate
possible impairment of the immune system, the patient’s immune status was assessed. Basic
immunologic test results were normal, and no significant genetic mutation was detected in
next-generation sequencing. If the patient later presents with recurrent invasive Salmonella
infection, more in-depth analysis may be warranted.

In conclusion, we present a rare case of NTS meningitis in an immunocompetent child who
recovered well without any complications or neurologic sequelae. Salmonella species should
be considered in children presenting with suspicious meningitis, especially those exposed to
contaminated food and water.

REFERENCES

1. Ochoa TJ, Santisteban-Ponce J. Salmonella. In: Cherry JD, Harrison GJ, Kaplan SL, Steinbach WJ, Hotez PJ,
editors. Feigin and Cherry’s textbook of pediatric infectious diseases. 8th ed. Philadelphia: WB Saunders
Co, 2019:1066-81.

https://doi.org/10.14776/piv.2022.29.e3 58



PEDIATRIC
INFECTION
NTS Meningitis in an Immunocompetent Child & VACCINE

https://piv.or.kr

2. Wen SC, Best E, Nourse C. Non-typhoidal Salmonella infections in children: Review of literature and
recommendations for management. J Paediatr Child Health 2017;53:936-41.
PUBMED | CROSSREF
3. CrumpJA, Sjolund-Karlsson M, Gordon MA, Parry CM. Epidemiology, clinical presentation, laboratory
diagnosis, antimicrobial resistance, and antimicrobial management of invasive Salmonella infections. Clin
Microbiol Rev 2015;28:901-37.
PUBMED | CROSSREF
4. WuHM, Huang WY, Lee ML, Yang AD, Chaou KP, Hsieh LY. Clinical features, acute complications, and
outcome of Salmonella meningitis in children under one year of age in Taiwan. BMC Infect Dis 2011;11:30.
PUBMED | CROSSREF
5. Rhie K, Choi EH, Cho EY, Lee J, Kang JH, Kim DS, et al. Etiology of invasive bacterial infections in
immunocompetent children in Korea (2006-2010): a retrospective multicenter study. ] Korean Med Sci
2018;33:e45.
PUBMED | CROSSREF
6. Owusu-Ofori A, Scheld WM. Treatment of Salmonella meningitis: two case reports and a review of the
literature. Int J Infect Dis 2003;7:53-60.
PUBMED | CROSSREF
7. Khurshid N, Khan BA, Bukhari SW, Shahid A, Punshi A. Extensively drug-resistant Salmonella typhi
meningitis in a 16-year-old male. Cureus 2019;11:e5961.
PUBMED | CROSSREF
8. Molyneux EM, Mankhambo LA, Phiri A, Graham SM, Forsyth H, Phiri A, et al. The outcome of non-
typhoidal salmonella meningitis in Malawian children, 1997-2006. Ann Trop Paediatr 2009;29:13-22.
PUBMED | CROSSREF
9. Ramirez-Alejo N, Santos-Argumedo L. Innate defects of the IL-12/IFN-y axis in susceptibility to infections
by mycobacteria and salmonella. J Interferon Cytokine Res 2014;34:307-17.
PUBMED | CROSSREF
10. Bukhari H, Tu Zahra SF, Zahoor S, Saqib MA, Afzal MS. A rare case of extensively drug-resistant Salmonella
typhi meningitis in a 9-year old: a case report. Future Microbiol 2021;16:931-3.
PUBMED | CROSSREF
11. Singhal V, Ek S, Sm R, Coutinho A. Neonatal salmonella typhi meningitis: a rare entity. J Clin Diagn Res
2012;6:1433-4.
PUBMED | CROSSREF
12. Alkindi N, Almasri N, Khan JM. Salmonella meningitis. Am J Clin Microbiol Antimicrob 2021;4:1049.
13. Ficara M, Cenciarelli V, Montanari L, Righi B, Fontjin S, Cingolani G, et al. Unusual meningitis caused by
non-typhoid Salmonella in an Italian infant: a case report. Acta Biomed 2019;90:333-8.
PUBMED
14. Truong TN, McGilvery TN, Goldson TM, Forjuoh SN. Nontypical Salmonella meningitis in an infant. Proc
Bayl Univ Med Cent 2018;31:367-9.
PUBMED | CROSSREF
15. Ploton MC, Gaschignard J, Lemaitre C, Cadennes A, Germanaud D, Poncelet G, et al. Salmonella
Typhimurium bacteraemia complicated by meningitis and brain abscess in a 3-month-old boy. J Paediatr
Child Health 2017;53:204-5.
PUBMED | CROSSREF
16. De Malet A, Ingerto S, Gafian I. Meningitis caused by Salmonella newport in a five-year-old child. Case Rep
Infect Dis 2016;2016:2145805.
PUBMED | CROSSREF
17.  Ahmed B, Al Jarallah AE, Asiri A, Al Hanash A, Al Maely A, Ogran H, et al. Salmonella meningitis
presenting with multiple microabscesses in the brain in a young infant: a case report. IntJ Clin Pediatr
2016;5:13-4.
CROSSREF
18. Bowe AC, Fischer M, Waggoner-Fountain LA, Heinan KC, Goodkin HP, Zanelli SA. Salmonella berta
meningitis in a term neonate. J Perinatol 2014;34:798-9.
PUBMED | CROSSREF
19. Fomda BA, Charoo BA, Bhat JA, Reyaz N, Maroof P, Naik MI. Recurrent meningitis due to Salmonella
enteritidis: a case report from Kashmir India. Indian ] Med Microbiol 2012;30:474-6.
PUBMED | CROSSREF
20. Ghais A, Armano R, Menten R, Mathot M, Zech F, Nassogne MC. Meningitis with subdural empyema due
to non-typhoid Salmonella in a 9-month-old girl. Eur J Pediatr 2009;168:1537-40.
PUBMED | CROSSREF
https://doi.org/10.14776/piv.2022.29.e3 59


