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Complications and mortality of non-typhoidal salmonella 
invasive disease: a global systematic review and meta-analysis
Christian S Marchello, Megan Birkhold, John A Crump, on behalf of the Vacc-iNTS consortium collaborators*

Summary
Background Non-typhoidal salmonella can cause serious, life-threatening invasive infections involving the bloodstream 
and other normally sterile sites. We aimed to systematically review the prevalence of complications and case-fatality 
ratio (CFR) of non-typhoidal salmonella invasive disease to provide contemporary global estimates and inform the 
development of vaccine and non-vaccine interventions.

Methods We did a global systematic review and meta-analysis of studies investigating the complications and mortality 
associated with non-typhoidal salmonella invasive disease. We searched Embase, MEDLINE, Web of Science, and 
PubMed for peer-reviewed, primary research articles published from database inception up to June 4, 2021, with no 
restrictions on language, country, date, or participant demographics. Only studies reporting the proportion of 
complications or deaths associated with non-typhoidal salmonella invasive disease, confirmed by culture of samples 
taken from a normally sterile site (eg, blood or bone marrow) were included. We excluded case reports, case series, 
policy reports, commentaries, editorials, and conference abstracts. Data on the prevalence of complications and CFR 
were abstracted. The primary outcomes were to estimate the prevalence of complications and CFR of non-typhoidal 
salmonella invasive disease. We calculated an overall pooled CFR estimate and pooled CFR stratified by UN region, 
subregion, age group, and by serovar when available with a random-effects meta-analysis. A risk-of-bias assessment 
was done, and heterogeneity was assessed with Cochran’s Q Test, I², and τ². This study was done in accordance 
with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses, and is registered with 
PROSPERO, CRD42020202293.

Findings The systematic review returned a total of 8770 records. After duplicates were removed, 5837 titles and 
abstracts were screened, yielding 84 studies from 35 countries after exclusions. Of these included studies, 77 (91·7%) 
were hospital-based and 66 (78·6%) were located in Africa or Asia. Among 55 studies reporting non-typhoidal 
salmonella disease-associated complications, a total of 45 different complications were reported and 1824 complication 
events were identified among 6974 study participants. The most prevalent complication was septicaemia, occurring 
in 171 (57·2%) of 299 participants, followed by anaemia in 580 (47·3%) of 1225 participants. From 81 studies reporting 
the CFR of non-typhoidal salmonella invasive disease, the overall pooled CFR estimate was 14·7% (95% CI 12·2–17·3). 
When stratified by UN region, the pooled CFR was 17·1% (13·6–21·0) in Africa, 14·0% (9·4–19·4) in Asia, 9·9% 
(6·4–14·0) in Europe, and 9·6% (0·0–25·1) in the Americas. Of all 84 studies, 66 (78·6%) had an overall high risk of 
bias, 18 (21·4%) had a moderate risk, and none had a low risk. Substantial heterogeneity (I²>80%) was observed in 
most (15 [65·2%] of 23) CFR estimates.

Interpretation Complications were frequent among individuals with non-typhoidal salmonella invasive disease and 
approximately 15% of patients died. Clinicians, especially in African countries, should be aware of non-typhoidal 
salmonella invasive disease as a cause of severe febrile illness. Prompt diagnoses and management decisions, 
including empiric antimicrobial therapy, would improve patient outcomes. Additionally, investments in improving 
clinical microbiology facilities to identify non-typhoidal salmonella and research efforts towards vaccine development 
and non-vaccine prevention measures would prevent non-typhoidal salmonella invasive disease-associated illness 
and death.
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Introduction
Non-typhoidal salmonella typically causes acute entero
colitis that is mild and self-limiting in most people.1 
The illness can also present as a febrile invasive disease 
often in the absence of diarrhoea, with bacteraemia, 
meningitis, or focal infections that, if untreated or 
improperly treated, can be fatal.2–4 At-risk populations 

for non-typhoidal salmonella invasive disease include 
infants and young children, older individuals, immuno
compromised or malnourished individuals, and those 
with recent malaria or HIV infection.1–3,5–7

There were an estimated 535 000 non-typhoidal 
salmonella invasive disease illnesses and 77 500 deaths 
due to this disease in 2017.8 Of all non-typhoidal 
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salmonella invasive disease illnesses worldwide, most 
occur in sub-Saharan Africa, where non-typhoidal 
salmonella is a leading cause of community-onset blood
stream infection.8–11 Most high-income countries have 
national passive or active surveillance systems in place 
to monitor the epidemiology of both non-typhoidal 
salmonella-associated diarrhoea and bloodstream 
infection, with findings often available in surveillance 
reports that were outside the scope of our systematic 
review. By contrast, sentinel surveillance studies are 
needed to gather such data in low-resource settings. The 
incidence of non-typhoidal salmonella invasive disease 
often exceeds 100 illnesses per 100 000 individuals per 
year in some populations in sub-Saharan Africa, and can 
exceed 1000 illnesses per 100 000 per year in young 
children in this region.12 Due to clinical similarities with 
other febrile illnesses, early and accurate diagnosis and 
treatment of non-typhoidal salmonella invasive disease 
can be difficult.13 Recognised severe complications 
include sepsis, osteomyelitis, lung infections, and septic 
arthritis.1,2 Previous studies report case-fatality ratios 
(CFRs) of 20–28% in Mali,14,15 Bangladesh,16 and 
Vietnam,6 with CFRs as high as 47% in adults with HIV 
in Malawi.17

There are more than 2500 recognised serovars 
of Salmonella enterica.18 However, two serovars, 

