
CASE REPORT
published: 18 August 2020

doi: 10.3389/fmed.2020.00406

Frontiers in Medicine | www.frontiersin.org 1 August 2020 | Volume 7 | Article 406

Edited by:

Kai Zhou,

Zhejiang University, China

Reviewed by:

Dimitri Poddighe,

Nazarbayev University School of

Medicine, Kazakhstan

Peter C. Ambe,

Fakultät für Gesundheit, Medizinische

Fakultät, Universität Witten /

Herdecke, Germany

Niamh Nolan,

St Vincent’s University Hospital,

Ireland

*Correspondence:

Jinxian Huang

huangjx@hku-szh.org

Specialty section:

This article was submitted to

Infectious Diseases - Surveillance,

Prevention and Treatment,

a section of the journal

Frontiers in Medicine

Received: 04 May 2020

Accepted: 29 June 2020

Published: 18 August 2020

Citation:

Zhao Y, Zhang L, Xing F, Zhang R and

Huang J (2020) Synchronous Acute

Acalculous Cholecystitis and

Appendicitis Due to Salmonella Group

D: A Rare Case Report From China

and Review of the Literature.

Front. Med. 7:406.

doi: 10.3389/fmed.2020.00406

Synchronous Acute Acalculous
Cholecystitis and Appendicitis Due to
Salmonella Group D: A Rare Case
Report From China and Review of the
Literature
Yan Zhao 1,2, Lijun Zhang 1, Fanfan Xing 2, Ruiping Zhang 3 and Jinxian Huang 1*

1 Rheumatology Department, Shenzhen Hospital, The University of Hong Kong, Shenzhen, China, 2Microbiology

Department, Shenzhen Hospital, The University of Hong Kong, Shenzhen, China, 3 Pathology Department, Shenzhen

Hospital, The University of Hong Kong, Shenzhen, China

Non-typhoidal Salmonella (NTS) disease is not common as typhoid fever but has become

a global public health problem in recent decades. Acute acalculous cholecystitis (AAC)

and appendicitis are rare complications of NTS infection, which are usually difficult to

be diagnosed with atypical signs. Pathogenesis of NTS-induced AAC and NTS-induced

appendicitis is still unclear. Ultrasound is the first choice for diagnosis of these two rare

complications, computed tomography can assist in and next-generation sequencing

(NGS), as a new technology in clinical medicine, also facilitates diagnosis. We described

a case of simultaneous AAC and appendicitis due to NTS in an elderly male and further

confirmed the diagnosis using NGS. As far as we know, this is the first Asian case of two

complications occurring at the same time. Our aim is to alert physicians to pay attention

to this rare condition.
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INTRODUCTION

Salmonella was named after pathologist Salmon over a century ago. The best-known pathogens
are Salmonella typhi and Salmonella paratyphi, the etiologies of enteric fever. Non-typhoidal
Salmonella (NTS) disease is not most common and generally manifests as self-limiting diarrhea,
whereas invasive NTS (iNTS) disease could be fatal and presents as non-specific fever with
symptoms that are clinically indistinguishable from other febrile illnesses (1). The definitive
diagnosis relies on the isolation of Salmonella from normally sterile clinical samples, usually
blood and bone marrow. Culture confirms the diagnosis and provides an isolate for antimicrobial
susceptibility testing (2). Invasive NTS disease commonly presents as a febrile bacteremia, which
requires intravenous antibiotic therapy of 7–14 days’ duration. Localized infections often require
surgical debridement along with antibiotics, and the course of therapy is dependent on the site of
involvement (3).

Acute acalculous cholecystitis (AAC) is defined as acute inflammatory process of the gallbladder
without evidence of gallstones contributing to 5–10% of all cholecystitis (4). Acute acalculous
cholecystitis is typically seen in hospitalized patients with sepsis, burns, and trauma; those
with prolonged use of total parenteral nutrition; and older and immunosuppressed patients (5).
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Many pathogens including bacteria, yeasts and molds, viruses,
and parasites are associated with AAC (6). Mechanisms include
bile stasis, total parenteral nutrition, gallbladder ischemia, and
vasoactive mediators (6). Appendicitis is the most common
condition of an acute abdomen requiring emergency surgery.
Salmonella may cause infection mimicking appendicitis through
mesenteric lymphadenopathy, but is rarely associated with
appendicitis (7).

To our knowledge, this is the first adult case of synchronous
gangrenous AAC and appendicitis due to NTS infection in Asia.
This case highlights the need for more widespread recognition
of these rare complications of iNTS diseases and provides strong
evidence that NTS attacks the gallbladder and appendix directly
through next-generation sequencing (NGS) technology.

