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Abstract
This study reviews non-typhoid Salmonella (NTS)-related hospitalisations at National level in Spain between 2010 and 2015.
NTS hospitalisations were obtained from the National Registry of Hospitalisations. A descriptive analysis of the hospitalisations
was performed, including hospitalisation rates (HR) and case-fatality rates (CFR%) calculation. For those with NTS as Main
Diagnosis logistic regression were used to estimate the relationship between the different factors and death outcome. 21,660
registered NTS-related hospitalisations were described (88.8% with Salmonella coded as Main Diagnosis). Average HR2010–2015

was 7.7 (range, 7.3 to 8.1) hospitalisations/100,000 population. Those with NTS infections as Secondary Diagnosis were on
average (p < 0.001) older (47.9 vs. 36.5 years), presented worse Charlson Comorbidity Index (2.1 vs. 1.2), higher CFR% (4.8%
vs. 0.7%), spent more days hospitalised (15.1 vs. 5.8 days), and generated more costs (6173 vs. 4272 euros/per hospitalisation)
than those with NTS as Main Diagnosis. For those with NTS as Main Diagnosis increased risk of death was related to being >
64 years old (OR = 20.99; p < 0.001); presenting septicaemia (OR = 15.82; p < 0.001) or localised infections (OR = 3.98; p =
0.061); Charlson Comorbidity Index > 3 (OR = 4.57; p < 0.001); a non-HIV co-infection (OR = 1.80; p = 0.013); other risk
factors (OR = 5.70; p < 0.001); bowel perforation (OR = 70.30; p < 0.001); or acute renal failure (OR = 1.95; p = 0.001). In those
with Salmonella as Main Diagnosis, among all complications, bowel perforation presented the strongest association with death
outcome. Clinical practice guidelines can help to identify patients at risk of bowel perforation to reduce the fatality of the disease.
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Introduction

Non-typhoid Salmonella (NTS) is widely spread through-
out the nature. It can survive in a wide range of hosts which
complicates the control of the disease and increase the risk
of acquiring the infection through food products. Main

serotypes associated with human cases of salmonellosis
are Salmonel la enter ica subsp. enter ica serovar
Typhimurium (S. Typhimurium) and Salmonella enterica
subsp. enterica serovar Enteritidis (S. Enteritidis) [1].
Similarly to the rest of Europe, in Spain, we observed a
decreasing trend for confirmed human salmonellosis for
both serotypes since 2008 till 2012 [2]. However, that de-
creasing EU trend ended during 2012–2016, and the pro-
portion of human S. Enteritidis cases increased by 2016 [3].

The reporting of food-borne outbreaks (FBO) of human
salmonellosis is mandatory in the European Union according
to the Zoonoses Directive 2003/99/EC. However, case-based
surveillance did not start till the year 2015 in Spain, in which
salmonellosis was officially included as a mandatory notifi-
able disease nationwide [4]. In the year 2015, 15 of the 19
Spanish regions notified cases to the National Centre for
Epidemiology, although some regions started to notify in
2014 (13 of the 19 regions) [2].
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Prior to 2014 and 2015, the only dataset providing infor-
mation about Salmonella human cases at the national level in
Spain was the National Registry of Hospitalisations. This
Registry collects hospital discharges information since 1987.
It covers more than 95% of the public/private hospitals and
99% of the discharges in Spain, and in some regions covers
100% in the last 10 years [5]. However, in spite of the avail-
ability of the National Registry of Hospitalisations, there are
no recent studies about Salmonella-related cases or
hospitalisations at the National level. Up to our knowledge,
the latest study developed by Gil Prieto et al. evaluated the
epidemiology of hospital-treated Salmonella infections in
Spain between 1997 and 2006 [6].

The aim of this study is to review the clinical data, evaluate
the hospital burden (including costs), and assess the risk fac-
tors related to a higher risk of death of hospitalised patients
suffering NTS infections between 2010 and 2015. This study
can help to establish a comparison point to evaluate future
changes in the burden of the disease. Hospitalisation registries
also can be a source of data, not only to evaluate the epidemi-
ology and the clinical outcomes of the most severe cases of
Salmonella infections, but to support the evaluation of the
quality and performance of the surveillance systems [7], and
data provided in this manuscript can be useful to support this
evaluation in the case-based surveillance start-up phase.

Methods

We carried out an observational retrospective study. The study
population consisted of patients discharged from the hospital
with non-Typhi non-Paratyphi Salmonella-related
hospitalisations in Spain from January 1 of 2010 to
December 31 of 2015.