Typhimurium and Enteritidis, have been identified as the 
most common causes of non-typhoidal salmonella invasive 
disease in humans.10,11,19 To confirm the diagnosis of non-
typhoidal salmonella invasive disease, and to obtain 
isolates for serotyping and antimicrobial susceptibility 
testing, the culture of blood, cerebrospinal fluid, bone 
marrow, or another normally sterile site is required.1,20 
Unfortunately, microbiology services are often not available 
in low-resource areas. Additionally, antimicrobial resis
tance among non-typhoidal salmonella is prevalent in sub-
Saharan Africa.20–22 Multidrug resistance and resistance to 
third-generation cephalosporins, including ceftriaxone, 
has emerged among non-typhoidal salmonella that 
will exacerbate already poor outcomes for patients.23 The 
development and deployment of an efficacious and 
safe vaccine, which is a major aim of the Vacc-iNTS 
research project, would be valuable to prevent non-
typhoidal salmonella invasive disease, which is becoming 
increasingly difficult to treat.24,25

Previous systematic reviews of non-typhoidal salmo
nella invasive disease have been limited by geographical 
location9 or restricted to describing antimicrobial resis
tance among isolates.23 Contemporary, global estimates 
of non-typhoidal salmonella invasive disease morbidity 
and mortality are needed to inform decisions on future 
vaccine development and non-vaccine intervention 

Research in context

Evidence before this study
We systematically searched Embase, MEDLINE, Web of Science, 
and PubMed with no restrictions on language, study location, 
date, or participant demographics using the search terms 
non-typhoidal salmonella, mortality, morbidity, died, fatal, 
and complications. We included peer-reviewed, research articles 
published from database inception up to May 21, 2020, 
reporting the complications and mortality of non-typhoidal 
salmonella invasive disease. Case reports, case-series, policy 
reports, commentaries, editorials, and conference abstracts 
were excluded. Available reviews on non-typhoidal salmonella 
invasive disease-related complications and mortality were 
scarce. Those identified used geographically restricted search 
strategies, or focused on specific domains, such as antimicrobial 
resistance. It was estimated that non-typhoidal salmonella 
invasive disease caused approximately 535 000 illnesses and 
775 00 deaths in 2017. Complications of non-typhoidal 
salmonella invasive disease, such as focal abscesses, meningitis, 
osteomyelitis, lung infections, and septic arthritis, can be 
severe, debilitating, and life-threatening.

Added value of this study
In this systematic review and meta-analysis, we update and 
expand on previous work to present contemporary global 
estimates of the proportion of patients with non-typhoidal 
salmonella invasive disease who develop complications, and 
pooled estimates of case-fatality ratios for culture-confirmed, 

non-typhoidal salmonella invasive disease globally, by UN 
region, UN subregion, and stratified by age, when possible. 
Since January, 2015, an additional 22 eligible studies were 
published on non-typhoidal salmonella invasive disease 
mortality, adding substantial new data on this disease that had 
not been collated previously. Our comprehensive review and 
analysis is the first to provide contemporary information on the 
complications and mortality associated with non-typhoidal 
salmonella invasive disease globally, including in regions 
without up-to-date, robust national surveillance data.

Implications of all the available evidence
Although the predominance of hospital-based studies is likely 
to have biased our results towards severe non-typhoidal 
salmonella invasive disease, we identify frequent serious 
complications and high case fatality ratios that could be averted 
with prevention measures. Clinicians, especially in African 
countries, should be aware of non-typhoidal salmonella 
invasive disease as a cause of severe febrile illness, and consider 
non-typhoidal salmonella in empiric antimicrobial therapy 
choices. Investments in clinical microbiology facilities to 
identify non-typhoidal salmonella and antimicrobial 
susceptibility profiles would aid in diagnosis and management 
decisions, with the potential to improve outcomes. 
Additionally, the development and deployment of an effective 
and safe bivalent or multivalent non-typhoidal salmonella 
vaccine has the potential to avert substantial illness and death.

https://vacc-ints.eu/
https://vacc-ints.eu/
https://vacc-ints.eu/
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efforts. We therefore aimed to conduct a systematic 
review and meta-analysis of the prevalence of 
complications and the CFR in patients with non-
typhoidal salmonella invasive disease.

Methods
Search strategy and selection criteria
We did a global systematic review and meta-analysis of 
studies investigating the complications and mortality of 
non-typhoidal salmonella invasive disease. We did a 
literature search of Embase, MEDLINE, Web of Science, 
and PubMed on May 21, 2020, for peer-reviewed, primary 
research articles published from database inception up to 
the date of the literature search; an updated search was 
done on June 4, 2021 (appendix pp 2–7). Key search terms 
included non-typhoidal salmonella, specific serovars 
(eg, Typhimurium), mortality, morbidity, died, fatal, and 
complications. We did not restrict the search by language, 
country, date, or participant demographics. References of 
included articles were also screened.

We included studies reporting the proportion of 
complications or deaths from non-typhoidal salmonella 
invasive disease, confirmed by culture of samples taken 
from a normally sterile site (eg, blood or bone marrow). 
Included studies recruited participants of any age 
reporting the number of patients with non-typhoidal 
salmonella invasive disease who had a complication or 
died. We excluded case reports, case series, policy reports, 
commentaries, editorials, and conference abstracts. 
Complications were author-defined. For example, in the 
study by Shahunja and colleagues,16 pneumonia was 
diagnosed based on the physician’s interpretation of 
clinical findings and the chest radiograph, and clinical 
sepsis was defined as presence or suspected presence of 
infection plus any two author-defined characteristics. We 
did not create a predetermined list of complications to be 
abstracted. We also did not redefine or standardise 
complications, for example, by using laboratory thres
holds for classifying anaemia or criteria for author-
defined sepsis or septicaemia.

Titles and abstracts from each database search result 
were downloaded and imported into Endnote X8. 
Duplicates were removed by Endnote X8 and collated 
into one reference list to be uploaded to the online 
systematic review tool Rayyan (Qatar Computing 
Research Institute, Doha, Qatar) for screening.26 
Screening of titles and abstracts and full-text portable 
document formats was done in parallel by two authors 
(CSM and MB), and a third author (JAC) was consulted if 
conflicts could not be resolved through discussion. Data 
were then abstracted (by CSM and MB) by use of Google 
Forms.