http://www.ncbi.nlm.nih.gov/pubmed/28556448
https://doi.org/10.1111/jpc.13585
http://www.ncbi.nlm.nih.gov/pubmed/26180063
https://doi.org/10.1128/CMR.00002-15
http://www.ncbi.nlm.nih.gov/pubmed/21272341
https://doi.org/10.1186/1471-2334-11-30
http://www.ncbi.nlm.nih.gov/pubmed/29349940
https://doi.org/10.3346/jkms.2018.33.e45
http://www.ncbi.nlm.nih.gov/pubmed/12718811
https://doi.org/10.1016/S1201-9712(03)90043-9
http://www.ncbi.nlm.nih.gov/pubmed/31799097
https://doi.org/10.7759/cureus.5961
http://www.ncbi.nlm.nih.gov/pubmed/19222929
https://doi.org/10.1179/146532809X401980
http://www.ncbi.nlm.nih.gov/pubmed/24359575
https://doi.org/10.1089/jir.2013.0050
http://www.ncbi.nlm.nih.gov/pubmed/34402686
https://doi.org/10.2217/fmb-2020-0257
http://www.ncbi.nlm.nih.gov/pubmed/23205368
https://doi.org/10.7860/JCDR/2012/4305.2380
http://www.ncbi.nlm.nih.gov/pubmed/31125015
http://www.ncbi.nlm.nih.gov/pubmed/29904315
https://doi.org/10.1080/08998280.2018.1463037
http://www.ncbi.nlm.nih.gov/pubmed/28194898
https://doi.org/10.1111/jpc.13433
http://www.ncbi.nlm.nih.gov/pubmed/28058121
https://doi.org/10.1155/2016/2145805
https://doi.org/10.14740/ijcp236w
http://www.ncbi.nlm.nih.gov/pubmed/25263727
https://doi.org/10.1038/jp.2014.98
http://www.ncbi.nlm.nih.gov/pubmed/23183477
https://doi.org/10.4103/0255-0857.103776
http://www.ncbi.nlm.nih.gov/pubmed/19266216
https://doi.org/10.1007/s00431-009-0963-7

NTS Meningitis in an Immunocompetent Child

IV

PEDIATRIC
INFECTION
& VACCINE

Qo

A} 2l e 2ok 2ol X E51A ohe Wolut Al7E 4
ehejo} 71ed, QAW Ahutole 2 %
3} 7E, o)A WskE 3 5
ol DT Am et} ufekE gl on, ¥ 2173
Aot AL S A WA, AAT A7 4D BN 2y
SFct. 3ME AR AR Foko 2 gl

o2 o
o

fu

a7fEich, gakel u]

w7 T2

s o A
FHAS dod 4

IN o OF I

-
o ik P © > yp
ol
<
®
=

N

20
Olt
o

0>~

)

N
o
s
ok
i o rlr

https://piv.or.kr

https://doi.org/10.14776/piv.2022.29.e3

60