CASE

The 90-year-old Chinese gentleman presented to our hospital
with progressively worsening left knee joint and left ankle pain
for 1 week, accompanied by mild lower abdominal pain and
constipation for 2 days. Medical history included 10 years of gout
with irregular treatment, hypertension, chronic kidney failure
(CKD) stage 3, and permanent pacemaker implantation due
to atrial fibrillation. Apart from eating oysters 1 week before
admission, he had not eaten anything different from the usual.

On admission, his vital signs were normal. Physical
examination revealed swollen left knee and left ankle with
tenderness and a soft abdomen with tenderness of right lower
quadrant without rebound tenderness. Murphy’s sign was
negative. Laboratory tests showed that white blood cell (WBC)
count, percentage of neutrophils, and C-reactive protein (CRP)
were mildly elevated, and mild transaminitis was also identified
(Table 1). Stool routine was normal. After intestinal obstruction
was excluded by abdominal radiology, he was treated with an
intramuscular injection of 7mg compound betamethasone once
for gout attack and 30mL oral lactulose for constipation.

In the subsequent 2 days, he appeared with persistent diarrhea
and ongoing lower abdominal pain with fever of up to 39.4◦C.
Repeat investigations recognized markedly elevated WBC count,
CRP, and procalcitonin, and creatine increased significantly
with a peak value of 414 µmol/L (Table 1). The stool routine
revealed yellow watery stool with 1 to 3 WBCs per high-
power field, and Clostridium difficile test was negative. Blood
and stool cultures were pending; thus, intravenous ceftriaxone
sodium 2 g daily was started empirically. Shortly afterward,
blood and stool cultures revealed Salmonella group D with
resistance to ampicillin and sensitivity to chloramphenicol,
trimethoprim/sulfamethoxazole, ceftriaxone, and azithromycin.
Meanwhile, althoughwith enough fluid intake, his blood pressure
sharply dropped to 88/52mm Hg. Considering septic shock,
treatment was upgraded to intravenous meropenem 1 g every
12 h (half dosage concerning renal insufficiency).

One day later, his temperature returned to normal, and
diarrhea improved, whereas abdominal pain was not resolved.
Physical examination revealed abdominal tenderness without
definite location and no rebound tenderness, and Murphy’s

TABLE 1 | Summary of all relevant investigations results.

Investigations Day 1 Day 2 Day 4 Day 5 Normal range

aWBC(10/L) 12.28 15.39 12.56 14.39 (3.89–9.93)

bNEUT(%) 78.6% 92.3% 90.9% 90.6% (44.0–72.0)

cCRP(mg/L) 27.85 289.46 332.92 214.47 (0–5)

dPCT(ng/ml) – 144.59 168.61 83.32 –

eALT(U/L) 33.4 – 33.1 28.2 (0–41)

fAST(U/L) 24.9 – 35.6 34.4 (0–40)

gGGT(U/L) 60.9 – 87.5 104.5 (0–60)

hALP(U/L) 59 – 46 62 (40–130)

iTBil(µmol/L) 11 – 5.4 6.4 (0–21)

jCREA(µmol/L) 104 367 414 282 (62–106)

aWBC, White blood cell count; bNEUT, Neutrophil; cCRP, C-reactive protein; dPCT,

Procalcitonin; eALT, Alanine transaminase; fAST, Aspartate transaminase; gGGT, Gamma

glutamyl transferase; hALP, Alkaline phosphatase; iTBil, Total bilirubin; jCREA, Creatinine.

sign was positive. Bedside ultrasound (US) suggested enlarged
gallbladder, sludge formation, and no gallstones were identified.
The abdominal computed tomography (CT) scan revealed
acute cholecystitis and appendicitis (Figures 1A,C). Then he
was transferred to gastrointestinal surgery and underwent
laparoscopic cholecystectomy, appendicectomy and enterolysis.
Postoperative pathology revealed acute gangrenous cholecystitis
(Figures 2A,B) and chronic appendicitis with focal acute
inflammation changes (Figures 2C,D). Bile culture was
positive for Salmonella group D. He recovered after surgery
and was discharged after 5 days of intravenous ceftriaxone
and metronidazole.

Pathological sections of gallbladder and appendix tissues
were sent for NGS analysis (see Supplementary Material for
details). The results identified 9,591 Salmonella enterica reads in
gallbladder tissue, covering 6.33% of the nucleotide sequences,
and 51 S. enterica reads in appendix tissue, covering 0.04% of
the nucleotide sequences. Epstein-Barr virus (EBV, HHV-4) reads
of 50 and 43 were also detected in the gallbladder and appendix
tissues, respectively (Figures 1B,D). EBV-encoded RNA (EBER)
by in situ hybridization for appendix tissue was negative.