This study was done according to the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses.27 This was a study of published data and, as 
such, institutional review board approval was not 
required. The study protocol is available online.

Data analysis
Study characteristics abstracted included study country 
and location, UN region and subregion, study setting, 
study design, data collection start and end date, normally 
sterile site cultured, and the age group of participants 
(children aged ≤15 years, adults aged >15 years, or mixed 
ages; appendix pp 8–20). Age groups were defined on the 
basis of inclusion criteria or age-range data provided in 
the results.

After abstracting study characteristics, CSM and MB 
abstracted data on complications and mortality. As 
presented in the primary articles by the study authors, we 
documented the number of participants with non-
typhoidal salmonella invasive disease, how many deaths 
occurred among those with non-typhoidal salmonella 
invasive disease, and the number and type of compli
cations. When available, we stratified the data by S enterica 
serovar. We also abstracted mortality data among 
participants with non-typhoidal salmonella invasive 
disease who were or were not coinfected with HIV and 
malaria. HIV and malaria coinfection status were author-
defined. We did not contact the authors of included 
studies for individual patient-level data. The final dataset 
was reviewed by a third author (JAC) for completeness 
and accuracy.

The primary outcomes were to estimate the prevalence 
of complications and CFR of non-typhoidal salmonella 
invasive disease. The prevalence of complications was 
calculated by dividing the number of complication events 
that occurred by the number of participants with non-
typhoidal salmonella invasive disease. All denominators 
for complications were calculated using patients for whom 
data were available. Of note, we could not reliably ascertain 
from the data provided in eligible studies if a single 
participant had multiple complications or if multiple 
participants had different complications. When explicitly 
described by authors, we stratified extraintestinal focal 
infections by type (eg, as an abscess or meningitis). When 
an extraintestinal complication was only described by the 
authors as a focal infection or similar, we classified 
the complication as a non-specific extraintestinal focal 
infection.

We calculated the CFR by dividing the number of 
deaths by the number of participants with non-typhoidal 
salmonella invasive disease. We did a meta-analysis in 
MetaXL version 5.3 (EpiGear International Pty, Sunrise 
Beach, QLD, Australia) using the DerSimonian-Laird 
random-effects model with double arcsine transformation 
to report pooled CFR estimates.28,29 Forest plots were 
generated with natural scales. Heterogeneity was 
assessed by use of Cochran’s Q test, I², and τ². We also 
meta-analysed HIV and malaria mortality data using 
a random-effects model to find out whether there 
was an association between the risk of death among 
participants with non-typhoidal salmonella invasive 
disease who were or were not coinfected with HIV, 
and between the risk of death among participants with 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020202293
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020202293
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020202293
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020202293
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non-typhoidal salmonella invasive disease who were or 
were not coinfected with malaria. We calculated pooled 
odds ratios (ORs) using inverse variance heterogeneity,30 

and ORs were considered significant if the 95% CI did 
not cross 1·0.

Risk of bias was assessed according to two main 
domains, guided by prevalence, incidence, and non-
randomised study bias assessment tools.31–33 For 
the selection and recruitment domain, we evaluated 
study design, study setting, and patient selection. In the 
measurement and reporting domain, we evaluated 
definitions for complications, patient follow-up, and 
microbiology methods. We scored each question as 
unknown, low, or high risk, and assigned each study 
as having a low, moderate, or high risk of bias 
(appendix pp 21–22).

The protocol was submitted to PROSPERO on Aug 2, 2020, 
and registered on Sept 1, 2020 (CRD42020202293).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Our search strategy returned 8770 records. We screened 
5837 titles and abstracts for inclusion after 2933 duplicates 
were removed. Of 5837 titles and abstracts, 281 (4·8%) 
proceeded for full-text review. We excluded 201 (71·5%) 
studies, resulting in 80 eligible studies for analysis. 
When screening the citations of the 80 studies, we 
identified an additional four studies that met our 
inclusion criteria, yielding a total of 84 eligible studies for 
analysis (figure 1).6,15,16,34–114

Among these 84 studies, data were collected between 1971 
and 2019 in four of the five UN regions: 33 (39·3%) in 
Africa, 33 (39·3%) in Asia, 13 (15·5%) in Europe, five (6·0%) 
in the Americas, and none in Oceania (appendix pp 26–29). 
Regarding the UN subregions, 19 (22·6%) studies collected 
data in eastern Africa, followed by 14 (16·7%) in eastern 
Asia, and nine (10·7%) in southeastern Asia. Ten UN 
subregions had one to seven studies, whereas nine 
subregions had no studies (appendix pp 26–29). Among the 
84 studies, 55 (65·5%) had available data on non-typhoidal 
salmonella invasive disease-related complications and 
81 (96·4%) reported CFRs; three studies61,83,102 had data on 
complications but did not report CFRs. A total of 39 (46·4%) 
studies recruited children only, 26 (31·0%) recruited both 
children and adults, and 19 (22·6%) recruited adults only. 
77 (91·7%) studies recruited patients from a hospital setting, 
six (7·1%) were not hospital-based, and one (1·2%) recruited 
patients from both hospital and outpatient settings.15 

72 (85·7%) studies reported isolating non-typhoidal 
salmonella from blood cultures only, three (3·6%) from 
either blood or cerebrospinal fluid cultures, and the 
remaining nine (10·7%) from cultures of blood, 
cerebrospinal fluid, or another normally sterile fluid, such 

as pleural fluid or synovial fluid. Of all 84 studies, 66 
(78·6%) had an overall high risk of bias, 18 (21·4%) had a 
moderate risk, and none had a low risk (figure 2; 
appendix pp 23–25).