Data source and collection

Hospitalisations associated with NTS infections were obtain-
ed from the National Registry of Hospitalisations of the
Ministry of Health, Consumption and Social Welfare. This
registry compiles a minimum basic data set (MBDS) using
the International Classification of Diseases, ninth revision
(ICD-9) till 2016. The MBDS includes information on sex,
age, date of birth, date of admission and date of discharge,
geographical location of cases/hospitals (autonomous com-
munity, province and municipal code), outcomes and
hospital-related costs. This registry collects up to 14 diagnoses
related to the hospitalisation (Main Diagnosis and 13
Secondary Diagnoses). We selected all hospitalisation dis-
charges with ICD-9 code 003.XX (Other Salmonella infec-
tions) in any diagnosis position (Main Diagnosis or
Secondary Diagnoses). That code includes any confirmed in-
fection or food-borne disease by Salmonella spp., except

Salmonella enterica serovar Typhi (S. Typhi) or Salmonella
enterica serovar Paratyphi (S. Paratyphi).

Hospitalisations cost calculation was done by the Ministry
of Health, Consumption and Social Welfare using a country-
basedmethodology. Parameters used to calculate costs include
clinical information and previous year’s costs obtained from
the National Network of Hospital Costs Database. The diag-
nostic cost group was based on the Diagnosis Related Groups-
All Patient Refined (GRD-APR) for the hospitalised patient
depending on discharge ICD classification, age, sex, and re-
sources consumption. The cost of each Salmonella
hospitalisation included in this study was provided by the
Ministry of Health, Consumption and Social Welfare with
the rest of variables included in the MBDS [5].

Statistical analysis

We calculated the absolute annual number of hospitalisations and
the hospitalisation rates (per 100,000 population) due to NTS
infections for all cases and by age-group. As a denominator for
rates calculation, we used population estimates obtained from the
National Institute of Statistics. Changes in the hospitalisation
rates were evaluated using a Poisson regression model and con-
sidering year as a continuous variable to evaluate a possible
continuous positive trend in the rates during the period.

Intra-hospital deaths and hospitalisation related case-
fatality rates (CFR%) were calculated for the whole cohort
and by diagnostic relevance (Salmonella diagnosis as Main
Diagnosis or Secondary Diagnoses), sex, age group and clin-
ical presentation.

To evaluate symptoms, comorbidities and risk factors
related to worse prognosis, we reviewed those reported in
previous literature [1, 8–13]. Diagnoses and their corre-
spondent ICD-9 codes identified in other manuscripts are
described in Table 1. Additionally, Charlson Comorbidity
Index (CCI) was calculated using the 14 diagnoses provid-
ed in the dataset to consider the health status of the patient
in terms of comorbidities [14]. For comparison of means,
we used the t-test or the Wilcoxon rank-sum text when
non-normal distribution of the data was observed.
Proportions were compared using the chi-square test with
Fisher’s correction, when necessary.

Univariable and multivariable logistic regression were
used to estimate the relationship between the different fac-
tors and death outcome, adjusted by age, sex, CCI, and
clinical form of the disease. The model included only
those hospitalisations with NTS infection as Main
Diagnosis and those with a unique clinical form to avoid
bias in the estimation of the association measures due to
cumulative or multiplier effect by the coexistence of more
than one clinical form.

Statistical significance was set at p < 0.05. All analyses
were performed using Stata version 12.
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Results

Demographics and clinical features

Between 2010 and 2015, 21,660 NTS-related hospitalisations
were registered at the National Registry of Hospitalisations.
Among them, 18,157 (83.8%) hospitalisations reported NTS
infection ICD-9 codes asMainDiagnosis and in 3503 (16.2%)
hospitalisations NTS ICD-9 codes appeared as Secondary
Diagnoses. Hospitalisations were more frequent in males vs.
females (55.4% vs. 44.6%; p < 0.001). For all hospitalisations,
the hospital CFR% was 1.4%. Gastroenteritis was the most
frequent presentation (89.7%; 19,438 hospitalisations),
followed by septicaemia (4.8%; 1032 hospitalisations). Most
of the infections cursed with only one clinical form (97.5%;
21,128 hospitalisations). Two or more clinical forms were
described in 532 (2.5%) hospitalised patients (Table 2).
More than one clinical forms were more frequent in those
patients > 64 years old compared to those ≤ 9 years (3.8%
vs. 0.9%; p < 0.001). Most of the patients with more than
one clinical form presented a combination of gastroenteritis
with septicaemia (70.3%; 374/532). Gastroenteritis was more
frequent among those ≤9 years old compared to those >

64 years old (95.5% vs. 85.5%; p < 0.001) in contrast to the
other clinical forms (5.4% vs. 18.2%; p < 0.001), especially
septicaemia (1.1% vs. 8.1%; p < 0.001). Overall, 1056 (4.9%)
patients required a re-admission.

For those with NTS infections as Secondary Diagnoses,
Main Diagnosis was very heterogeneous (799 different ICD-
9 codes reported). The most frequent were related to unspe-
cific diagnosis or symptoms/complications associated with
Salmonella infection itself. As some examples of Main
Diagnoses when NTS infection was a Secondary Diagnosis
for the patient: BAcute Renal Failure, non-specified (ICD-9:
584.9)^ appeared in 10.79% hospitalisation registries;
BUnspecified Bacteraemia (ICD-9: 790.7)^ in 3.8%;
BDehydratation (ICD-9: 276.51)^ in 3.4%; BUnspecified
Septicaemia (ICD-9: 038.9)^ in 3.1%; and BOther and unspec-
ified non-infectious gastroenteritis and colitis (ICD-9: 558.9)^
in 2.6% hospitalisation registries.