DISCUSSION

In recent decades, iNTS disease has become a major public
health concern, especially in sub-Saharan Africa. One systematic
review extracted case fatality rate (CFR) data for iNTS disease
from 24 studies, which estimated an average CFR of 20.6% in
Africa (8). The global burden of iNTS disease reflected by all-
age CFR was 14.5% in a systematic analysis in 2017, with higher
estimates among children younger than 5 years, elderly people
older than 70 years, and those with human immunodeficiency
virus (HIV) and low sociodemographic index settings. In the
same year, the estimated CFR of typhoid and paratyphoid fever
was only 0.95% (1). Moreover, one study in Vietnam provided
the largest description of iNTS disease cases in Southeast Asia
to date, highlighting similarities in iNTS disease epidemiology
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FIGURE 1 | (A)Abdominal CT plain: the gallbladder enlarged, and gallbladder wall was thickened and blurred. (B) Abdominal CT plain: The appendix cavity thickened,

and the widest diameter was ∼11mm. (C) Sequencing of Salmonella yielded a total coverage of 6.33% in the gallbladder tissue by NGS. Number of unique reads,

coverage, and depth of the identified pathogen sequences. The obtained sequence information was compared and analyzed with the known microbial database of

NCBI gene bank to determine the type and content of microorganisms in the sample. The more segments detected, the more coverage, and the more reliable the

result. (D) Sequencing of Salmonella yielded a total coverage of 0.04% in the appendix tissue by NGS. Number of unique reads, coverage, and depth of the identified

pathogen sequences.

between Asia and Africa (9). Therefore, iNTS disease might also
be a threat in Asia.

For sources and modes of transmission of NTS in
industrialized countries, except food contaminated with
animal feces, more important sources have been hypothesized,
including waterborne transmission, transmission directly
from animals and their environments, transmission between
people, and independent of a non-human animal reservoir
(2). Clinical symptoms associated with acute gastroenteritis
caused by NTS infections are often indistinguishable from
those caused by other enteric bacterial pathogens, and gold
standard for diagnosis still requires isolation of the pathogen
from stool samples. The pathogen may also be isolated from
the blood, lymph nodes, bone marrow, and other systemic
sites (10).

Invasive NTS disease associates with several host risk factors,
including gastric acid reduction, extremes of age, and many
forms of immunocompromise, such as chronic granulomatous
disease. There is also an overwhelming association of iNTS

with advanced HIV disease among Africa adults (11–13).
The clinical presentation of NTS infection is non-specific
among adults. Respiratory symptoms are frequently present,
and diarrhea is often not a prominent feature. Features on
physical examination include abnormal respiratory findings,
such as rapid respiratory rate or chest crepitations suggestive
of pneumonia, and hepatosplenomegaly in 30–45% of cases
(2). Invasive NTS may lead to localized infections in 5–10% of
cases including meningitis, endocarditis, pneumonia, empyema,
abscess formation, osteomyelitis, and septic arthritis and may
also induce endovascular complications (3). Gastrointestinal
manifestation may include hepatomegaly, splenomegaly,
cholecystitis, cholangitis, and splenic and hepatic abscesses, but
these are uncommon (14).

Invasive NTS disease requires intravenous antibiotic therapy
because of increasing reports of resistance; the choice should
be based on sensitivity testing of the colonizing isolate. In
Southeast Asia, cephalosporin resistance has been reported from
Singapore, the Philippines, and Thailand (15, 16). Some of
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FIGURE 2 | (A) Histology of gallbladder tissue (hematoxylin-eosin stain, magnification ×40); (B) Histology of gallbladder tissue (hematoxylin-eosin stain, magnification

×200): Extensive transmural infiltration of neutrophils and mononuclear inflammatory cells with intramural abscess formation (yellow arrow) indicating full-thickness

necrosis, which contributed to the pathological diagnosis of severe acute gangrenous cholecystitis. (C) Histology of appendix tissue (hematoxylin-eosin stain,

magnification ×40): The infiltration of both lymphocytes and plasma cells in the appendix wall, accompanied by hyperplasia of fibrous and adipose tissue in the

submucosa, revealing chronic inflammatory changes of appendix. (D) Histology of appendix tissue (hematoxylin-eosin stain, magnification ×200): The focal

inflammatory cell infiltration of neutrophils in the submucosa (yellow arrow) revealed focal acute changes of appendicitis.

the cephalosporin-resistant iNTS cases in Thailand also show
resistance to fluoroquinolones (17, 18). Furthermore, local
infections “that do not improve after antibiotic treatment may
require endoscopic or surgical therapy.

Our case with quite a few risk factors, including extreme
age, CKD stage 3, and long-term abnormal uric acid
metabolism, can be defined as immunocompromised, who
was susceptible to Salmonella infection. In recent years,
high rates of Salmonella contamination of retail meats
have been reported in China (19). The Salmonella in our
case most likely originated from contaminated seafood
or meat products. The patient had constipation only on
admission, but fever, abdominal pain, and diarrhea in the
following days, which were all common symptoms of NTS
infection. The diagnosis of NTS bacteremia was confirmed
by the isolation of Salmonella group D in blood and stool
cultures. Improved pyrexia, decreased inflammatory markers,
and subsequent susceptibility tests have all demonstrated
that the empirical ceftriaxone is sensitive and effective,
even the patient lived in a region with high rates of
cephalosporin-resistant NTS.