Among the 55 studies reporting complications of 
non-typhoidal salmonella invasive disease, confirmed 
by cultures of a normally sterile site, 45 different compli
cations were reported, and 1824 complication events were 
identified among 6974 study participants (table 1). The 
most prevalent complication was septicaemia, occurring 
in 171 (57·2%) of 299 participants, followed by anaemia in 
580 (47·3%) of 1225 participants. The most commonly 
reported complication was an abscess, with 19 estimates 
reporting this occurring in 47 (2·9%) of 1609 participants, 
followed by 17 estimates reporting recurrence in 110 (4·8%) 
of 2229 participants, and 16 estimates reporting pneumonia 

Figure 1: Study selection for a systematic review and meta-analysis of 
complications and mortality of non-typhoidal salmonella invasive disease 
worldwide from 1971 up to 2019
*The sum of articles excluded for each reason exceeds the total number of 
studies excluded because a study could be excluded for more than one reason.

8770 potentially eligible studies identified
            through database search

3382 from Embase and Ovid MEDLINE
2857 from Web of Science
2531 from PubMed

2933 duplicates removed

5837 titles and abstracts screened

281 full-text articles screened

84 articles included in the meta-analysis  

5556 excluded 

4 additional
    articles
    identified via
    citation review

201 excluded*
79 had insufficient data available
50 did not stratify non-sterile specimens 
46 did not stratify non-typhoidal salmonella
        infection data  
38 only included patients with a specific
      disease
12 full text not available
11 year and location not provided

9 had duplicate data in other included
    articles
8 were in a non-Latin language that could
    not be translated
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in 232 (14·4%) of 1619 participants. Among severe, life-
threatening complications, encephalopathy was reported 
in eight (20·0%) of 40 participants, extraintestinal focal 
infections in 66 (9·2%) of 721, pleuropulmonary infection 
in 17 (8·3%) of 204, mycotic aneurysm in 124 (6·2%) 
of 1991, encephalitis in three (4·8%) of 62, and endocarditis 
in six (1·6%) of 366.

Of the 81 studies reporting a CFR for non-typhoidal 
salmonella invasive disease, two (2·5%) included data 
from multiple study sites,101,107 one (1·2%) was done over 
multiple consecutive years,⁷⁷ and one (1·2%) included 
both hospital and outpatient settings, 15 resulting in 
97 individual CFR estimates. The median CFR across all 
97 estimates was 13·3% (IQR 5·5–22·7). The overall 
pooled CFR estimate was 14·7% (95% CI 12·2–17·3). 
When stratified by UN region, the pooled CFR was 17·1% 
(13·6–21·0) in Africa, 14·0% (9·4–19·4) in Asia, 9·9% 
(6·4–14·0) in Europe, and 9·6% (0·0–25·1) in the 
Americas (table 2). In Africa, when stratified by UN 
subregion, the pooled CFR was 33·1% (31·2–35·0) in 
southern Africa, 19·9% (7·3–34·5) in western Africa, 
18·9% (14·7–23·6) in middle Africa, and 15·8% 
(12·0–19·8) in eastern Africa (table 2; figure 3A). The 
pooled CFR in adults was 21·0% (16·6–25·7) compared 
with 12·0% (9·0–15·4) in children (table 2). Of all 
97 estimates, 89 (91·8%) were from hospital-based 
studies, with a pooled CFR of 15·1% (12·5–17·8), and 
eight (8·2%) were from non-hospital-based studies, 
with a pooled CFR of 9·9% (2·8–20·0). Substantial 

heterogeneity (I²>80%), was observed in 15 (65·2%) of 
23 of the pooled CFR estimates (table 2).

One study provided CFR data over multiple consecutive 
years in one location.76 In Manhiça, Mozambique, 
ten (8·4%) of 199 participants died in 2001. The highest 
CFR was observed in 2010, when three (25·0%) of 
12 participants died, and the lowest was in 2013 when 
one (5·2%) of 19 died (appendix p 32).

Among 12 977 participants with non-typhoidal salmo
nella invasive disease, 5934 (45·7%) S enterica isolates 
were serovar Typhimurium, 4122 (31·8%) were serovar 
Enteritidis, 403 (3·1%) were serovar Dublin, 186 (1·4%) 
were serovar Virchow, 172 (1·3%) were serovar Isangi, and 
134 (1·0%) were serovar Choleraesuis (appendix pp 30–31). 
All other serovars each accounted for less than 1·0% of 
non-typhoidal salmonella invasive isolates identified. The 
pooled CFR among S enterica serovar Typhimurium 
infections was 21·6% (15·6–28·2), for serovar Dublin was 
19·1% (15·0–23·6), and for serovar Enteritidis was 15·0% 
(10·9–19·7; table 2). There were insufficient data available 
to examine CFR associations for other serovars.

Eight studies reported CFRs among participants 
with non-typhoidal salmonella invasive disease who 
had HIV coinfection versus those without HIV 
coinfection.42,48,66,67,72,84,108,111 Among 1907 participants with 
non-typhoidal salmonella invasive disease and HIV 
coinfection, 595 (31·2%) had died, whereas, among 
762 participants with non-typhoidal salmonella invasive 
disease who did not have HIV coinfection, 128 (16·8%) 

Figure 2: Quality assessment for the risk of bias of included studies on the complications and mortality associated with non-typhoidal salmonella invasive 
disease worldwide from 1971 up to 2019
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had died (χ²=56·5; p<0·0001). A significantly higher risk 
of death was observed in participants with HIV 
coinfection versus those without HIV coinfection, with a 
pooled OR of 2·4 (95% CI 1·4–4·1; appendix p 33). 