An intra-hospital microbiological confirmation was regis-
tered in 8759 (40.4%) hospitalisations. Microbiological tests
were more frequently requested during the hospital stay for
patients with Salmonella asMain Diagnosis than in those with
Salmonella infection coded as Secondary Diagnosis (41.4%
vs. 35.4%, p < 0.001).

Table 1 Symptoms, comorbidities/risk factors and complications related to worse prognosis and outcomes ICD-9 codes

Diagnosis ICD-9 codes

Symptoms Diarrhoea 787.91

Fever 780.60

Hypotension 458.8 and 458.9

Seizures 780.3X

Dehydration and hypovolaemia 276.51 and 276.52

Risk factors for infection or worse prognosis
(comorbidities and co-infections)

Inflammatory bowel diseases 555.X

Co-infections 001 to 139 (excluding 003 code) and 466.XX
codes reporting bronchiolitis

HIV 042 and 079.53

Immune disorders 279.XX

Prematurity 765.XX

Congenital heart diseases 745, 746 and 747

Congenital genitourinary diseases 754 and 753

Malignancies (except metastatic solid tumours) 140 to 239 (excluding 196.x to 199.1 codes)

Metastatic solid tumour 196.x to 199.1

Down syndrome 758.0

Kawasaki disease 446.1

Prader-Will syndrome 759.81

Complications derived from
Salmonella infection

Ulcerative colitis 556.X

Thrombosis 453.XX

Bowel perforation 569.83

Septic arthritis 711.XX

Gastrointestinal bleeding 578.1, 578.9

Acute renal failure 584.X, especially 584.9

Appendicitis 540.X
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By diagnosis relevance (Table 3), we observed differences
in age, CCI, hospital stay and costs in those with NTS infec-
tions as Main Diagnosis and those with NTS infections as
Secondary Diagnoses. Those with NTS infections as
Secondary Diagnosis were older, presented worse CCI, spent
more days hospitalised and generated more costs to the hos-
pital (p < 0.001).

On average, NTS-related cost per hospitalisation was 4579.5
euros per patient, 4272.0 euros for those with NTS infections as
Main Diagnosis of and 6172.9 euros for those with NTS infec-
tions as Secondary Diagnoses. On average, overall cost per year
due to hospitalisations related to NTS was 16,531,865 euros
(range 15,640,580 to 17,633,025 euros) and amounted
99,191,190 euros for the whole period (2010–2015).

Table 2 Hospitalised patients and case-fatality rates related to non-Typhi, non-Paratyphi Salmonella infection by demographics and clinical features

Variable Hospitalisations Intra-hospital deaths

N % N CFR%

Salmonella spp. diagnosis relevance
All hospitalisations 21,660 100.0 302 1.4
Salmonella spp. infection as main diagnosis 18,157 83.8 134 0.7
Salmonella spp. infection as secondary diagnoses 3503 16.2 168 4.8

Sex
Male 12,008 55.4 195 1.6
Female 9651 44.6 107 1.1
Unknown 1 0.0 0 0.0

Age distribution
0–4 4789 22.1 5 0.1
5–9 2516 11.6 0 0.0
10–14 1146 5.3 2 0.2
15–64 6743 31.1 84 1.2
65–84 5413 25.0 165 3.0
> 84 1053 4.9 46 4.4

CCI
≤ 3 20,920 96.6 232 1.1
> 3 740 3.4 70 9.5

Year
2010 3420 15.8 46 1.3
2011 3496 16.1 53 1.5
2012 3771 17.4 48 1.3
2013 3671 16.9 52 1.4
2014 3526 16.3 48 1.4
2015 3776 17.4 55 1.5

Hospital readmissions
Yes 1056 4.9 52 4.9

Discharge type
Discharge to home 20,956 96.7
Discharge to other hospital 196 0.9
Volunteer discharge 43 0.2
Intra-hospital death 302 1.4 302 100.0
Discharge to social-sanitary centre 121 0.6
Other or unknown 42 0.2

Clinical form*
Gastroenteritis 19,438 89.7 141 0.73
Septicaemia 1032 4.8 108 10.47
Localised infections 429 2.0 21 4.90

-Meningitis 13 0.06 1 7.69
-Pneumonia 25 0.12 4 16.00
-Arthritis 46 0.21 0 0.00
-Osteomyelitis 33 0.15 0 0.00
-Other, localised 317 1.5 16 5.05

Other specific Salmonella infections 348 1.6 19 5.46
Non-specific Salmonella infections 950 4.4 35 3.68

Co-existing clinical forms number
1 21,128 97.5 280 1.3
2 527 2.4 22 4.2
3 5 0.02 0 0.0

*Patients can present more than 1 clinical form during the same hospitalisation

Source: National Registry of Hospitalisations. Ministry of Health, Consumption, and Social Welfare
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Costs and hospital length of stay increased with age.
In those with NTS as Main Diagnosis costs increased
from 3969.6 euros in 0–4 age group to 4387.5 euros
in > 84 age group and length of stay increased from
4.7 to 8.3 days in the same age-groups. In those with
NTS as Secondary Diagnoses costs increased from
5282.1 in 0–4 age group to 5645.2 euros in > 84 age
group and length of stay increased from 9.8 to 17.2 days
in the same age-groups.

