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Salmonella Osteomyelitis in Adults: A Systematic
Review
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The aim of this systematic review was to characterize the clinical features of adults with Salmonella osteomyelitis and sum-
marize diagnosis and treatmentmethods to provide guidance for clinicians. This systematic reviewwas conducted according
to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. We conducted a literature
search in the PubMed, EMBASE, and Cochrane Library databases. Article screening and data extraction were performed by
two reviewers individually. All the included studies were independently evaluated by two reviewers using the Methodological
Index for Non-Randomized Studies (MINORS) criteria. A total of 67 articles published between 1970 and 2019 were
selected, which include 69 patients with an average age of 47.5 years (range, 18–79).The majority of cases (47.76%)
occurred in immunocompetent adults without common risk factors. Aspiration and biopsy cultures were all positive in Salmo-
nella osteomyelitis patients who underwent aspiration or biopsy. All infections were monomicrobial, and a total of 12 differ-
ent serotypes were identified. The three most commonly reported Salmonella serotypes were Salmonella typhi (19 cases),
Salmonella typhimurium (12 cases), and Salmonella enteritidis (11 cases). Only 12 of the 67 cases in our data (17.91%)
had diarrhea symptoms, and 44 of the 67 cases (65.67%) had fever symptoms. Fifty-nine of the 67 cases (88.06%) had
local inflammatory manifestations, such as erythema, swelling, and tenderness in the affected area. The commonly reported
involved sites were the vertebrae, femur, and tibia. Antibiotic therapy alone was utilized in 30 cases, and 24 patients
(80.00%) were eventually cured. In total, 75.68% of patients achieved satisfactory results after treatment with surgery and
antibiotics. Third-generation cephalosporins were most commonly utilized, and antibiotic treatment was administered for an
average of 11.3 weeks (95% CI, 8.31–14.37 weeks). Salmonella osteomyelitis should be considered in patients without
any common risk factors. Aspiration or biopsy can facilitate the identification of pathogens to guide antibiotic choice. Empiri-
cal therapy with a third-generation cephalosporin is recommended until the susceptibility of the strain is determined.
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Introduction

Osteomyelitis is a common orthopaedic disease caused by
infectious organisms. Despite current health-care

advantages, osteomyelitis is a challenging condition for phy-
sicians and patients with recurrent and persistent infection.
Staphylococcus aureus and Staphylococcus epidermidis are
responsible for most cases due to their presence in the nor-
mal skin flora. In contrast, other relevant bacteria, such as
Salmonella, have rarely been reported and account for only
0.45% of all the causative agents of osteomyelitis1.

Salmonella osteomyelitis is most common in children
with hemoglobinopathies such as sickle cell anemia and it

remains a significant cause of morbidity and mortality in this
population2. An association between Salmonella osteomyelitis
and sickle-cell anemia has been previously recognized,, includ-
ing impaired splenic function, defects in complement activation,
genetic factors, deficiencies in micronutrients, and the presence
of infarcted or necrotic bone3. Sickling events may lead to
microscopic infarctions in the intestinal mucosa and bone and
create a permissive environment for both bacterial entry from
the gut to the blood stream, followed by seeding of damaged
bone by blood-borne bacteria. Immune compromise due to dys-
function of liver and spleen and abnormal complement function
may suppress clearance from the blood stream4, 5.
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Furthermore, Salmonella osteomyelitis is also seen in
individuals with diabetes mellitus, systemic lupus erythema-
tous, and immune deficiency, and involves mainly infants
and neonates6–8. In addition, some investigators have con-
firmed that Salmonella osteomyelitis also has a predilection
for immunocompetent adults, and common risk factors for
Salmonella infection are frequently absent9, 10.

Salmonella osteomyelitis is often overlooked, causing
misdiagnoses and delays in diagnosis11. A preceding history
of gastrointestinal infection is not usual12. The cardinal
symptoms include fever, pain, and soft tissue swelling and
are not indicative of the causative agent. Serology for Salmo-
nella and culture are helpful but can produce false-negative
results. Imaging examinations such as X-ray and computed
tomography (CT) scans are often delayed and cannot differ-
entiate pathogens. In addition, no surgical procedures or
standardized antibacterial therapy regimens are available
thus far. At present, most of the studies on Salmonella osteo-
myelitis are case reports, and previous systematic reviews
mainly focused on children13.