Acute acalculous cholecystitis is the most frequent form
of acute cholecystitis in children, compared with only 5–10%
for all adult cases (20). Lothrop (21) reported the first case
of AAC as a complication of salmonellosis. However, the

mechanisms of Salmonella-induced AAC are still not clear,
and most plausible hypotheses to date are (a) the endotoxin-
mediated reaction, which leads to bile stasis increase of bile
viscosity, sludge formation, and finally gallbladder mucosal
damage; (b) bacteria through portal vein directly attack the
biliary system; (c) the lymphatic drainage from gastrointestinal
tract; and (d) retrograde biliary carriage (22). The diagnosis of
AAC as a complication of NTS infection is based on clinical,
laboratory, radiological findings and also requires the isolation
of NTS in stool or blood cultures (23). Abdominal US is the
test that should be performed first for every case of suspected
acute cholecystitis. Ultrasound is recommended as the most
accurate modality to diagnose acalculous cholecystitis (24).
The criteria of AAC include thickening of the gallbladder wall
(3mm or greater), pericholecystic fluid, direct tenderness when
the probe is pushed against the gallbladder (ultrasonographic
Murphy’s sign), enlarged tense gallbladder, and absence of
gallstones. Computed tomography and hepatoiminodiacetic
acid scan are considered a good adjunct to US (25). Generally,
if there are no any complications, such as empyema, gangrene,
or perforation of the gallbladder, conservative treatment is
sufficient. Otherwise, the surgical treatment is mandatory
(25). The AAC in our case was grade II (moderate) acute
cholecystitis according to Tokyo Guideline (26); thus,
laparoscopy was mandatory.
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TABLE 2 | Characteristics of the previous and present cases of NTS -related appendicitis.

Authors Country Number

of

cases

Age Gender PMH Clinical

symptoms

Physical

examination

WBC Creatine Positive

culture

Pathogens Appendicectomy Antibiotics

Dadswell (34) Britain 2 – – – – – – – Stool Salmonella

enteritidis

– –

Bartoli et al.

(35)

Switzerland 1 12 Female In good health Fever, mild

abdominal pain,

vomiting, watery

diarrhea

Rebound

tenderness

– – Intraoperative Salmonella

enterica

serovar Israel

Yes (laparotomy) Ceftriaxone

(post-operation)

Malone et al.

(36)

USA 1 33 Male Kidney transplant 7

years ago,

maintenance oral

immunosuppression

Fever, epigastric

pain, vomiting

Right lower

quadrant (RLQ)

tenderness,

guarding and

rebound

8.5 × 109/L Slightly

increased

(177µmol /dL

from baseline)

Blood Salmonella

group B

Yes (laparoscope) 5 days of unknown

antibiotics

(post-operation)

Stewart-

Parker et al.

(30)

Britain 1 10 Male Healthy Fever, right lower

quadrant pain,

nausea

Soft abdomen with

mild tenderness in

the right iliac fossa

(RIF)

16.7 × 109/L – Pus Salmonella

enteritidis

Yes (laparoscope) 7 days of intravenous

Ceftriaxone

(post-operation)

Wong et al.

(37)

Singapore 1 78 Male Ischemic heart

disease (IHD),

chronic obstructive

pulmonary disease

(COPD),

bronchiectasis,

peptic ulcer disease,

hypertension

hyperlipidaemia

Fever, cough,

diarrhea, vomiting

Bilateral

crepitations in the

lung

12.8 × 109/L Acute kidney

injury (118

µmol/L)

Blood stool NTS species No 2 weeks of

intravenous

Ceftriaxone (after

culture result reported)

Joseph et al.

(38)

Australia 1 13 Male Healthy, recently

travelled to Bali,

Indonesia

Fever, worsening

right-sided

abdominal pain,

diarrhea, vomiting

Tachycardic and

peritonism of the

right lower

quadrant

8.0 × 109/L – Stool Salmonella

serotype B

Yes (laparoscope) 7 days of oral

Azithromycin

(post-operation)

Present case China 1 90 Male Gout, hypertension,

permanent

pacemaker

implantation due to

atrial fibrillation,

chronic kidney

failure (CKD) stage 3

Fever,

constipation,

watery diarrhea,

abdominal pain

RLQ tenderness,

no rebound

12.3 × 109/L Acute kidney

injury (118

µmol/L)