Hospitalisation rates, 2010–2015

For the whole period 2010–2015, overall hospitalisation
rate was 7.7 (range 7.3 to 8.1) hospitalisations per
100,000 population (Fig. 1a). Considering age groups
(Fig. 1b), those between 0 and 4 years were the most
affected by salmonellosis with an average hospitalisation
rate (AHR) for the period of 33.5 (range 29.9 to 36.8).
NTS infection impact was still high in those between 5
and 9 years (AHR 17.3; range 15.8 to 18.1); those be-
tween 65 and 84 years (AHR 12.7; range 11.2 to 14.1)
and those with more than 84 years (AHR 14.8; range
11.9 to 16.6). Those between 10 and 14 years (AHR
8.5; range 6.9 to 11.7) and those between 15 and 64 years
(AHR 3.6; range: 3.4 to 4) presented lower hospitalisation
rates. Except for those between 5 and 9 years old (p =
0.335), the rest of the age groups presented an increasing trend
(p < 0.05) during the period.

Intra-hospital CFR% and factors for worse prognosis

In contrast with the high rates of the disease in those
between 0 and 4 years, CFR% was low (0.1%) with only
five reported deaths: three of them presented co-infections
(one methicillin-resistant Staphylococcus aureus infection;

one bronchiolitis by respiratory syncytial virus and one rota-
virus infection), one of them presented Bnon-specified
Septicaemia^ (code 038.9) and the other one Down syndrome.

Table 3 Age, CCI, hospital stay and costs for all the Salmonella associated hospitalisations by diagnosis relevance

Variable Diagnosis relevance N Mean SD Range Median IQ Range p value*

Age All 21,660 38.4 31.3 0 to 101 38 5 to 68

Main diagnosis 18,157 36.5 31.3 0 to 101 32 5 to 67 < 0.001
Secondary diagnoses 3503 47.9 29.8 0 to 99 57 16 to 74

CCI All 21,660 0.6 1.4 0 to 14 0 0 to 0

Main diagnosis 18,157 0.4 1.2 0 to 12 0 0 to 0 < 0.001
Secondary diagnoses 3503 1.2 2.1 0 to 14 0 0 to 2

Hospital stay (days) All 21,660 7.1 8.4 0 to 279 5 4 to 8

Main diagnosis 18,157 6.0 5.8 0 to 279 5 3 to 7 < 0.001
Secondary diagnoses 3503 12.8 15.1 0 to 237 8 5 to 14

Costs All 21,660 4579.5 4105.8 0 to 113,331.6 4009.7 3813.84 to 4347.02

Main diagnosis 18,157 4272.0 2733.9 2244.2 to 113,331.6 4009.7 3905.37 to 4122.27 < 0.001
Secondary diagnoses 3503 6172.9 7904.5 0 to 113,331.6 4401.7 3467.86 to 6274.48

*Statistical note: p values retrieved using Wilcoxon rank-sum test (for median) or t test (for means assuming a normal distribution) were identical

Source: National Registry of Hospitalisations. Ministry of Health, Consumption, and Social Welfare

Source: National Registry of Hospitalisations. Ministry of Health, Consumption, and 
Social Welfare.
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CFR% increased with age reaching 3.0% in those between
65 and 84 years of age (2.35% for the 65 to 74 years age group
and 3.69% in the 75 to 84 years age group) and 4.4% in those
> 84 years old. CRF% also increased when CCI was > 3 com-
pared to those with CCI ≤ 3 (9.5% vs. 1.1%; p < 0.001) and in
those with NTS codes as a Secondary Diagnoses compared to
those in which NTS infection was the Main Diagnosis (4.8%
vs. 0.7%; p < 0.001).

Table 4 shows the frequency in the hospitalised patients of
symptoms, comorbidities/risk factors related to worse progno-
sis and complications. We observed a low proportion of pa-
tients with symptoms information about diarrhoea, fever and
hypotension: 0.53 to 1.19 of the hospitalised patients with
those symptoms in their MBDS clinical records. Seizures
were reported in 193 (0.89%) of hospitalised patients and
dehydration and hypovolaemia in 3401 (15.70%)
hospitalised patients.

