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Case Report: Ceftriaxone-Resistant Invasive Salmonella Enteritidis Infection with Secondary
Hemophagocytic Lymphohistiocytosis: A Contrast with Enteric Fever
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Abstract. In contrast to enteric fever, reports of secondary hemophagocytic lymphohistiocytosis (HLH) in invasive
non-typhoidal salmonellosis are scarce. We report a child with ceftriaxone-resistant invasive Salmonella Enteritidis
infection with secondary HLH, who was successfully managed with intravenous meropenem. Secondary HLH in the
context of S. Enteritidis has not been described before.

INTRODUCTION

Secondary hemophagocytic lymphohistiocytosis (HLH) in
association with typhoid fever is known since early 1970s.1

Clinical reports of invasive non-typhoidal Salmonella (iNTS)
infections triggeringHLHare scarce.Salmonella Typhimurium
has been shown to trigger HLH inmurine and in vitro models.2

In either of the scenarios, in vivo or in vitro, Salmonella
Enteritidis has not been reported to be associated with HLH.
Second, ceftriaxone resistance, although not uncommon in

iNTS infections, is usually more commonly encountered with
S. Typhimurium than S. Enteritidis.3 Herein, we report an im-
munocompetent healthy male child with ceftriaxone-resistant
invasive S. Enteritidis infection complicated by secondary
HLH who was successfully managed with intravenous (IV)
meropenem.

CASE REPORT

A 12-year-old male child presented with a 7-day history of
fever, intermittent headache, and decreased appetite. Exam-
ination showed a well-nourished (height: 140 cm, weight:
35 kg, and body mass index: 17.9 kg/m2), sick-looking febrile
child (102�F)with coated tongue, hepatomegaly (liver palpable
5 cm below the right costal margin with a span of 12 cm), and
a palpable spleen tip. Rest of the physical examination was
unremarkable. Investigations (value [normal range]) carried
out at admission showed a hemoglobin level of 116 g/L that
decreased to 88 g/L (11.5–15.5) over 1 week, leukopenia
(3.60 × 109/L [5.0–14.5], polymorphs 68%, lymphocytes
27%, and monocytes 5%), thrombocytopenia (85 × 109/L
[150–400]), an elevated procalcitonin level of 47.4 ng/mL
(< 0.5), and an elevated C-reactive protein (CRP) level of
234.77 mg/L (< 6). He also had elevated alanine amino-
transferase (ALT) and aspartate aminotransferase (AST)
levels of 70 (< 45) and 161 (< 45) U/L, respectively. Reversal of
albumin (2.8 g/dL [3.5–5.6])-to-globulin (3.4 g/dL) ratio (0.82
[1.2–1.8]) and elevated urea (64 [15–40] mg/dL) and creati-
nine (1.05 [0.31–0.88] mg/dL) levels were also noted. Initial
investigations for infectious etiology including malarial

parasite smear; serology for hepatitis A, B, C, and E viruses,
dengue virus non-structural protein 1 antigen and IgM anti-
bodies, Epstein Barr virus viral capsid antigen IgM VCA,
Brucella serology; urine routine and culture; cerebrospinal
fluid cytology; and biochemistry were noncontributory, ex-
cept for positive Widal agglutination tests (TH-1:320 and
TO-1:160 [< 1:80], on two occasions).
Enteric fever was considered, and he was empirically star-

ted on IV ceftriaxone at 100 mg/kg/day. However, he had no
improvement in clinical condition even after 4 days of IV cef-
triaxone. Over the hospital stay, he also developed tachypnea
andworsening sensorium. Laboratory investigations revealed
progressive elevation in inflammatory parameters (CRP: 272.1
[< 6] mg/L and procalcitonin: 84.1 [< 0.5] ng/mL) and trans-
aminases (AST: 279 [< 45], ALT: 109 [< 45], alkaline phos-
phatase: 583 [200–495] U/L, and gamma-glutamyl transferase:
955 [5–24] U/L).
Other differentials such as tuberculosis, fungal infections,