Blood, stool,

bile

gallbladder

appendix

tissues

Salmonella

group D

Yes (laparoscope) 2 days of Meropenem

(pre-operation) 5 days

of intravenous

Ceftriaxone and

Metronidazole

(post-operation)
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There were 9,591 S. enterica reads and 50 EBV reads detected
in gallbladder tissue through NGS technology. Salmonella
is known to colonize in bile ducts and the gallbladder in
some cases, even after apparent recovery (27). Therefore,
we speculated that the mechanism of AAC in this case
may be hematogenous transmission, rather than gallbladder
ischemia or cholestasis secondary to sepsis, that is, bacteria
retrograded from portal vein to the gallbladder vein, and
then colonize in the gallbladder and directly attack the
gallbladder, which caused focal inflammation and mucosal
damage eventually. Blood, stool, and bile cultures helped to
confirm the diagnosis of NTS-induced AAC, and the large
number of Salmonella sequences detected by NGS provided
strong evidence and demonstrated that NTS attacked the
gallbladder directly.

A small number of EBV sequences were also detected
in the gallbladder. Although as one of the frequent viruses
associated with AAC, EBV is usually not considered to be
the cause of cholecystitis (28). Epstein-Barr virus infection
can lead to acute infectious mononucleosis characterized
by fever, sore throat, and lymphadenopathy. Elevated liver
function and hepatosplenomegaly may also be present. The
patient did not have any of these clinical manifestations or
abnormal liver function. Epstein-Barr virus is estimated to
infect more than 98% of adults worldwide and is one of
the most common human viruses (29). The patient might
have latent infection of EBV, which was not considered
to be the cause of AAC. There were also 16 reads of
Salmonella bongori detected in gallbladder tissue, probably
because of homogenous overlap with S. enterica. Other
detected sequences were of little significance and were
considered as contamination.

Appendicitis is a common acute abdominal disease that
generally requires prompt surgical intervention to minimize
morbidity andmortality. Most often there are cases of Salmonella
infections with signs and symptoms mimicking those of
appendicitis (7). Appendicitis is a rare form of presentation of
acute abdomen in Salmonella infections (30). The mechanism of
Salmonella-induced appendicitis could be pathogen predilection
for the appendix or invasion of the appendix from the portal
venous system (31). Ultrasound should be used first in patients
suspected of having appendicitis, and CT scans should be used
judiciously (32). Salmonella sequences detected by NGS in our
case also demonstrated that NTS might attack the appendix
directly. Similar number of EBV sequences was also detected in
the appendix. However, except for fever and leukocytosis, the
patient did not have any typical manifestation of EBV infection,
such as elevated liver function tests, lymphadenectasis, or
hepatosplenomegaly. The pathology of appendix revealed focal
inflammatory cell infiltration of neutrophils, which generally
appears in bacterial infection, rather than in viral infection. The
histologic findings of EBV infective enteritis show transmural
inflammation with extended lymphoid infiltration, fissuring
ulcers, and intraepithelial lymphocytosis (33), which were not
found in this case. Recovery of our case after antibacterial therapy
and the absence of EBV existence in the appendix as detected by
EBER, indicated that EBV was not the cause of appendicitis. EBV

antibodies, DNA testing, and EBV-encoded RNA (EBER) were
not performed then because EBV existence was merely detected
by NGS, which might be a limitation for this case to further
exclude EBV infection.

The sequence reads in the appendix were much lower
than those in the gallbladder. We speculate several possible
explanations: First, Salmonella may have a positional preference
for organs, attacking the gallbladder first and later the appendix,
which leads more bacteria to colonize the gallbladder than the
appendix. Second, the local drug concentration of meropenem
in the appendix may be higher than that in the gallbladder,
killing more bacteria and resulting in lower quantities of
remaining pathogens. Finally, there was a 1-week interval
between sequencing, that is, the gallbladder first and then the
appendix. Storage with DNA degradation may also affect the
sequencing results. In addition, administration with sensitive
antibiotics before sampling contributed to the relatively lower
determination of reads in both tissues.

We searched the PubMed database using the search words
“Salmonella” and “appendicitis” and compared our case with
previously published case reports. The search resulted (Table 2)
in seven reported cases of NTS-induced appendicitis. Dadswell
(34) was the first to report NTS associated with appendicitis.
The report mentioned two cases in which Salmonella enteritidis
was isolated from stool, but no other information was provided.
The remaining cases included three pediatric patients, two
elderly patients, and one adult patient with a history of kidney
transplantation, all of whom belonged to immunocompromised
population. All six patients had typical clinical symptoms, and
the diagnosis of appendicitis could be confirmed by imaging or
intraoperative findings. White blood cell count and creatinine
level were not necessarily elevated (three within normal range
in six reported cases). All had good prognosis after surgical
treatment and postoperative antibiotic therapy or conservative
treatment with antibiotics alone. Duration of postoperative
antibiotic treatment could be diversified without guidelines
to follow so far. Non-typhoidal Salmonella was isolated from
various specimens in all cases, including blood, stool, and pus,
but the association between appendicitis and NTS infection
still remained unclear. In our case, blood and stool cultures
confirmed the diagnosis of iNTS disease, whereas the detection
of S. enterica in the appendix confirmed the definitive diagnosis
of NTS-induced appendicitis.