This study compiled multiple studies with the aim of:
(i) characterizing the etiology of Salmonella osteomyelitis in
adults; and (ii) summarizing diagnosis and treatment
methods for Salmonella osteomyelitis to provide clinical
practice guidance.

Materials

Literature Search
We conducted the systematic review according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. We conducted a literature
review in multiple databases, including PubMed, EMBASE,
and the Cochrane Library. The MeSH terms “Osteomyelitis”
and its corresponding synonyms were designated keywords,
and the term “Salmonella” was combined in “AND” form in
the search strategy. The search was restricted to studies

involving only humans over 18 years of age and limited to
articles written in English with the application of the filters
(Table 1). The aforementioned procedures were performed
by two reviewers individually. Any disagreement was settled
by discussion.

Selection Criteria
All the retrieved studies met the following inclusion criteria:
(i) the original study topic involved adults (> 18 years old)
with Salmonella osteomyelitis; (ii) the necessary information
of clinical outcomes, diagnosis, and treatment methods of
patients was sufficient; (iii) the study was a randomized con-
trolled trial, non-randomized clinical trial, prospective or ret-
rospective cohort study, case–control study, cross-sectional
study, case report, or case series.

The exclusion criteria were as follows: (i) the study was
published in a non-English language or was a nonhuman
study; (ii) the study included a duplicate population.

Quality Assessment
The quality of the studies was evaluated by two reviewers
independently using the Methodological Index for Non-Ran-
domized Studies (MINORS) criteria14, which has been vali-
dated for assessing the quality of non-randomized surgical
studies. Finally, the quality of the study was categorized in
accordance with the total score of each study: poor (0–5),
moderate (6–10), or good (11–16).

Data Extraction
Two independent researchers extracted the relevant informa-
tion from all the eligible studies. General information
included the first author, publication year, and study design.
Demographic information included country of residence,
age, sex, primary diagnosis, and history of immunosuppres-
sant use. Clinical information included the affected sites, sys-
temic and local symptoms and signs, laboratory test results,
pathogen types, antibiotic types, administration routes, dura-
tion, operations, and treatment outcomes. The definition of
success after treatment is: (i) infection eradication, character-
ized by no symptoms and signs of infection, and no infection
recurrence caused by the same organism strain; (ii) no subse-
quent surgical intervention; and (iii) no death caused by a
condition directly linked to Salmonella osteomyelitis.

Statistical Analysis
Categorical variables were analyzed by Student’s t-test or
Mann–Whitney U-test, and continuous variables were ana-
lyzed by chi-square test or Fisher’s exact test. SPSS v25.0
(SPSS, Inc., USA) was used to perform the analyses, and
P < 0.05 was considered statistically significant.

Results

Literature Search Results
Details of the literature search process are shown in Fig. 1. A
total of 392 publications were obtained from the literature

TABLE 1 Electronic search strategies

Database Search strategy

PubMed (((((“Osteomyelitis”[Mesh]) OR
“Osteomyelitis”[Title/Abstract]) OR
“Osteomyelitides”[Title/Abstract]) AND Humans
[Mesh] AND English[lang])) AND
(((“Salmonella”[Mesh]) OR “Salmonella”[Title/
Abstract])

Filters applied: Humans; English; Adult: 19+ years
No limitation on publication date

Embase (‘salmonella’/exp. OR ‘salmonella’) AND
(‘osteomyelitis’/exp. OR ‘osteomyelitis’ OR
‘osteomyelitides’)

Filters applied: English, Human, Adult: 19+ years
No limitation on publication date

Cochrane
Library

salmonella AND (osteomyelitis OR osteomyelitides)
Filters applied: English, Human, Adult: 19+ years
No limitation on publication date
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search. By excluding duplicates (n = 298) and scanning titles
and abstracts (n = 25), 69 articles were enrolled for full-text
review. Finally, a total of 65 articles were selected for quality
(Additional file 2). Information of 67 cases of Salmonella
osteomyelitis are shown in Additional file 3.