The most frequent risk factor for worse prognosis was the
presence of co-infections during the hospitalisations. CFR%
for those with co-infections (without HIV) was 4.07% and in
the case of HIV co-infection, it increased to 6.28% (p =
0.178) . Most HIV co- infect ions were re lated to
hospitalisations with NTS as Secondary Diagnoses (3.2% in
those with NTS as Secondary Diagnoses vs. 0.43% in those
with NTS as Main Diagnosis; p < 0.001). The presence of
other risk factors with higher CFR% was Down syndrome
(CFR%= 6.90%); immune disorders (CFR% = 5.00%), pre-
maturity (CFR% = 5.56%) and metastatic solid tumours
(CFR% = 10.88%). Patients with salmonellosis and inflam-
matory bowel diseases (IBD) presented a CFR% of 0.52%
(Table 4).

Regarding the complications (Table 4), acute renal failure
was the most frequent complication (present in 4144
hospitalised patients; 19.13%). This complication was more

Table 4 Frequency and intra-
hospital deaths by symptoms,
comorbidities/risk factors related
to worse prognosis and
complications

Diagnostic group Diagnosis Hospitalisations Intra-hospital deaths

N % N CFR%

Symptoms

Diarrhoea 219 1.01 3 1.37

Fever 258 1.19 3 1.16

Hypotension 115 0.53 6 5.22

Seizures 193 0.89 3 1.55

Dehydration and hypovolaemia 3401 15.70 27 0.79

Risk factors for infection or worse prognosis (comorbidities and co-infections)

Inflammatory bowel diseases 194 0.9 1 0.52

Co-infections 2868 13.24 121 4.22

-Non-HIV patients with co-infections 2677 12.36 109 4.07

-HIV 191 0.88 12 6.28

Immune disorders 140 0.65 7 5.00

Prematurity 18 0.08 1 5.56

Congenital heart diseases 0 0.00 – –

Congenital genitourinary diseases 0 0.00 – –

Malignancies (except metastatic solid tumours) 1280 5.91 50 3.91

Metastatic solid tumour 331 1.53 36 10.88

Down syndrome 29 0.13 2 6.90

Kawasaki disease 1 0.00 0 0.00

Prader-Will syndrome 0 0.00 – –

Complications derived from Salmonella infection

Ulcerative colitis 181 0.84 1 0.55

Thrombosis 76 0.35 3 3.95

Bowel perforation 18 0.08 6 33.33

Septic arthritis 41 0.19 3 7.32

Acute renal failure 4144 19.13 149 3.60

Appendicitis 72 0.33 0 0.00

Gastrointestinal bleeding 85 0.39 7 8.24

Source: National Registry of Hospitalisations. Ministry of Health, Consumption, and Social Welfare
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frequent in those over 64 years old than in those < 10 years old
(38.9% vs. 0.57%; p < 0.001). Patients with bowel perfora-
tion, gastrointestinal bleeding and septic arthritis presented
higher CFRs% (CFRs% 33.33%, 8.24% and 7.32%, respec-
tively) than those with acute renal failure (CFR% 3.60%) as a
complication.

Table 5 shows the univariable and multivariable analysis of
the association (OR) between the death outcome in hospitalised
patients with NTS infection and the different factors evaluated
in this study. The association measure presenting only the re-
sults for those with NTS infection as Main Diagnosis shows
that, once adjusted by age and clinical form, sex is not a risk

factor for death. Increased death risk was related to being older,
especially > 64 years old (OR = 20.98; p < 0.001), presenting
septicaemia (OR = 15.82; p < 0.001) or localised infections
(OR = 3.98; p = 0.061), CCI > 3 (OR = 4.57; p < 0.001), a
non-HIV co-infection (OR = 1.80; p = 0.013), other risk factors
for infection or worse prognosis (OR = 5.70; p < 0.001), bowel
perforation (OR = 70.30; p < 0.001) or acute renal failure (OR =
1.95; p = 0.001).

HIV (including AIDS) infections were excluded from the
model because HIV presence implies CCI > 3 (HIV sums 6
points to CCI calculation). Malignancies sum 6 points to CCI
when they are metastatic solid tumours and 2 points for the

Table 5 Univariable and multivariable logistic regression model for death outcome in hospitalised patients with Salmonella infections

Variable Univariable Multivariable

OR 95% CI OR 95% CI

Sex (ref. male) .57 .40 to .82 .76 .50 to 1.14

Age group

0–9 Ref. – Ref. –

10–64 16.69 4.00 to 69.56 6.42 1.50 to 27.54

More than 64 65.00 16.02 to 263.68 20.99 5.03 to 87.58

Clinical form*

Gastroenteritis Ref. – Ref. –

Septicaemia 33.84 22.98 to 49.83 15.82 10.46 to 23.93

Localised infections 5.05 1.22 to 20.90 3.98 .94 to 16.92

Other specific Salmonella infections 2.72 .37 to 19.81 2.06 .28 to 15.28

Non-specific Salmonella infections 2.73 .99 to 7.56 2.06 .72 to 5.86

CCI > 3 (Ref. CCI ≤ 3) 10.74 6.87 to 16.78 4.57 2.70 to 7.56

Diarrhoea ** –

Fever .73 .10 to 5.27 –

Hypotension 5.20 1.62 to 16.69 $

Convulsions ** –

Dehydration and hypovolaemia .58 .34 to 1.02 $

Non-HIV co-infections 3.47 2.32 to 5.18 1.80 1.13 to 2.87

HIV co-infections 5.48 1.71 to 17.60 $

Malignancies (except metastatic solid tumours) 3.25 2.38 to 4.42 $

Metastatic solid tumour 9.66 6.70 to 13.94 $

Other risk factors for infection or worse prognosis
(excluding co-infections and malignancies)