CONCLUSION

Invasive NTS disease is a major public health problem on a
global scale, with high morbidity and mortality. The burden of
iNTS disease in Asia has been underestimated because of a lack
of attention and surveillance. Acute acalculous cholecystitis and
appendicitis are rare complications of NTS infection, and the
diagnosis is challenging. We described a case of simultaneous
AAC and appendicitis due to NTS in an adult patient and further
confirmed the diagnosis using NGS. This case gave hints and
warning to physicians. If iNTS disease is suspected, blood and
stool cultures should be delivered. Once a patient is suspected
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of having AAC and appendicitis, US is the most rapid and
reliable diagnostic method to use. Antibiotic treatment should
be started immediately and adjusted according to drug sensitivity
test. If symptoms do not improve, surgery should be performed
immediately. More researches on mechanisms of appendicitis
and cholecystitis due to NTS are needed.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article. Written informed consent was obtained
from the patient for publication of this case report.

AUTHOR CONTRIBUTIONS

YZ and JH set the conceptual design of the study, data collection,
and made the first draft of the manuscript. LZ, FX, and JH
performed clinical care, diagnosis, and analysis on patients’
status. RZ performed the pathological procedure and provided
the images. All authors contributed to the article and approved
the submitted version.

FUNDING

This work was supported by seed fund of The University of
Hong Kong-Shenzhen Hospital (HKUSZH201902013).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2020.00406/full#supplementary-material

REFERENCES

1. GBD 2017 Non-Typhoidal Salmonella Invasive Disease Collaborators.

The global burden of non-typhoidal salmonella invasive disease: a

systematic analysis for the Global Burden of Disease Study 2017.

Lancet Infect Dis. (2017) 19:1312–24. doi: 10.1016/S1473-3099(19)

30418-9

2. Crump JA, Sjölund-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. doi: 10.1128/CMR.00002-15

3. Crum-Cianflone NF. Salmonellosis and the gastrointestinal tract: more

than just peanut butter[J]. Curr Gastroenterol Rep. (2008) 10:424–

31. doi: 10.1007/s11894-008-0079-7

4. Yesilbag Z, Karadeniz A, Kaya FO. Acute acalculous cholecystitis: a

rare presentation of primary epstein-barr virus infection in adults-case

report and review of the literature[J]. Case Rep Infect Dis. (2017)

2017:5790102. doi: 10.1155/2017/5790102

5. Ryu JK, Ryu KH, Kim KH. Clinical features of acute acalculous cholecystitis.

J Clin Gastroenterol. (2003) 36:166–9. doi: 10.1097/00004836-200302000-

00015

6. Barie PS, Eachempati SR. Acute acalculous cholecystitis. Gastroenterol Clin

North Am. (2010) 39:343-x. doi: 10.1016/j.gtc.2010.02.012

7. Kastritsi O, Neonakis I, Sakellaris S, Kasimati A, Sakellaris G.

A Salmonella paratyphi a infection in Europe, mimicking acute

appendicitis: a diagnostic challenge. Travel Med Infect Dis. (2020)

34:101621. doi: 10.1016/j.tmaid.2020.101621

8. Uche IV, MacLennan CA, Saul A. A systematic review of the incidence,

risk factors and case fatality rates of invasive nontyphoidal salmonella

(iNTS) disease in Africa (1966 to 2014). PLoS Negl Trop Dis. (2017)

11:e0005118. doi: 10.1371/journal.pntd.0005118

9. Phu Huong Lan N, Le Thi Phuong T, Nguyen Huu H, Thuy L, Mather

AE, Park SE, et al. Invasive non-typhoidal salmonella infections in

asia: clinical observations, disease outcome and dominant serovars from

an infectious disease hospital in Vietnam. PLoS Negl Trop Dis. (2016)

10:e0004857. doi: 10.1371/journal.pntd.0004857

10. Gal-Mor O. Persistent infection and long-term carriage of typhoidal

and nontyphoidal salmonellae. Clin Microbiol Rev. (2018) 32:e00088–18.

Published 2018 Nov 28. doi: 10.1128/CMR.00088-18

11. Bavishi C, Dupont HL. Systematic review: the use of proton pump

inhibitors and increased susceptibility to enteric infection. Aliment

Pharmacol Ther. (2011) 34:1269–81. doi: 10.1111/j.1365-2036.2011.