Four studies reported CFRs in participants with 
non-typhoidal salmonella invasive disease who had or 
did not have malaria coinfection, all of whom were 
children.37,42,56,105 Among 138 children with non-typhoidal 

Adults aged >15 years Children aged ≤15 years Mixed ages Total Number of 
estimates

Any complication 426/5155 (8·3%) 1060/7926 (13·4%) 338/5847 (5·8%) 1824/6974 (26·2%) 188

Septicaemia ND 167/273 (61·2%) 4/26 (15·4%) 171/299 (57·2%) 2

Anaemia ND 537/1156 (46·5%) 43/69 (62·3%) 580/1225 (47·3%) 12

Acute kidney injury ND ND 10/40 (25·0%) 10/40 (25·0%) 1

Encephalopathy ND ND 8/40 (20·0%) 8/40 (20·0%) 1

Shock 105/515 (20·4%) 2/45 (4·4%) ND 107/560 (19·1%) 6

Pneumonia 13/129 (10·1%) 193/1209 (16·0%) 26/281 (9·3%) 232/1619 (14·3%) 16

Ventriculitis ND 1/9 (11·1%) ND 1/9 (11·1%) 1

Septic shock 23/206 (11·2%) 2/20 (10·0%) 11/105 (10·5%) 36/331 (10·9%) 6

Disseminated intravascular 
coagulation

ND 1/10 (10·0%) ND 1/10 (10·0%) 1

Lung infection ND 1/10 (10·0%) ND 1/10 (10·0%) 1

Nephropathy ND ND 4/40 (10·0%) 4/40 (10·0%) 1

Seizures ND 22/216 (10·2%) 3/40 (7·5%) 25/256 (9·8%) 4

Jaundice ND 13/134 (9·7%) ND 13/134 (9·7%) 3

Non-specific extraintestinal focal 
infections

52/200 (26·0%) 2/246 (0·8%) 12/275 (4·4%) 66/721 (9·2%) 5

Convulsions ND 10/110 (9·1%) 1/20 (5·0%) 11/130 (8·5%) 3

Haemorrhage ND ND 5/60 (8·3%) 5/60 (8·3%) 2

Pleuropulmonary infection 17/204 (8·3%) ND ND 17/204 (8·3%) 1

Coma 13/79 (16·5%) 3/120 (2·5%) ND 16/199 (8·0%) 3

Impaired consciousness ND 3/45 (6·7%) ND 3/45 (6·7%) 1

Joint swelling ND 1/15 (6·7%) ND 1/15 (6·7%) 1

Vascular infection 13/206 (6·3%) ND ND 13/206 (6·3%) 1

Mycotic aneurysm 63/564 (11·2%) ND 61/1427 (4·3%) 124/1991 (6·2%) 7

Urinary tract infection ND 8/134 (6·0%) ND 8/134 (6·0%) 2

Altered consciousness ND 2/36 (5·6%) ND 2/36 (5·6%) 1

Pancreatitis ND ND 2/40 (5·0%) 2/40 (5·0%) 1

Recurrence 61/574 (10·6%) 13/532 (2·4%) 36/1193 (3·0%) 110/2299 (4·8%) 17

Encephalitis ND ND 3/62 (4·8%) 3/62 (4·8%) 1

Gangrene of lower limb ND 2/53 (3·8%) ND 2/53 (3·8%) 1

Abscess 27/667 (4·0%) 14/568 (2·5%) 6/374 (1·6%) 47/1609 (2·9%) 19

Septic arthritis 2/129 (1·6%) 11/328 (3·4%) 3/109 (2·8%) 16/566 (2·8%) 7

Arthritis 7/159 (4·4%) 10/453 (2·2%) 1/40 (2·5%) 18/652 (2·8%) 7

Osteomyelitis 20/564 (3·5%) 12/624 (1·9%) 6/310 (1·9%) 38/1498 (2·5%) 15

Colitis ND ND 1/40 (2·5%) 1/40 (2·5%) 1

Pericarditis ND ND 1/40 (2·5%) 1/40 (2·5%) 1

Peritonitis 3/129 (2·3%) ND ND 3/129 (2·3%) 1

Myocarditis ND ND 1/45 (2·2%) 1/45 (2·2%) 1

Endocarditis 3/210 (1·4%) ND 3/156 (1·9%) 6/366 (1·6%) 4

Subdural effusion ND 2/127 (1·6%) ND 2/127 (1·6%) 2

Colonic perforation ND ND 1/64 (1·6%) 1/64 (1·6%) 1

Haemolytic anaemia ND 1/74 (1·4%) ND 1/74 (1·4%) 1

Catheter-related infection 1/129 (0·8%) ND ND 1/129 (0·8%) 1

Empyema 1/206 (0·5%) ND ND 1/206 (0·5%) 1

Necrotising fasciitis 1/206 (0·5%) ND ND 1/206 (0·5%) 1

Data are n/N (%), unless otherwise indicated. ND=No data available.

Table 1: Complications of non-typhoidal salmonella invasive disease from 1971 up to 2019 globally by age group
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salmonella invasive disease and malaria coinfection, 
24 (17·4%) had died, whereas, among 299 children with 
non-typhoidal salmonella invasive disease who did not 
have malaria coinfection, 73 (24·4%) had died (χ²=2·3; 
p=0·13). A non-significantly lower risk of death was 
observed in participants with malaria coinfection versus 
those without malaria coinfection, with a pooled OR of 
0·6 (95% CI 0·3–1·4; appendix p 34).

