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Abstract 

Background  Bacterial meningitis caused by non-typhoid Salmonella can be a fatal condition which is more common 
in low and middle-income countries.

Case presentation  We report the case of a Salmonella meningitis in a Belgian six-month old male infant. The first 
clinical examination was reassuring, but after a few hours, his general state deteriorated. A blood test and a lumbar 
puncture were therefore performed. The cerebrospinal fluid analysis was compatible with a bacterial meningitis 
which was later identified by the NRC (National Reference Center) as Salmonella enterica serovar Durban.

Conclusions  In this paper, we present the clinical presentation, genomic typing, and probable sources of infection 
for an unusually rare serovar of Salmonella. Through an extended genomic analysis, we established its relationship to 
historical cases with links to Guinea.
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Background
Salmonellae are gram-negative bacilli belonging to the 
Enterobacteriaceae family. The most recent classification 
of Salmonella includes two species: Salmonella enterica 
and Salmonella bongori of which over 2500 different 
serovars have been identified based on somatic antigenic 
factors O, flagellar H and capsular Vi as explained by the 

World Health Organization (WHO) Collaborating Cen-
tre for Reference and Research on Salmonella [1].

Salmonellosis is a global public health problem; it is 
an infection acquired orally, causing usually a mild gas-
trointestinal infection, and which rarely requires an 
antibiotic treatment [2]. However, between 1 to 5.7% of 
patients may develop bacteremia, which is mostly benign, 
although osteoarticular or meningeal secondary involve-
ment may occur [3]. Invasive infection occurs due to the 
distortion of local enteric immunity and is particularly 
seen in the young and the elderly or in individuals with 
predisposing conditions, particularly in immunosup-
pressed patients.

In high-income countries, Salmonella meningitis rep-
resents less than 1% of cases of bacterial meningitis 
confirmed in infants and children [4]. In contrast, the 
incidence reported in low and middle-income countries 
can reach up to 13% [5]. It has very rapid clinical dete-
rioration and clinical manifestations which cannot be 
distinguished from any other bacterial meningitis. It 
is associated with a high incidence of complications, 
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neurological disorders, high mortality, and a high per-
centage of relapses [6]. The prognosis is poor, especially, 
due to complications inherent to the infection, so early 
diagnosis is crucial to achieve a favorable outcome.

In Belgium, the surveillance of human salmonellosis 
relies on the voluntary submission of human Salmonella 
isolates to the National Reference Center (NRC). This 
center facilitates national epidemiological monitoring 
of human Salmonella infections, identifying outbreaks 
and tracking long-term spatial and temporal trends. This 
paper aims to firstly present the clinical case of an infant 
with recurrent Salmonellosis and meningitis caused by 
a Salmonella serovar Durban, secondly to describe the 
genomics analysis of this isolate and finally to discuss the 
possible source of infection.

Case presentation
A 6-month-old patient was admitted in the pediatric 
emergency Department of CHC MontLégia Hospital 
(Liège, Belgium) with symptoms of fever and vomiting. 
The mother described a clinical picture with cough-
ing and a runny nose. Medical history revealed that the 
patient, who was born in Belgium, had no previous seri-
ous infection and was vaccinated following the national 
scheme [7]. Two weeks prior to the emergency consul-
tation, the patient was hospitalized in another pediat-
ric hospital, also for fever and vomiting, which lead to 
intravenous rehydration for 72  h. During this time, a 
stool analysis came back positive for S. enterica serovar 
Durban so an oral antibiotic treatment was started with 
amoxicillin for seven days.

When the patient arrived at our hospital, he was 
admitted with a stable overall condition, exhibiting no 
fever and showing normal vital sign ranges.

The physical examination was normal and included 
no depressed anterior fontanelle tone and no altered 
state of consciousness. The preclinical explorations are 
detailed in Table 1.

Blood count, complete biochemical analysis, acute-
phase proteins determination, and blood culture were 
taken. Laboratory findings showed increased inflamma-
tory markers (platelets and CRP). Electrolytes, glucose, 
creatinine, liver enzymes, and bilirubin were within 
normal ranges.

Because there were increased inflammatory mark-
ers without any explanation, the patient was kept on a 
close clinical watch with monitoring.