04874.x

12. Delarocque-Astagneau E, Bouillant C, Vaillant V, Bouvet P, Grimont PA,

Desenclos JC. Risk factors for the occurrence of sporadic Salmonella enterica

serotype typhimurium infections in children in France: a national case-control

study. Clin Infect Dis. (2000) 1:488–92. doi: 10.1086/313990

13. Gordon MA. Salmonella infections in immunocompromised adults. J Infect.

(2008) 56:413–22. doi: 10.1016/j.jinf.2008.03.012

14. Lee CC, Poon SK, Chen GH. Spontaneous gas-forming liver abscess caused

by Salmonella within hepatocellular carcinoma: a case report and review of

the literature[J]. Dig Dis Sci. (2002) 47:586–89. doi: 10.1023/a:1017924321058

15. Lee HY, Su LH, Tsai MH, Kim SW, Chang HH, Jung SI, et al. High

rate of reduced susceptibility to ciprofloxacin and ceftriaxone among

nontyphoid salmonella clinical isolates in Asia[J]. Antimicrobial

Agents and Chemotherapy. (2009) 53:2696–9. doi: 10.1128/AAC.01

297-08

16. Koh TH, Koh AE, Hamdan A, Khoo BC, Yu VY, Raymond RT, et

al. Ceftriaxone-resistant Salmonella spp. in Singapore. Ann Acad Med.

(2008) 37:900–1.

17. Sirichote P, Bangtrakulnonth A, Tianmanee K, Unahalekhaka A, Oulai

A, Chittaphithakchai P, et al. Serotypes and antimicrobial resistance of

Salmonella enterica ssp in central Thailand, 2001-2006[J]. Southeast Asian J

Trop Med Public Health. (2010) 41:1405–15.

18. Sirichote P, Hasman H, Pulsrikarn C, Schønheyder HC, Samulioniené J,

Pornruangmong S, et al. Molecular characterization of extended-spectrum

cephalosporinase-Producing Salmonella enterica serovar Choleraesuis

isolates from patients in Thailand and Denmark[J]. J Clin Microbiol. (2010)

48:883–8. doi: 10.1128/JCM.01792-09

19. Deng X, Ran L, Wu S, Ke B, He D, Yang X, et al. Laboratory-based

surveillance of non-typhoidal Salmonella infections in Guangdong Province,

China. Foodborne Path Dis. (2012) 9:305–12. doi: 10.1089/fpd.2011.1008

20. Poddighe D, Sazonov V. Acute acalculous cholecystitis in children. World J

Gastroenterol. (2018) 24:4870–9. doi: 10.3748/wjg.v24.i43.4870

21. Lothrop HA. Acute Cholecystitis complicating typhoid fever[J]. Annals of

Surgery. (1915) 62:152–7. doi: 10.1097/00000658-191508000-00005

22. Khan FY, Elouzi EB, Asif M. Acute acalculous cholecystitis complicating

typhoid fever in an adult patient: a case report and review of the literature[J].

Travel Med Infect Dis. (2009) 7:203–6. doi: 10.1016/j.tmaid.2009.05.006

23. Lianos GD, Drosou P, Souvatzoglou R, Karampa A, Vangelis G, Angelakis E, et

al. Acute acalculous cholecystitis with empyema due to salmonellosis[J]. Case

Rep Gastrointest Med. (2019) 2019:5185314. doi: 10.1155/2019/5185314

Frontiers in Medicine | www.frontiersin.org 7 August 2020 | Volume 7 | Article 406

https://www.frontiersin.org/articles/10.3389/fmed.2020.00406/full#supplementary-material
https://doi.org/10.1016/S1473-3099(19)30418-9
https://doi.org/10.1128/CMR.00002-15
https://doi.org/10.1007/s11894-008-0079-7
https://doi.org/10.1155/2017/5790102
https://doi.org/10.1097/00004836-200302000-00015
https://doi.org/10.1016/j.gtc.2010.02.012
https://doi.org/10.1016/j.tmaid.2020.101621
https://doi.org/10.1371/journal.pntd.0005118
https://doi.org/10.1371/journal.pntd.0004857
https://doi.org/10.1128/CMR.00088-18
https://doi.org/10.1111/j.1365-2036.2011.04874.x
https://doi.org/10.1086/313990
https://doi.org/10.1016/j.jinf.2008.03.012
https://doi.org/10.1023/a:1017924321058
https://doi.org/10.1128/AAC.01297-08
https://doi.org/10.1128/JCM.01792-09
https://doi.org/10.1089/fpd.2011.1008
https://doi.org/10.3748/wjg.v24.i43.4870
https://doi.org/10.1097/00000658-191508000-00005
https://doi.org/10.1016/j.tmaid.2009.05.006
https://doi.org/10.1155/2019/5185314
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Zhao et al. Two Rare Complications of Salmonella