Discussion
Our systematic review and meta-analysis showed that a 
substantial proportion of patients with non-typhoidal 
salmonella invasive disease have complications, many 
of which are life-threatening, including encephalo
pathy, pleuropulmonary infection, mycotic aneurysm, 
encephalitis, focal abscesses, and endocarditis. We also 
estimated that approximately 15% of patients with non-
typhoidal salmonella invasive disease die. Despite no 

restrictions in our search strategy by location, there 
were no data available from the UN region Oceania, 
and CFR estimates from UN subregions were only 
reported in four studies from middle Africa, two studies 
from southern Africa, and one study from southern 
Asia. More than half of eligible CFR estimates were 
from three UN subregions, two of which were in Asia. 
The scarcity of data from countries and subregions in 
Africa, which are likely to have a high incidence 
of this disease, poses an important barrier to fully 
understanding the epidemiology of non-typhoidal 
salmonella invasive disease in Africa.

The significantly higher CFR observed in adults than in 
children in our study could be attributed to the 
disproportionate role of HIV infection as a major 
predisposing condition for non-typhoidal salmonella 
invasive disease in adults.2 Although HIV infection is a key 
driver of non-typhoidal salmonella invasive disease risk in 
adults, recent malaria infection is an important risk factor 
for non-typhoidal salmonella invasive disease in children. 
Unlike HIV, which could be associated with an ongoing 
risk for excess mortality, malaria itself might often no 
longer pose a substantial risk of death by the time the child 
presents with non-typhoidal salmonella invasive disease.115

We found a high prevalence of serious complications 
among patients with non-typhoidal salmonella invasive 
disease, including acute kidney injury, encephalopathy, 
pneumonia, haemorrhage, and mycotic aneurysm. Other 
less prevalent, but serious, life-threatening complications 
identified included pancreatitis, encephalitis, meningitis, 
myocarditis, and colonic perforation. Although data 
on the duration of non-typhoidal salmonella invasive 
disease-associated complications are scarce, many compli
cations are sufficiently severe to warrant high disability 
weights.116 The impact of the high CFR and occurrence of 
serious complications is illustrated by comparing the 
burden of typhoid fever with that of non-typhoidal 
salmonella invasive disease. Despite non-typhoidal 
salmonella invasive disease being estimated to cause just 
4·9% of the number of illnesses as typhoid fever in 2017, 
4·26 million disability-adjusted life-years were attributed 
to non-typhoidal salmonella invasive disease, more than 
half as many as typhoid fever.8,117 Strengthening burden of 
disease estimates for non-typhoidal salmonella invasive 
disease-related complications, for instance, by recording 
illness duration and the use of appropriate or specific 
disability weights, would improve awareness and facilitate 
more accurate comparisons of non-typhoidal salmonella 
invasive disease with other diseases. The use of more 
accurate disability-adjusted life-year estimates would 
support investment decisions in vaccine and non-vaccine 
prevention strategies, and allow improved targeting of 
interventions.

Although septicaemia and anaemia were the most 
prevalent complications reported, we were unable to 
reinterpret author definitions for complications. 
According to systemic inflammatory response syndrome 

Pooled case-fatality 
ratio (95% CI)

Q statistic I² (95% CI) τ² CFR 
estimates*

Global 14·7% (12·2–17·3) 1192·6 92·0 (90·7–93·0) 0·102 97

UN subregion

Africa 17·1% (13·6–21·0) 600·6 92·2 (90·4–93·6) 0·093 48

Eastern Africa 15·8% (12·0–19·8) 261·3 87·0 (82·9–90·1) 0·078 35

Middle Africa 18·9% (14·7–23·6) 4·6 34·3 (0·0–76·9) 0·004 4

Southern Africa 33·1% (31·2–35·0) 0 NR 0·000 1

Western Africa 19·9% (7·3–34·5) 120·5 94·2 (90·7–96·4) 0·204 8

Americas† 9·6% (0·0–25·1) 21·2 81·1 (56·1–91·9) 0·196 5

Asia 14·0% (9·4–19·4) 353·6 91·5 (89·0–93·4) 0·137 31

Eastern Asia 15·1% (8·1–23·1) 191·7 93·7 (91·0–95·7) 0·132 13

Southeastern Asia 15·4% (6·7–25·6) 58 86·2 (75·8–92·1) 0·119 9

Southern Asia 18·6% (9·9–28·4) 0·9 0·0 (0·0–96·3) 0·000 3

Western Asia 8·2% (0·0–24·0) 98·4 94·9 (91·4–97·0) 0·315 6

Europe 9·9% (6·4–14·0) 37·7 68·2 (43·4–82·1) 0·028 13

Eastern Europe 15·4% (3·6–32·2) 0 NR 0·000 1

Northern Europe 15·2% (10·3–20·9) 12·2 75·5 (32·2–91·1) 0·157 4

Southern Europe 3·4% (0·9–7·2) 3·1 0·0 (0·0–74·9) 0·000 6

Western Europe 8·8% (0·0–36·9) 6·8 85·2 (40·1–96·4) 0·238 2

Age group

Adults aged >15 years 21·0% (16·6–25·7) 67·5 74·8 (60·1–84·1) 0·037 18

Children aged 
≤15 years

12·0% (9·0–15·4) 470·0 89·1 (86·6–91·2) 0·102 52

Mixed ages 15·4% (10·6–20·9) 547·9 95·3 (94·0–96·2) 0·121 27

Salmonella enterica serovar

Typhimurium 21·6% (15·6–28·2) 174·3 86·8 (81·6–90·5) 0·087 24

Enteritidis 15·0% (10·9–19·7) 88·5 71·7 (58·1–80·9) 0·052 26

Dublin 19·1% (15·0–23·6) 3·2 0·0 (0·0–75·9) 0·000 6

Setting

Hospital 15·1% (12·5–17·8) 776·5 88·7 (86·7–90·4) 0·098 89

Non-hospital 9·9% (2·8–20·0) 374·7 98·1 (97·4–98·7) 0·145 8

NR=not reportable. I² values were NR because only one study was available. *Number of estimates contributing to the 
pooled estimate. †Includes North America only.