During this time, his clinical state deteriorated with a 
decreased level of activity and the presence of menin-
geal signs such as neck stiffness. Due to this evolution, 
a lumbar puncture for cellular and microbiological 
study was quickly performed to exclude meningitis. The 
lumbar puncture results are shown in Table 2 and con-
firm the bacterial meningitis diagnosis.

Due to the clinical deterioration, an empirical antibi-
otic treatment with intravenous cefotaxime was quickly 
initiated at a dose of 200 mg/kg/day and the patient was 
admitted in the pediatric intensive care unit. The blood 
cultures collected at admission yielded negative results.

Both CSF and stool cultures came back positive for 
Salmonella (group O9) after 24  h of incubation. The 

Table 1  Paraclinical results at admission

PARACLINICAL RESULTS UNITS RANGE

Hemogram Hemoglobin 11,7 g/dL 10,4–12,5

Hematocrit 34,7% % 30,5–36,4

Platelets 582  × 103/mm3 185–399

Leucocytes 24,180  × 103/mm3 7,70–13,10

Neutrophils 17,26  × 103/mm3 2,50–6,4

Lymphocytes 5,710  × 103/mm3 2,30–5,50

Biochemistry C reactive protein 178,4 mg/L  < 5

Glycemia 131 mg/dL 60–100

Urea 32,7 mg/dL 11–36

Creatinine 0,32 mg/dL 0,20–0,40

Glomerular Filtration Rate 87,2 mL/min/1,73 m2  > 60

Sodium 140 mmol/L 139–146

Potassium 4,2 mmol/L 4,1–5,3

Chloride 103 mmol/L 100–111

Veinous Blood Gas Normal

Chest X Ray Normal

Abdominal Ultrasound Normal
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isolated strain was sent for classification and further 
analysis to the NRC for Salmonella.

The strain was typed as S. enterica serovar Durban 
and it showed sensitivity to all types of antibiotics tested 
(amoxicillin, azithromycin, cefotaxime, ceftazidime, cip-
rofloxacin, colistin, ertapeneme, gentamicin, meropenem 
and trimethoprim).

This type of serovar is rarely seen in Belgium (0 – 6 
cases annually in the period 2014 – 2021) and in the EU/
EEA (11–33 cases annually in the period 2014–2020) [9].

The CSF and stool isolateswere investigated for genetic 
relatedness by whole genome sequencing and confirmed 
to be genetically indistinguishable (0 allele differences, 
cgMLST scheme Enterobase, https://​enter​obase.​warwi​
ck.​ac.​uk/). The screening of the genome of the isolate 
of the patient for antibiotic resistance markers con-
firmed the phenotypic results and indicated the isolate 
as susceptible for all known resistances [10, 11]. Fur-
ther, genetic comparison with all other S. enterica sero-
var Durban cases isolated in Belgium during the period 
2014 – 2021 (N = 22, Table 3) revealed a tight cluster with 
8 other isolated cases (0 – 6 allele differences) (Fig.  1). 
Screening of the parents for Salmonella carriage resulted 
in a fecal sample of the father positive for S. enterica 

serovar Durban, which was also genetically indistinguish-
able (by cgMLST) from the case isolates.

Because of the very rare clinical presentation, an 
immunologic workup was done to rule out an immuno-
deficiency. Considering the patient’s age, the results were 
within the normal range (Table 4).

A supplementary examination was conducted using an 
EEG, which revealed normal brain activity during wake-
fulness. Further exploration through an MRI showed a 
purulent suffusion in the lateral ventricles consistent with 
clinical finding of acute meningitis and pyogenic ventric-
ulitis. The images showed no brain abscess or extra-axial 
empyema (Fig.  2). The microbiological monitoring was 
done with daily stool cultures which came back negative 
after 4 days of intravenous treatment. The clinical evolu-
tion of the patient throughout hospitalization was good 
and he was discharged after 28 days of intravenous anti-
biotic therapy through the use of cefotaxime. A month 
later, cerebral MRI showed a persistent frontal purulent 
suffusion of a diameter of 5 mm but still no brain abscess 
or extra-axial empyema. The patient was scheduled for 
follow-up MRI and regular visits to pediatric consul-
tations to assess the neurological development of the 
patient. The follow up cerebral MRI showed a progressive 