Demographic Information
The major clinical features of the cases reported in the litera-
ture are summarized in Table 2. Sixty-five articles including
67 different cases met the inclusion criteria. They were publi-
shed between 1970 and 2019, with 42 articles published after
2000. Twelve publications originated from the United States,
12 from India, nine from the United Kingdom, six from
China, five from Austria, and three from Turkey. Three
other countries contributed two reports each, and 13 other
countries contributed one report each. In the studies, the
mean patient ages ranged from 18 to 79 years (median:
47.5 years). The studies included 45 males (47%) and 23
females (53%).

Etiology and Pathogenesis
The majority of cases (47.76%) occurred in immunocompe-
tent adults without common risk factors. In total, 26.87% of
patients were immunocompromised by malignancy, an
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Fig. 1 Flow diagram of the systematic

literature search.

TABLE 2 Clinical features in cases of salmonella osteomyelitis

Feature Value

Age (years)
Range 18–79
Mean 47.5

Sex [cases(%)]
Male 45(67.16)
Female 23(34.33)

Predispoing factor [cases(%)]
Diabetes 14(20.90)
Autoimmune diseases 12(17.91)
Haemoglobinopathies 6(8.96)
Splenectomy 1(1.49)
Chronic alcoholism 1(1.49)

Symptom [cases(%)]
Fever 44(65.67)
Diarrhea 12(17.91)
Focal symptoms 46(68.66)

Site [cases(%)]
Vetebra 27(40.30)
Femur 14(20.90)
Tibia 7(10.45)
Rib 7(10.45)
Pevis 5(7.46)
Skull 5(7.46)
Radius 4(5.97)
Others 5(7.46)

1137
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 4 • JUNE, 2021
SALMONELLA OSTEOMYELITIS IN ADULTS



immunodeficiency disease, or a history of immunosuppres-
sant use. Common underlying conditions included diabetes
(20.90%), autoimmune diseases (17.91%), hemoglobinopa-
thies (8.96%), splenectomy (1.49%), and chronic alcohol-
ism (1.49%).

All infections were monomicrobial, and a total of 12
different serotypes were identified. The three most com-
monly reported Salmonella serotypes were Salmonella typhi
(19 cases), Salmonella typhimurium (12 cases), and Salmo-
nella enteritidis (18 cases). In addition, there were 12 cases
of unknown Salmonella infection (6.0%). Regarding the Sal-
monella serogroup, the proportion of group D Salmonella
was the highest. Of the 67 cases, 32 cases (47.76%) involved
group D Salmonella infection, 17 cases (25.37%) involved
group B Salmonella infection, five cases (7.46%) involved
group C1 Salmonella infection, three cases (4.48%) involved
group A Salmonella infection, and three cases (4.48%)
involved group C2 Salmonella infection.

Clinical Features
Only 12 of the 67 cases in our data (17.91%) had diarrhea
symptoms, and 44 of the 67 cases (65.67%) had fever symp-
toms. Fifty-nine of the 67 cases (88.06%) had local inflam-
matory manifestations, such as erythema, swelling, and
tenderness in the affected area. The commonly reported
involved sites were the vertebrae, femur, and tibia. The verte-
bra was the most commonly reported bone location,
accounting for 40% of all the reported bones (27/67 total
bones). The femur was reported in 14 cases, whereas the
tibia was reported in seven cases. Twenty-nine patients
(43.28%) developed multifocal osteomyelitis. However, 13
patients suffered from suppurative complications of the
bone (19.40%).

Clinical Test Results
The clinical test results in cases of Salmonella osteomyelitis
are summarized in Table 3. White blood cell counts were
recorded in 47 patients, with an average of 11195.12 �

10804.99 × 10 ^6/L (95% CI, 8022.64–14367.57 × 10 ^6/L).
In addition, neutrophil percentages were recorded in seven
patients, with an average of 75.14% � 11.95% (95% CI,
64.09%–86.20%). Serum C-reactive protein (CRP) was
detected in 22 patients, with an average of 138.32 � 106.76
mg/L (95% CI, 90.98–185.65 mg/L), and the erythrocyte sed-
imentation rate (ESR) was detected in 33 patients, with an
average of 72.52 � 36.55 mm/1 h (95% CI, 59.56–85.47 mm/
1 h). All of these laboratory results were higher than the nor-
mal ranges.