malignancy, and HLH were considered, and the child was in-
vestigated further, including bone marrow examination and
cultures. Subsequent workup (on day 4 of hospital stay)
showed an erythrocyte sedimentation rate of 7 mm in the first
hour (0–20), a ferritin level of 1,316 (10–300) ng/mL, a fibrino-
gen level of 1.1 (1.8–3.6) g/L, and a triglyceride level of 171
(< 100) mg/dL (Supplemental Table 1). Meanwhile, blood and,
subsequently, bone marrow cultures showed growth of non-
lactose fermenting Gram-negative bacilli. The isolate was
identified by matrix-assisted laser ionization time-of-flight,
mass spectrometry analysis (Microflex LTBiotyper Instrument
Bruker Daltonics, Bremen, Germany) (score 2.0) as Salmonella
species and was further confirmed to be S. Enteritidis by
serotyping (obtained from the National Salmonella Centre,
Central Research Institute [CRI], Kasauli, India). The sensitivity
of S. Enteritidis was performed by using the disc diffusion
method in accordance with the Central Laboratory Standards
Institute (CLSI 2020). The isolate was resistant to ceftriaxone,
cefixime, trimethoprim–sulfamethoxazole, aminoglycosides
with intermediate susceptibility to piperacillin/tazobactam,
cefoperazone/sulbactam, and cefepime. The isolate was
susceptible to fluoroquinolones and carbapenems. Bone
marrow examination revealed hemophagocytosis, granulo-
mas, and necrotic debris without any evidence of malignancy
(Figure 1). The bone marrow was hypocellular for age, with ap-
proximately 50–60% cellularity. The histiocytes showing hemo-
phagocytosis were frequent, with approximately 1 histiocyte/10
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high-power field (×1,000magnification).Workup for tuberculosis
including tuberculin testing andgastric lavage for acid-fast bacilli
on two occasions was negative. Chest radiograph was normal.
Ultrasonography of the abdomen revealed hepatosplenomegaly
with no evidence of intra-abdominal collections or enlarged
lymph nodes.
Thepatientwasstartedon IVmeropenem (120mg/kg/day in

three divided doses) alongwith IV dexamethasone (10mg/m2/
day initially, converted to oral, and subsequently tapered over
2 weeks) in view of secondary HLH. The patient responded to
the therapy and became afebrile within 2 days. Also, the
clinical condition and laboratory parameters improved grad-
ually. Blood culture repeated after 1 week of IV meropenem
was sterile. He was given 2 weeks of therapy with IV mer-
openem. Bone marrow fungal culture came sterile after
15 days on incubation.
Considering the possibility of an underlying susceptibility to

develop invasive iNTSorHLH, hewas investigated further. His
serology for HIV was nonreactive. Preliminary immunology
workup showed normal lymphocyte subsets, normal immu-
noglobulin levels, normal dihydrorhodamine 123 assay, nor-
mal expression of interferon γ receptor subunit 1 on white
blood cell subsets, and normal perforin expression on natural
killer cells. Hemoglobin electrophoresis was normal (hemo-
globin A: 95%, hemoglobin A 2: 2.6%, and hemoglobin F:
1.7%). He was clinically doing well, had no evidence of
organomegaly, and blood counts were normal at the third
month follow-up.

DISCUSSION

Our case highlights two important findings: secondary HLH
in the context of invasive ceftriaxone-resistant S. Enteritidis
infection and its successful treatment with IV meropenem.
Invasive iNTS is an emerging public health concern. In con-
trast to iNTS infections, the global incidence of typhoid and
paratyphoid fever is decreasing gradually over the last three
decades. A global estimate for the year 2017 suggested en-
teric fever to have caused 27 times more cases than iNTS
infections; however, iNTS infections contributed� 36% to the
combined mortality. Case fatality of � 9% for iNTS infections
in children was much higher than that of typhoid and para-
typhoid fever (� 1%).4,5 Increased risk of drug resistance and
secondary HLH may be some of the important factors
resulting in a higher case fatality rate in iNTS infections than
enteric fever.