Table 3  Historical S. enterica serovar Durban cases isolated in Belgium during the period 2014 – 2021. (UNK = unknown, Y = yes, 
N = no)

Sample Id Isolation year Patient Age Specimen Clinical Info Travel Country

S14BD00872 2014 1 Blood Septicemia Y Guinea

S14BD03902 2014 UNK Faeces UNK UNK

S15BD03255 2015 11 Faeces Gastroenteritis N

S15BD04152 2015 6 Faeces Gastroenteritis N

S15BD05605 2015 19 Faeces Gastroenteritis N

S15BD10068 2015 30 Faeces UNK N

S15BD10166 2015 67 Faeces UNK N

S16BD05097 2016 2 Blood Gastroenteritis N

S16BD06646 2016 9 Faeces Malaria + Gastroenteritis Y Guinea

S17BD05858 2017 2 Faeces UNK N

S17BD07615 2017 0 Faeces UNK N

S18BD06055 2018 1 Faeces UNK N

S18BD08552 2018 24 Faeces UNK N

S19BD02073 2019 2 Faeces UNK UNK

S19BD06302 2019 1 Faeces UNK N

S19BD06559 2019 1 Blood cervical adenopathy Y Guinea

S19BD06638 2019 3 Faeces UNK UNK

S19BD08525 2019 0 Faeces bronchitis UNK

S19BD09248 2019 0 Faeces UNK UNK

S21BD04961 2021 2 Faeces UNK Y Guinea

S21BD05077 2021 5 Faeces UNK UNK

S21BD05152 2021 57 Faeces UNK UNK

S22BD02061 2022 41 Faeces Carrier N

https://enterobase.warwick.ac.uk/
https://enterobase.warwick.ac.uk/
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reduction of the frontal purulent material. Till date, the 
patient shows no neurological sequelae.

Discussion and conclusions
Salmonella targets the gastrointestinal tract and, for 
immunocompetent patients, is eliminated by the immune 
response. However, children have an immature immune 
system and are more likely to develop complications like 
meningitis as described in our case.

When a Salmonella infection is suspected or found, it 
is important to send the Salmonella isolates to the NRC 
so they can confirm the identification and serotype by 
agglutination tests. There are numerous Salmonella sero-
types and the most frequently associated with meningitis 
are Salmonella serovar Typhimurium (75–88%), followed 
by Salmonella serovar Enteritidis (8–16%) and less fre-
quently Salmonella serovar Typhi (1–4%) [12–14]. Other 
serovar very rarely cause meningitis.

The patient presented in this case first developed a 
rather mild episode of salmonellosis with gastrointesti-
nal symptoms. This initially appeared to be successfully 
treated by antibiotics (amoxicillin), yet one month later, 

Fig. 1  Minimum Spanning Tree using cgMLST data (EnteroBase scheme, https://​enter​obase.​warwi​ck.​ac.​uk/) of S. enterica serovar Durban of this 
case report and historical cases isolated from patients in Belgium between 2014 and 2021. Each node represents an isolate, with allelic differences 
indicated as branch length. Isolates with travel history to Guinea are highlighted in yellow. (epi = disease episode)

Table 4  Immunologic blood test

RESULTS UNITS RANGE

CD3 58 % 51,8–74,2

2802 /mm3 2284–4476

CD4 39 % 34,9–53,1

1884 /mm3 1523–3472

CD8 17 % 12,8–27,1

821 /mm3 524–1583

CD4/CD8 ratio 2,3 ratio 1,5–3,8

CD19 36 % 17–37,2

1739 /mm3 776–2238

CD16 CD56 4 % 4–15,1

193 /mm3 230–801

Total proteins 64,4 g/L 44–76

IgG 8,37 g/L 2,20–9

IgA 0,76 g/L 0,08–0,80

IgM 0,90 g/L 0,35–1,25

Complement C3 1,92 g/L 0,70–1,40

Complement C4 0,28 g/L 0,12–0,36

CH50  > 95 U/mL 41,7–95,1

https://enterobase.warwick.ac.uk/
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the patient had a relapse with a more severe clinical pres-
entation of bacterial meningitis.