4.71 3.68 to 6.05 5.70 2.19 to 14.83

Ulcerative colitis 1.09 .15 to 7.82 –

Bowel perforation 82.53 19.52 to 348.89 70.30 12.04 to 410.53

Thrombosis 7.17 1.71 to 30.03 $

Septic arthritis ** –

Gastrointestinal bleeding 2.55 .35 to 18.57 –

Acute renal failure 5.89 4.18 to 8.30 1.95 1.31 to 2.90

Appendicitis ** –

*OR by clinical form was only calculated for those patients with a unique clinical form to avoid bias in the estimations

**No deaths
$ Excluded from the model. No statistical significant association measures with death outcomes when adjusted by other risk factors

Source: National Registry of Hospitalisations. Ministry of Health, Consumption, and Social Welfare
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rest of malignancies. This factor also lost their association
when adjusted by CCI as it is explained by it. Patients with
malignancies and CCI ≤ 3 had a CFR% of 3.14% and those
with malignancies and CCI > 3 had a CFR% of 10.78%
(p < 0.001).

Discussion

In Spain, there are no recent detailed population studies about
Salmonella cases or hospitalisations at the national level.
Salmonella National Surveillance System results have been
published in two reports with the only 2 years data available
(2014 and 2015) [2, 15], but no patients clinical information
was provided in those reports. Last national study using the
National Hospitalisation Registry covered the period from
1997 to 2006 and evaluated mainly salmonellosis
hospitalisation trends, costs and hospital stays not focusing
also in other clinical aspects of the disease [6].

At the regional level, there is a study from Cores-Calvo
et al. that evaluated Salmonella infection trends between
2005 and 2014 in the Spanish area of Salamanca [16].
Results from all cases in the area (primary care and
hospitalised cases) showed that 23.6% of all cases required
hospitalisation. Similarly to Cores-Calvo et al. [16] and the
National Surveillance System reports [2, 15], it was observed
an increasing trend in the hospitalisations rates (from 7.3 to
8.1) during the same period that affected to most of the age
groups (except 5–9 years old age-group).

However, comparing results presented in this study with
the previous study using the National Hospitalisation
Registry [6], the AHR decreased from 16.18 between 1997
and 2006 to 7.7 hospitalisations per 100,000 population be-
tween 2010 and 2015 (more than 50% of reduction). Though,
case-fatality rates did not experience similar reduction (1.4%
in both studies). High efforts have been implemented since
2008 through the Spanish National Control Programme for
reduction of the prevalence of Salmonella infection in poultry.
It could be considered a relevant determinant for the AHR
decrease between the two periods (1997–2006 and 2010–
2015). However, a positive trend was observed in our data
and that indicates that further efforts are needed to control
the disease.

Regarding the symptoms, it was observed that the National
Hospitalisation Registry does not seem to collect properly
mild symptoms for this disease. It would have been expect-
ed a higher proportion than the observed in this study, for
example, of diarrhoea, fever or hypotension when almost
90% of patients develop gastroenteritis clinical form in our
population sample.

A low percentage of patients (2.5%) presented more than
one clinical form during the hospitalisation and 12.61% of the
patients developed non-gastrointestinal forms (4.8% of them

septicaemia and 2% localised infections). Other studies report-
ed similar percentages [1, 17, 18].

Regarding risk factors for worse prognosis and complica-
tions, co-infections and acute renal failure were the most fre-
quent. We found similar percentages of co-infections reported
by Huang et al. [8], but we observed a lower presence of HIV
co-infection in our population than in the prior study using the
same dataset. Gil Prieto et al. reported 11.6% of HIV cases in
those with Salmonella as Secondary Diagnoses between 1997
and 2006 [6] while between 2010 and 2015 only 3.2% of HIV
cases were observed in the same sub-group.

Similar to other studies, acute renal failure was especially
frequent in our sample, especially in those over 64 years old,
while children presented it as a rare event [11–13].

A previous study using the same dataset and evaluating the
hospitalisations related to meningococcal disease developed
by Ordóñez-León GY et al. [19] reported unspecific disease
codes when the infectious disease should be the main cause of
hospitalisation. For example, that study reported 7.4% of the
hospitalisations in which meningococcal disease was coded as
a Secondary Diagnosis. However, in some cases, Main
Diagnosis was bacteraemia, hypovolemic shock, unspecified
bacterial agent and unspecific septicaemia, among others.