Table 2: Pooled case-fatality ratio of non-typhoidal salmonella infection from 1971 up to 2019 by UN 
subregion, age group, serovar, and setting
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(Figure 3 continues on 
next page)

AfricaA Case-fatality ratio (95% CI)
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Manhiça, Mozambique, 200876
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Kibera (urban), Kenya, 2009101

Asembo (rural), Kenya, 2009101

Manhiça, Mozambique, 200976

Blantyre, Malawi, 201050

Manhiça, Mozambique, 201076

Manhiça, Mozambique, 201176

Manhiça, Mozambique, 201276

Manhiça, Mozambique, 201376

Siaya District, Kenya, 201384

Manhiça, Mozambique, 201476

Kilifi, Kenya, 201479

Lwak (rural), Kenya, 2014107

Kibera (urban), Kenya, 2014107

Apac, Tororo, Arua, Kabale, Jinja, and Mubende, Uganda, 201937

Eastern Africa subgroup 
Q statistic=261·26, p<0·0001, I²=87%
Middle Africa 
Kimpese, Democratic Republic of the Congo, 198657

Kivu Province, Democratic Republic of the Congo, 2006106

Bwamanda, Democratic Republic of the Congo, 201286

Oriental Province, Democratic Republic of the Congo, 201449

Middle Africa subgroup
Q statistic=4·57, p=0·21, I²=34%
Southern Africa
Gauteng Province, South Africa, 201366

Western Africa
Ibadan, Nigeria, 197635

Dakar, Senegal, 200394

Dakar, Senegal, 200595

Ashanti region, Ghana, 200981

Nanoro, Burkina Faso, 201375

Nanoro, Burkina Faso, 201458

Bamako, Mali, 201715

Bamako, Mali, 201815

Western Africa subgroup 
Q statistic=120·52, p<0·0001, I²=94%
Overall
Q statistic=600·60, p<0·0001, I²=92%
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 23·8% (18·7–29·3)
 32·9% (25·9–40·3)
 71·4% (31·9–98·8)
 8·4% (4·0–14·1)
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 8·1% (3·6–14·0)
 5·5% (1·9–10·6)
 24·2% (14·6–35·4)
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 6·3% (0·0–24·9)
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 25·0% (4·0–53·9)
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 7·7% (0·0–30·2)
 22·0% (18·0–26·2)
 2·9% (1·0–5·7)
 1·4% (0·0–6·0)
 9·7% (1·3–23·1)
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 22·7% (16·7–29·3)
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 13·3% (6·5–22·1)

 18·9% (14·7–23·6)

 33·1% (31·2–35·0)

 18·2% (0·5–47·4)
 57·1% (43·0–70·8)
 54·8% (42·3–67·1)
 3·1% (0·7–6·9)
 15·0% (2·2–34·6)
 6·0% (1·3–13·2)
 0·0% (0·0–15·2)
 20·9% (17·9–24·0)

 19·9% (7·3–34·5)

 17·1% (13·6–21·0)
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criteria, septicaemia is strictly defined as bacteraemia 
with features of sepsis. We cannot exclude the possibility 
that some authors might have used a less stringent 
definition of septicaemia (ie, using septicaemia inter
changeably with bacteraemia), resulting in misclassi
fication of sepsis. Some complication categories, such as 
shock, which is a component of some definitions of 
sepsis, are unlikely to be mutually exclusive; therefore, 
the prevalence of these complications might have been 
overestimated. Additionally, anaemia is a major sequela 

of HIV and malaria infection, but it is also a recognised 
host risk factor for non-typhoidal salmonella invasive 
disease. Consequently, anaemia might be over-reported 
as a complication of non-typhoidal salmonella invasive 
disease in our study, since we were unable to ascertain 
whether it was present before the onset of non-typhoidal 
salmonella invasive disease. As a result, it was difficult to 
be confident that author-reported complications met the 
widely accepted definitions of clinical conditions, and to 
ascertain whether some clinical observations were actual 

Figure 3: Forest plot of non-typhoidal salmonella case-fatality ratios among study sites in Africa from 1976 up to 2019, by UN subregion (A), and in Asia from 
1990 up to 2017, by UN subregion (B)
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 0·0% (0·0–9·9)
 6·6% (1·5–14·4)
 8·2% (0·0–24·0)
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Taoyuan, Taiwan, 2003104

Taipei, Taiwan, 2003111
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Taipei, Taiwan, 2004110
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Taipei, Taiwan, 200663

Taipei, Taiwan, 2006112

Tainan, Taiwan, 200972

New Taipei City, Taiwan, 201273

Taipei and New Taipei City, Taiwan, 201445

Taipei, Taiwan, 201544

Eastern Asia subgroup
Q statistic=191·73, p<0·0001, I²=94%
Southeastern Asia
Bangkok, Thailand, 1993103

Bangkok, Thailand, 1994100

Singapore, Singapore, 200359

Ho Chi Minh City, Vietnam, 200387

Phnom Penh, Cambodia, 2011108

Gombak District, Malaysia, 201134

Siem Reap, Cambodia, 201148

Ho Chi Minh City, Vietnam, 20136

Bintulu, Malaysia, 201677

Southeastern Asia subgroup
Q statistic=57·97, p<0·0001, I²=86%
Southern Asia
Dhaka, Bangladesh, 201316

Manipal, India, 201685

Dhaka, Bangladesh, 201798

Southern Asia subgroup
Q statistic=0·93, p=0·63, I²=0%
Western Asia
Ankara, Turkey, 199293

Petach Tikva, Israel, 199697

Jerusalem, Israel, 200138

Ankara, Turkey, 200246

Tikva, Israel, 201098

Kuwait City, Kuwait, 201636

Western Asia subgroup
Q statistic=98·40, p<0·0001, I²=95%
Overall 
Q statistic=353·65, p<0·0001, I²=92%
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sequela of non-typhoidal salmonella invasive disease or 
of pre-existing conditions only.