The isolates of both infectious episodes were further 
typed by the NRC and confirmed to be S. enterica serovar 
Durban and were genetically indistinguishable. Further 
genetic comparison with historical S. enterica serovar 
Durban cases isolated in Belgium revealed a tight cluster 
with 8 other isolates.

Epidemiological investigations revealed that no family 
members had a history of fever or diarrhea. The mother 
reported no pets or contact with farm animals. The fam-
ily is originally from Guinea but have not travelled there 
for part two years, neither had contact with people who 
had recently travelled. It is interesting to note that 4/8 
related historical Belgian cases of S. enterica serovar Dur-
ban reported recent travel to Guinea at their time of ill-
ness. It is also known that Salmonella can cause chronic 
infections which could persist for years, and although 
infected individuals are highly contagious, they are typi-
cally asymptomatic, making the identification of carriers 
very difficult. The situation is further complicated by the 

fact that approximately 1 out of 4 carriers experience no 
clinical manifestations during the acute phase of the dis-
ease [15]. Carrier identification is not automatically done 
for the reason that it could require multiple stool samples 
because of the intermittent shedding over a long period 
of time which would be difficult to achieve.

Finding a link with Guinea in our patient and in light 
of our investigations, a fecal culture was collected from 
his parents which turned out positive with a genetically 
indistinguishable S. enterica serovar Durban strain from 
the father. The parents being totally asymptomatic as 
previously stated, transmission from the healthy father 
as carrier seems therefore the most plausible route of 
infection.

We described a case of Salmonella infection in an 
immunocompetent patient living in an industrialized 
country. The infant developed meningitis as complication 
of systemic infection probably due to his young age.

According to our experience, an early diagnosis based 
on recognition of acute neurological signs and labora-
tory findings associated to a prompt and appropriate 

Fig. 2  Brain magnetic resonance imaging showing purulent suffusion on day 2 during the first admission
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antibiotic therapy for at least four to six weeks can 
improve the outcome of the patient and reduce the risk of 
neurological sequelae.

In our case, further typing and WGS comparison of the 
strain hinted at the epidemiological link. We investigated 
the origin of the family which led to the confirmation of 
the carrier state of one of the parents. This highlights the 
added value of enhanced molecular surveillance to inves-
tigate the possible source of infection and might help in 
investigation of outbreaks.

Acknowledgements
We would like to thank all the technicians of the National Reference Center 
for Salmonella and Shigella, for their expertise in serotyping by slide agglutina‑
tion and their participation to this analysis. Gene sequencing of the Belgian 
strains was performed at the Platform Biotechnology and Molecular Biology 
at Sciensano.

Authors’ contributions
The authors confirm contribution to the paper as follows. Experiment and 
data analysis: WM. Redaction manuscript: CN, WM, PJC, AV, MM, SD, OB. The 
author(s) read and approved the final manuscript.

Funding
The authors received no specific funding for this work, but the Belgian refer‑
ence center for Salmonella is partially supported by the Belgian Ministry of 
Social Affairs through a fund within the Health Insurance SystemAuthors’ 
contributions.

Availability of data and materials
All relevant data are in the paper.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the legal representatives of 
the patient for the publication of any potentially identifiable images or data 
included in this article.

Competing interests
The authors declare no competing interests.

Received: 17 February 2023   Accepted: 5 May 2023

References
	1.	 Salmonella (non-typhoidal) – World Health Organization (WHO). https://​

www.​who.​int/​news-​room/​fact-​sheets/​detail/​Salmo​nella-​(non-​typho​idal). 
Accessed 15 Jan 2023

	2.	 LeMinor L, Popoff MY. Request for an opinion. Designation of Salmonella 
enterica sp. nov., nom. rev., as the type and only species of the genus 
Salmonella. Int J Syst Bacteriol. 1987;37:465–8.

	3.	 Van Meervenne E, Botteldoorn N, Lokietek S, Vatlet M, Cupa A, Naranjo 
M, et al. Turtle-associated Salmonella septicaemia and menin- gitis in a 
2-month-old baby. J Med Microbiol. 2009;58(Pt 10):1379–81. https://​doi.​
org/​10.​1099/​jmm.0.​012146-0.