In addition to this misclassification, in the case of
Salmonella hospitalisations, it was expected a higher propor-
tion of cases of NTS coded as Secondary Diagnoses. The
reason was that in contrast to meningococcal disease,
Salmonella can present asymptomatic infections and patients
can be carriers of the disease [20]. Therefore, patients with
Salmonella as Secondary Diagnosis were expected to be a
heterogeneous population. This was reflected indeed in the
results; there were more hospitalisations with Salmonella as
Secondary Diagnoses (16.2%) than for meningococcal dis-
ease (7.4%) [19]. Also, the patients in this group were older
and with worse CCI than those with NTS as Main Diagnosis.
This suggests that Secondary Diagnoses can be related to oth-
er diseases hospitalisations with Salmonella as a complication
detected during the hospitalisation. Obviously, this means that
both groups (Main Diagnosis vs. Secondary Diagnoses) have
to be evaluated separately. When Salmonella is the Main
Diagnosis, the disease is 6 days limited on average and pre-
sents low fatality rates (0.7%). On the other hand, when
Salmonella is a Secondary Diagnosis, the disease presents
worse outcomes (12.8 days of stay on average; CRF% =
4.8%) most probably derived from the diseases causing
hospitalisation and/or asymptomatic/late progression forms.

Regarding death outcomes, we evaluated risk factors for
death outcome in those with NTS as Main Diagnosis to avoid
other diseases influence in the outcomes. Death events have
been related previously to bacteraemia, bowel perforation of
toxic megacolon and other comorbidities [10, 21]. However,
the risk of death estimation was not provided in those studies.
Risk of death was 70.3 times higher in those that presented a
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bowel perforation event compared to those who not, adjusted
by the other covariables. Chao et al. evaluated which factors
can lead to a bowel perforation in children [22], being possible
to identify which patients were at risk of perforation. It was
proposed that early effective fluid resuscitation and rectal tube
insertion may be helpful to prevent the occurrence of intestinal
perforation. Further research to identify patients at risk of per-
foration can help to reduce bowel perforation events. Clinical
practice guidelines can implement clinical management rec-
ommendations for those patients with salmonellosis at risk of
perforation. This may help to reduce the death event in pa-
tients with NTS infections.

Risk of death was also high for those > 64 years compared
to those < 10 years; for those without gastroenteritis and es-
pecially with septicaemia; and those with CCI > 3, thrombosis
or acute renal failure or co-infections other than HIV.

The relationship between IBD and Salmonella infection is
still unknown. Some authors suggest that IBD is a risk factor for
salmonellosis. Other authors, in contrast, suggest that
Salmonella infections are a risk factor for IBD or its progression
[23–26]. In any case, we observed that hospitalised patients
with IBD and co-existent salmonellosis presented low CFR%
and the combination of both diseases seem not to be associated
with a high risk of intra-hospital progression to death.

Our study has some limitations. The main limitation of the
National Registry for Hospitalisation is that it does not collect
information about microbiological determinations results in
its minimum basic data set (MBDS) and we could not evaluate
differences in the clinical pattern by the pathogen. As a more
positive note, National Hospitalisation Registry coverage is
almost 100% and Salmonella coding is provided only when
the pathogen is identified. So we were able to describe almost
all confirmed hospitalisations in Spain. Using this registry, we
are limited to those cases requiring hospitalisation, that differs
with primary care cases population, especially because
hospitalisations are more frequent in older patients with more
comorbidities. However, to avoid bias in estimation of the risk
of death, we adjusted by CCI which is intimately related to
progression. Other limitation is that this Registry is not ade-
quate to evaluate mild symptoms associated with Salmonella
infection like fever or diarrhoea. Additionally, we observed
the need to review the use of Main Diagnosis to avoid unspe-
cific codes on it. This would help to stratify correctly between
Main and Secondary Diagnoses of Salmonella infections. We
did not evaluate the effect of the different risk factors in those
hospitalisations with NTS as Secondary Diagnoses in this
work. We consider that this group is a very heterogeneous
group and requires an especial attention, as it is also the group
which presents higher mortality, costs and hospital stays.
Grouping by co-existing diseases in a future study would pro-
vide further relevant information to understand which factors
are related to worse prognosis in patients with Salmonella as
Secondary Diagnoses and how to reduce the impact of the

disease for patients and health services. Finally, we did not
evaluate in our logistic regression each of the comorbidities
separately, but further studies can be developed in any of the
relevant sub-groups.