All 52 reported aspiration and biopsy cultures isolated
Salmonella (100%), whereas only 25 of 37 reported blood cul-
tures isolated Salmonella (67.57%). In addition, stool culture
was positive in 28% of cases. Ten patients underwent all three
culture methods. All of the cases were positive by aspiration
and biopsy culture, while only five (50.00%) cases were posi-
tive by blood culture and three (30.00%) by stool culture. In
addition, 14 cases underwent serological testing, and 11
(78.57%) were positive. Seven studies reported antibiotic resis-
tance (Additional file 2), and great variation in the antimicro-
bial susceptibility of the reported strains was observed.
Multidrug resistance was detected in 71.43% of Salmonella
spp. Salmonella typhi presented the highest resistance
(42.86%) and multidrug resistance (38.10%) rates, respectively.

Treatment and Clinical Outcomes
Antibiotic therapy alone was utilized in 30 cases, and 24
patients (80.00%) were eventually cured. The other 37 cases
were treated with surgical intervention in addition to antibi-
otics; 28 patients (75.68%) eventually achieved good outcomes
after being treated with antibiotics for Salmonella infection
(Additional file 2). The overall cure rate was 77.61%.

With regard to therapy, ciprofloxacin was reported in
24 cases. Third-generation cephalosporins were utilized in 21
cases, ampicillin in 11, chloramphenicol in eight, ofloxacin in
five, trimethoprim-sulfamethoxazole in four, and fusidic acid
in three. The duration of treatment for four patients who
were cured was not recorded. Treatment was continued for
an average of 11.3 weeks (95% CI, 8.31–14.37 weeks).

Discussion

Salmonella is a gram-negative bacillus that can cause a
broad spectrum of human infections, such as gastroen-

teritis, typhoid fever, and bacteremia, and an asymptomatic
carrier state can occur. Osteomyelitis is an extremely rare
complication of Salmonella infection and occurs in approxi-
mately 0.8% of all Salmonella infections15. We compiled
multiple studies published between 1970 and 2019, and only
67 cases could be found. Perhaps the disease is under-
reported or underdiagnosed. Among the 67 cases of Salmo-
nella osteomyelitis, there was a male preponderance, with a
sex ratio of nearly 2:1. The rate of osteomyelitis due to Sal-
monella typhi was the highest, but osteomyelitis due to Sal-
monella typhimurium and Salmonella enteritidis was also
common. These results were consistent with those of Salmo-
nella osteomyelitis in children13.

TABLE 3 Clinical test results in cases of salmonella
osteomyelitis

Finding No. of patients with finding/totle no. (%)

WBC count > 9500/mm3 22/47(46.81)
ESR > 20 mm/h 31/34(91.18)
CRP > 8 mg/L 21/22(95.45)
Positive blood culture 25/37(67.57)
Positive tissue culture 52/52(100)
Positive stool culture 7/25(28)
Salmonella serotype isolate
S.typhi 19/67(28.36)
S.typhimurium 12/67(17.91)
S.enteriditis 11/67(16.42)
S.choleraesuis 3/67(4.48)
S.newport 2/67(2.99)
Others 9/67(13.43)
Not typed 12/67(17.91)
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Etiology
In our systematic review, we defined patients with malignan-
cies, AIDS, or other immunodeficiency diseases or a history
of immunosuppressant use as immunocompromised, as indi-
cated in previous literature16. Salmonella osteomyelitis is
common in immunocompromised patients. Salmonella oste-
omyelitis also occurs in patients with diabetes, autoimmune
diseases, and hemoglobinopathies; this has been well recog-
nized 3–5. However, immunocompetent adults without com-
mon risk factors accounted for the largest proportion of
cases, which is in complete contrast with a previous study.
This is an indication that Salmonella osteomyelitis should be
considered even if no predisposing factor is found.

Clinical Features
The clinical presentation of Salmonella osteomyelitis is often
nonspecific and insidious, and it shares several features simi-
lar to pyogenic osteomyelitis due to other causes. The usual
clinical signs include fever, bone pain, tenderness, and soft
tissue swelling. Only a minority of patients have diarrhea or
a recent history of diarrhea. This is probably due to a long
incubation period and nonintestinal entry routes of infec-
tion17, 18. Initial investigations include WBC counts, ESRs,
and imaging tests. The usual laboratory findings include leu-
kocytosis, an elevated ESR, and bone erosion on radiograph
or CT imaging.