Recent reviews suggest drug resistance to be commoner in
iNTS infections than S. Typhi/Paratyphi infections.6,7 Mono-
therapy with meropenem has been used for treatment of ex-
tensively drug-resistant S. Typhi infections in children with
good results.8 However, the literature describing meropenem
monotherapy for ceftriaxone-resistant iNTS infections is
scarce.9 Our case was successfully treated with 2 weeks
of IV meropenem monotherapy that resulted in prompt de-
fervescence of fever. In our case, bone marrow biopsy also
showed granuloma with necrotic areas. This finding has been
reported previously in patients with enteric fever10; however,
such reports are limited in iNTS infections.
Many tropical infections such as malaria, scrub typhus,

dengue, and leishmaniasis have been reported to trigger HLH
(Supplemental Table 2). Besides, there are several reports of
Salmonella sp. infection with HLH; however, reports of HLH
with iNTS are only handful (Supplemental Table 3). Secondary
HLH has not been reported previously with S. Enteritidis in
immunocompetent children. An old French language report
and a recent Chinese report describe HLH in association with
invasive S. Typhimurium infection in children with chronic
granulomatous disease (CGD).11,12 The real trigger, in this
case, may be debatable, as CGD, in itself, is known to get
complicated with HLH.12,13 Our child did not have any clinical
or laboratory evidence suggestive of inborn error of immunity.
A recent Turkish report also describes invasive S. Typhimu-
rium infection in an apparently immunocompetent child.14

Secondary HLH has been described in association with in-
vasive S. choleraesuis infections as well.15

Most of the cases of invasive salmonellosis have been di-
agnosed to have HLH on the basis of the HLH-2004 criteria.
Our patient fulfilled both the HLH-2004 and HScore16 criteria
for diagnosis of HLH (HScore of 249, probability of having
reactive hemophagocytic syndrome: 99.4%; Supplemental
Table 1). However, literature review suggests that assessment
of soluble interleukin-2 receptor levels or natural killer cell
cytotoxicity has been performed in a very small number of
patients with infection triggered HLH (Supplemental Tables 2
and 3). We were not able to perform these tests in our patient.
SecondaryHLH (fulfilling diagnostic criteria)mayonly represent
the “tip of the iceberg,”with multi-organ dysfunction, systemic
inflammatory response syndrome, and hyperferritinemia being
other potential unrecognized manifestations of the same
pathogenetic mechanism.17 Multicentric studies are needed to
determine the actual risk of HLH in iNTS infections vis-à-vis
enteric fever. Irrespective of all microbial characteristics, ap-
propriate antimicrobials are the mainstay of therapy in case of
infection and secondary HLH. This principle holds true not only
for salmonellosis but also for most of the infections triggering
HLH. Immunomodulatory/suppressive therapy is usually re-
quired in severe cases or with poor response to antimicrobial
therapy (Supplemental Tables 2 and 3). Steroids were given in
addition to antimicrobial therapy in our case because of the
worsening clinical condition.
Taken together, all these findings suggest clinicians to give

special consideration to iNTS infections and its complications,
especially in settings endemic for enteric fever. This can go a
long way in reducing mortality and morbidity in children with
iNTS infections, as specific vaccines for protection against
iNTS infections significantly lag behind the alreadywell-tested
and approved typhoid vaccines.18

FIGURE 1. (A) Bone marrow aspirate showing normal marrow cells
with an increase in histiocytes and hemophagocytosis (highlighted
in inset) (Giemsa and May Grunwald Giemsa stain ×200 and inset
×1,000). (B) Bone marrow biopsy showing the presence of granuloma
along with necrosis (hematoxylin and eosin stain ×200). This figure
appears in color at www.ajtmh.org.
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