24. Huffman JL, Schenker S. Acute acalculous cholecystitis: a review[J]. Clin

Gastroenter Hepatol. (2010) 8:15–22. doi: 10.1016/j.cgh.2009.08.034

25. Yasuda H, Takada T, Kawarada Y, Nimura Y, Hirata K, Kinura

Y, et al. Unusual cases of acute cholecystitis and cholangitis:

Tokyo Guidelines[J]. J Hepatobiliary Pancreat Surg. (2007)

14:98–113. doi: 10.1007/s00534-006-1162-9

26. Yokoe M, Takada T, Strasberg SM, Solomkin JS, Mayumi T, Gomi

H, et al. TG13 diagnostic criteria and severity grading of acute

cholecystitis (with videos). J Hepatobiliary Pancreat Sci. (2013)

20:35–46. doi: 10.1007/s00534-012-0568-9

27. Gunn JS, Marshall JM, Baker S, Dongol S, Charles RC, Ryan ET.

Salmonella chronic carriage: epidemiology, diagnosis, and gallbladder

persistence[J]. Trends Microbiol. (2014) 22:648–55. doi: 10.1016/j.tim.2014.

06.007

28. Agergaard J, Larsen CS. Acute acalculous cholecystitis in a patient with

primary Epstein-Barr virus infection: a case report and literature review. Int J

Infect Dis. (2015) 35:67–72. doi: 10.1016/j.ijid.2015.04.004

29. Jenson HB. Acute complications of Epstein-Barr virus infectious

mononucleosis. Curr Opin Pediatr. (2000) 12:263–8. doi: 10.1097/

00008480-200006000-

00016

30. Stewart-Parker EP, AttaM, Doddi S. A curious cause of appendicitis. BMJ Case

Rep. (2016) 2016:bcr2016216150. doi: 10.1136/bcr-2016-216150

31. Shweiki E, Price TP, Patel PH, Koenig GJ, Beekley AC, Rittenhouse DW,

et al. Synchronous acute appendicitis and acute cholecystitis: a discussion

of a century’s worth of epidemiologic, basic science, and clinical research,

explicating the pathophysiology of a likely underrecognized historical

condition. Am Surg. (2016) 82:1140–2. doi: 10.1177/000313481608201133

32. Hernanz-Schulman M. CT US in the diagnosis of appendicitis: an argument

for CT. Radiology. (2010) 255:3–7. doi: 10.1148/radiol.09091211

33. Liu R, Wang M, Zhang L, Zhou W, Huang Y, Guo H, et al. The

clinicopathologic features of chronic active Epstein-Barr virus infective

enteritis. Mod Pathol. (2019) 32:387–95. doi: 10.1038/s41379-018-

0144-1

34. Dadswell JV. Acute appendicitis and Salmonella infections. Br Med J. (1973)

1:740. doi: 10.1136/bmj.1.5855.740-b

35. Bartoli F, Guerra A, Dolina M, Bianchetti MG. Salmonella enterica

serovar Israel causing perforating appendicitis. Int J Infect Dis. (2010)

14:e538. doi: 10.1016/j.ijid.2009.06.027

36. Malone B, Kleyman S, Sanni A, Sumrani N, Distant D. Salmonella

Appendicitis in Renal Transplantation[J]. Case Rep Transpl. (2013) 2013:1–

2. doi: 10.1155/2013/402735

37. Wong SY, Lee SKL, Er C, and Kuthiah N. Appendicitis in non-

typhoidal salmonella bacteraemia[J]. Oxford Medical Case Rep. (2018)

2018:omy082. doi: 10.1093/omcr/omy082

38. Joseph CT, Tsang CLN, Goltsman D, Garibotto NL, Mekisic A. Synchronous

acute appendicitis and cholecystitis in a paediatric patient with salmonella

enteritis. Cureus. (2020) 12:e7214. doi: 10.7759/cureus.7214

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Zhao, Zhang, Xing, Zhang and Huang. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org 8 August 2020 | Volume 7 | Article 406

https://doi.org/10.1016/j.cgh.2009.08.034
https://doi.org/10.1007/s00534-006-1162-9
https://doi.org/10.1007/s00534-012-0568-9
https://doi.org/10.1016/j.tim.2014.06.007
https://doi.org/10.1016/j.ijid.2015.04.004
https://doi.org/10.1097/00008480-200006000-00016
https://doi.org/10.1136/bcr-2016-216150
https://doi.org/10.1177/000313481608201133
https://doi.org/10.1148/radiol.09091211
https://doi.org/10.1038/s41379-018-0144-1
https://doi.org/10.1136/bmj.1.5855.740-b
https://doi.org/10.1016/j.ijid.2009.06.027
https://doi.org/10.1155/2013/402735
https://doi.org/10.1093/omcr/omy082
https://doi.org/10.7759/cureus.7214
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Synchronous Acute Acalculous Cholecystitis and Appendicitis Due to Salmonella Group D: A Rare Case Report From China and Review of the Literature
	Introduction
	Case
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