However, the relevant inflammatory markers and
radiographic examination findings are common in osteomye-
litis patients and cannot differentiate Salmonella osteomyeli-
tis from other types of infectious osteomyelitis.

Diagnosis
Serology tests and the culture of Salmonella is useful in
aiding diagnosis. The sensitivity of the Widal test for osteo-
myelitis is higher than that for gastroenteritis, presumably
because the immune system has sufficient time to mount an
antibody response. However, titers can be increased due to
prior exposure, so the definitive diagnosis can only be con-
firmed by a positive culture19. In our review, the culture
from an aspiration or biopsy sample was valuable for diagno-
sis, as they were positive for all Salmonella osteomyelitis
patients. Notably, stool cultures and blood cultures may or
may not be positive in infected patients.

The emergence of antibiotic resistance is the most
alarming issue with respect to Salmonella infection. Salmo-
nella was commonly treated with ampicillin, chlorampheni-
col, and trimethoprim-sulfamethoxazole, resulting in a high
prevalence of antimicrobial resistance. Due to good oral bio-
availability and strong macrophage penetration,
fluoroquinolones have become alternative antimicrobial
agents11. However, fluoroquinolones are failing because resis-
tance has become increasingly common20, 21. Consequently,
third-generation cephalosporins were the most common
agents of choice in our review. However, the emergence of
resistance to third-generation cephalosporins has also been
reported22, 23. Thus, empirical therapy with a third-

generation cephalosporin is recommended until the suscepti-
bility of the strain is detected.

Treatment
The optimal antibiotic treatment duration is of great impor-
tance, as failure and recurrence can occur if treatment is pro-
vided for an insufficient duration. However, no data on
failure and recurrence were available, and most of the
included cases that achieved favorable results were treated
for 6 to 8 weeks. Santos and Sapicro recommend a therapy
duration of 2 months for uncomplicated osteomyelitis. In
chronic or complicated infections, therapy should be admin-
istered for a minimum of 3 months11. The termination of
antibiotics should be decided according to the therapeutic
effect of the antibiotics. Furthermore, clinical trials should be
conducted to determine the ideal length of treatment.

There are no randomized or case–control studies that
report standardized antibacterial therapy regimens or surgi-
cal procedures, so optimal individualized management is
crucial for the treatment of patients. When antibacterial
treatment failed or the infected implants required debride-
ment or removal, the surgical procedures were only indi-
cated, and surgery was required in more than half of the
cases in our review. Carlson and Dobozi consider that surgi-
cal debridement is not adequate and radical debridement of
the lesion is recommended15. Finally, most patients with Sal-
monella osteomyelitis achieved good outcomes, with a cure
rate of 77.61% in our literature review, which is consistent
with the results of Salmonella osteomyelitis in children13.

Limitations
Admittedly, our systematic review had several limitations.
First, the included studies were all case series, and the quality
of the original studies was limited. In addition, the small
sample size may have resulted in biased results. The differ-
ences in disease severity, postoperative care protocols, length
of follow-up, and other confounding factors might have led
to study heterogeneity, and the effects of different treatments
could not be compared. Finally, we did not attempt to iden-
tify unpublished literature; thus, potential publication bias
may lower the validity of the results. Therefore, the sugges-
tions in this systematic review should be interpreted with
caution.

Salmonella is a non-spore-forming gram-negative
bacillus that can cause a broad spectrum of human infec-
tions. Salmonella osteomyelitis is an extremely rare compli-
cation but it shares many features with infectious
osteomyelitis due to other causes that are difficult to cor-
rectly diagnose and eventually cause persistent infection.
Aspiration or biopsy can be utilized for the identification of
pathogens to guide antibiotic choice. Empirical therapy with
a third-generation cephalosporin is recommended until the
susceptibility of the strain is detected. When antibiotic treat-
ment fails, surgery combined with antibiotics is required to
achieve the desired results, and optimal individualized man-
agement is crucial for the treatment of patients.
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