We showed that non-typhoidal salmonella invasive 
disease was deadly, with a pooled CFR estimate of 14·7%. 
The CFR of non-typhoidal salmonella invasive disease is 
markedly higher than that estimated for other major 
febrile illnesses, such as malaria, with an estimated 
CFR of 0·2%,118 and typhoid fever, with an estimated 
CFR of 2·0%.119 Although most data in our analysis were 
from hospital-based studies that could potentially bias 
our results towards severe disease, we stratified the 
analysis by setting and observed a non-significant 
trend for higher CFRs in hospital-based studies than 
in non-hospital-based studies. Alternatively, active, 
community-based studies could bias results towards a 
lower prevalence of complications than hospital-based 
studies and CFRs as a result of active case-finding, and 
enhanced diagnosis and treatment. Delays in accessing 
care leading to later diagnosis and longer time to receive 
appropriate antimicrobial treatment have been associated 
with increased CFR among patients with typhoid 
fever.119 Further research investigating whether a similar 
association is observed among patients with non-
typhoidal salmonella invasive disease is warranted.

S enterica serovars Typhimurium and Enteritidis were 
the most prevalent serovars identified in our analysis. 
Others have reported that most salmonella isolates from 
invasive infections in sub-Saharan Africa are S enterica 
serovar Typhimurium sequence type 313,120 which is 
predominately multidrug resistant (ie, to ampicillin, 
chloramphenicol, and co-trimoxazole [trimethoprim-
sulfamethoxazole]), and has also shown extensive drug 
resistance.121 Additionally, a high frequency of multidrug 
resistance has been observed among S enterica serovar 
Enteritidis isolates in Africa.122,123 Antimicrobial resistance 
in the two most prevalent non-typhoidal salmonella 
serovars will probably lead to poorer outcomes in 
patients infected with these serovars, making control and 
prevention efforts more difficult. Non-typhoidal salmonella 
vaccine development represents an important avenue to 
prevent complications and deaths from this disease, 
which is becoming increasingly difficult to treat due to 
antimicrobial resistance. Vaccines in preclinical or 
clinical development include live attenuated S enterica 
serovar Typhimurium, non-typhoidal S enterica core and 
O-polysaccharide glycoconjugates, multiple antigen 
presenting system complexes, and generalised modules 
for membrane antigens (GMMA) of S enterica serovars 
Enteritidis and Typhimurium expressed on outer 
membrane vesicles. Phase 1 studies of GMMA vaccines 
are underway.25 Ideally, vaccines to prevent non-typhoidal 
salmonella invasive disease will need to protect individuals 
from early in life12 and patients with host risk factors for 
disease, including HIV, malaria, and malnutrition. 
Our study supports non-typhoidal salmonella vaccine 
development, especially vaccines focused on S enterica 
serovars Typhimurium and Enteritidis.

Our study had several limitations. Eligible studies were 
predominantly from Africa and Asia, with some other 
regions poorly represented. Although there is no test for 
publication bias in prevalence studies, it is possible that 
studies identifying a high frequency of complications and 
high CFRs were more likely to be published than those 
finding no complications and low CFRs. However, our 
systematic review identified a large number of studies, and 
those that were eligible tended to be studies of bloodstream 
infection prevalence and outcomes. Consequently, it is 
improbable that outcomes for a specific pathogen would 
have motivated publication. Eligible publications rarely 
provided details on modalities for diagnosing comorbidities 
and case definitions for complications. This lack of detail 
might have resulted in misclassification of comorbidities 
and complications and was formally assessed in our bias 
assessment. We were unable to examine the association 
between non-typhoidal salmonella invasive disease and 
comorbidities other than HIV and malaria due to scarce 
reporting of other comorbidities in eligible studies. We 
suggest that future studies describing non-typhoidal 
salmonella invasive disease-related complications provide 
detailed case definitions. It would also be helpful for the 
field if such definitions were standardised. Since most 
eligible studies were hospital-based, it is possible that our 
findings were biased towards more severe forms of non-
typhoidal salmonella invasive disease. However, we found 
that pooled CFR identified in non-hospital-based studies 
was not significantly different to that for hospital-based 
studies. We observed substantial heterogeneity in the 
meta-analysis, in which the overall global pooled CFR 
estimate had an I² of 92% and some estimates had 
wide 95% CIs. Although the Cochran’s Q test is often 
underpowered to detect heterogeneity, especially in meta-
analyses with less than five included studies or where one 
study comprises more than 90% of the data.124 Many of the 
meta-analyses in our review consisted of more than 
15 studies, and we assessed heterogeneity using several 
other measures. We attribute most of the heterogeneity to 
the varying time periods, study locations, and study 
populations. This degree of heterogeneity was largely 
expected before our analysis, as we placed no restrictions 
on time, location, or population in our search strategy to 
provide as comprehensive review as possible.

In conclusion, we showed that a considerable proportion 
of patients with non-typhoidal salmonella invasive disease 
have related complications and death. Prompt diagnosis 
and management, including consideration of non-typhoidal 
salmonella invasive disease in the empirical management 
of severe febrile illness and sepsis in endemic areas, is 
warranted to improve clinical outcomes. The findings of 
our systematic review are available to further refine burden 
of disease estimates for non-typhoidal salmonella invasive 
disease, the results of which inform investments in the 
development and deployment of vaccine and non-vaccine 
interventions to prevent non-typhoidal salmonella invasive 
disease. Standardisation of definitions and reporting of 
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complications would reduce the risk of bias of future 
reviews. Additional high-quality research relevant to non-
typhoidal salmonella invasive disease burden, including 
CFR, duration of illness and complications, disability 
weights, the effect of antimicrobial resistance on outcomes, 
and host risk factors, especially in regions with scarce data, 
are needed to better inform investments and decisions on 
vaccine development and deployment, as well as non-
vaccine interventions.
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