	4.	 Price EH, de Louvois J, Workman MR. Antibiotics for Sal- monella meningi‑
tis in children. J Antimicrob Chemother. 2000;46:653–5.

	5.	 Molyneux EM, Walsh AL, Forsyth H, Tembo M, Mwenechanya J, Kayira 
K, Bwanaisa L, Njobvu A, Rogerson S, Malenga G. Dexamethasone 
treatment in childhood bacterial meningitis in Malawi: a randomised 

controlled trial. Lancet. 2002;360(9328):211–8. https://​doi.​org/​10.​1016/​
s0140-​6736(02)​09458-8. (PMID: 12133656).

	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(1):53–60. 
https://​doi.​org/​10.​1016/​s1201-​9712(03)​90043-9. (PMID: 12718811).

	7.	 Belgium : Recommended vaccinations. https://​vacci​ne-​sched​ule.​ecdc.​
europa.​eu/​Sched​uler/​ByCou​ntry?​Selec​tedCo​untry​Id=​269&​Inclu​deChi​
ldAge​Group=​true&​Inclu​deAdu​ltAge​Group=​true&​Selec​tedVe​rsion​Id=​46. 
Accessed 15 Jan 2023

	8.	 https://​enter​obase.​warwi​ck.​ac.​uk/
	9.	 European Centre for Disease Prevention and Control (ECDC). Surveil‑

lance Atlas of Infectious Diseases. Stockholm: ECDC; 2020. Available from: 
http://​atlas.​ecdc.​europa.​eu/​public/

	10.	 Zankari E. Comparison of the Web Tools ARG-ANNOT and ResFinder for. 
Antimicrob Agents Chemother. 2014;58(8):4986.

	11.	 Jjherry NL, Horan KA, Ballard SA, et al. An ISO-certified genomics work‑
flow for identification and surveillance of antimicrobial resistance. Nat 
Commun. 2023;14:60. https://​doi.​org/​10.​1038/​s41467-​022-​35713-4.

	12.	 Wu HM, Huang WY, Lee ML, et al. Clinical features, acute complications, 
and outcome of Salmonella meningitis in children under one year of age 
in Taiwan. BMC Infect Dis. 2011;11:30.

	13.	 Truong TN, McGilvery TN, Goldson TM, Forjuoh SN. Nontypical Salmonella 
meningitis in an infant. Proc (Bayl Univ Med Cent). 2018;31(3):367–9.

	14.	 Bay C, Jofré M, Kuzmanic D, Aguirre C, Gutiérrez V. Meningitis por Salmo‑
nella Enteritidis en un lactante. Comunicación de un caso y revisión de la 
literatura [Salmonella Enteritidis meningitis in an infant. Case report and 
literature review]. Rev Chilena Infectol. 2020;37(4):470–6.

	15.	 Parry CM, Hien TT, Dougan G, White NJ, Farrar JJ. Typhoid fever. N Engl J 
Med. 2002;347:1770–82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.who.int/news-room/fact-sheets/detail/Salmonella-(non-typhoidal
https://www.who.int/news-room/fact-sheets/detail/Salmonella-(non-typhoidal
https://doi.org/10.1099/jmm.0.012146-0
https://doi.org/10.1099/jmm.0.012146-0
https://doi.org/10.1016/s0140-6736(02)09458-8
https://doi.org/10.1016/s0140-6736(02)09458-8
https://doi.org/10.1016/s1201-9712(03)90043-9
https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByCountry?SelectedCountryId=269&IncludeChildAgeGroup=true&IncludeAdultAgeGroup=true&SelectedVersionId=46
https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByCountry?SelectedCountryId=269&IncludeChildAgeGroup=true&IncludeAdultAgeGroup=true&SelectedVersionId=46
https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByCountry?SelectedCountryId=269&IncludeChildAgeGroup=true&IncludeAdultAgeGroup=true&SelectedVersionId=46
https://enterobase.warwick.ac.uk/
http://atlas.ecdc.europa.eu/public/
https://doi.org/10.1038/s41467-022-35713-4