Conclusions

NTS hospitalisations showed a slight increase in the rates
during the period 2010 to 2015. However, hospitalisation rates
were reduced in more than 50% compared to previous studies
using the same source with data on 1997–2006 period. NTS
infection is, in general, a self-limiting infectious disease with
an average of 6 days of hospitalisation in those cases requiring
hospitalisation. Though, the infection can be complicated by
several factors as age, worse CCI, extra-intestinal clinical
forms, co-infections and other comorbidities. Intra-hospital
case-fatality rates increased notably when salmonellosis was
a secondary disease for patients. In those with Salmonella as
Main Diagnosis, among all complications, bowel perforation
presented the strongest association with death outcome,
followed by other factors as age > 64 years old and
septicaemia clinical presentation. Clinical practice guidelines
can help to identify patients at risk of bowel perforation to
reduce the fatality of the disease. On average, the cost per
hospitalisation related to NTS was higher for those with
NTS infections as Secondary Diagnosis than for those with
NTS infections as Primary Diagnosis and also increased with
age. On average, the overall cost per year due to
hospitalisations related to NTS was 16,531,865 euros.

Acknowledgements This article is a complementary study to support the
research program JRP06-FBZ-1-NOVA and S2013/ABI-2747.

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

References

1. Eng S-K, Pusparajah P, Ab Mutalib N-S, Ser H-L, Chan K-G, Lee
L-H (2015) Salmonella: a review on pathogenesis, epidemiology
and antibiotic resistance. Front Life Sci 8:284–293

2. Spanish National Center for Epidemiology. Carlos III Health
Institute (2017) Resultados de la Vigilancia Epidemiológica de las
enfermedades transmisibles. 2015 [Results of the Epidemiological
Surveillance of infectious diseases. 2015]. http://gesdoc.isciii.es/
gesdoccontroller?action=download&id=12/12/2017-05863fc4dd.
Accessed 9 Oct 2018

3. European Food Safety Authority, European Centre for Disease
Prevention and Control (2017) The European Union summary re-
port on trends and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2016. EFSA J. http://doi.wiley.com/10.2903/j.
efsa.2017.5077. Accessed 9 Oct 2018

Eur J Clin Microbiol Infect Dis (2019) 38:337–346 345

http://gesdoc.isciii.es/gesdoccontroller?action=download&id=12/12/2017-05863fc4dd
http://gesdoc.isciii.es/gesdoccontroller?action=download&id=12/12/2017-05863fc4dd
http://doi.wiley.com/10.2903/j.efsa.2017.5077
http://doi.wiley.com/10.2903/j.efsa.2017.5077


4. Interterritorial Spanish Council for the Spanish National Health
System (2015) Orden SSI/445/2015, de 9 de marzo, por la que se
modifican los anexos I, II y III del Real Decreto 2210/1995, de 28
de diciembre, por el que se crea la Red Nacional de Vigilancia
Epidemiológica, relativos a la lista de enfermedades de
declaración obligatoria, modalidades de declaración y
enfermedades endémicas de ámbito regional. [Order SSI/445/
2015, of March 9, which modified the annexes I, II and III of
Royal Decree 2210/1995, of December 28, which created the
National Network of Epidemiological Surveillance, relating to the
list of diseases of mandatory notification, modalities of declaration
and endemic diseases of regional scope]. Spanish Official Bulletin
(BOE) http://www.boe.es/boe/dias/2015/03/17/pdfs/BOE-A-2015-
2837.pdf. Accessed 9 Oct 2018

5. Ministry of Health, Social Services and Equity. Registro de
Actividad de Atención Especializada. RAE-CMBD [Hospital
Discharge Records in the National Health System. CMBD].
http://www.mscbs.gob.es/en/estadEstudios/estadisticas/
cmbdhome.htm Accessed 9 Oct 2018

6. Gil Prieto R, Alejandre CG, Meca AÁ, Barrera VH, de Miguel ÁG
(2009) Epidemiology of hospital-treated Salmonella infection; data
from a national cohort over a ten-year period. J Inf Secur 58:175–181

7. Mor SM, DeMaria A Jr, Naumova EN (2014) Hospitalization re-
cords as a tool for evaluating performance of food- and water-borne
disease surveillance systems: a Massachusetts case study. PLoS
One 9:e93744

8. Huang I-F, Kao C-H, Lee W-Y, Chang M-F, Chen Y-S, Wu K-S
et al (2012) Clinical Manifestations of nontyphoid salmonellosis in
children younger than 2 years old—experiences of a tertiary hospi-
tal in Southern Taiwan. Pediatr Neonatol 53:193–198

9. Li C-W, Chen P-L, Lee N-Y, Lee H-C, Chang C-M, Lee C-C et al
(2012) Non-typhoidal Salmonella bacteremia among adults: an ad-
verse prognosis in patients with malignancy. J Microbiol Immunol
Infect 45:343–349

10. Chiu CH, Su LH, He CC, Jaing TH, Luo CC, Lin TY (2002)
Perforation of toxic megacolon in non-typhoid Salmonella entero-
colitis spares young infants and is immune-mediated. Pediatr Surg
Int 18:410–412

11. Shibusawa N, Arai T, Hashimoto K, Hashimoto Y, Yahagi K,
Matsumoto J et al (1997) Fatality due to severe salmonella enteritis
associated with acute renal failure and septicemia. Intern Med 36:
750–753

12. Dhooria G, Bains H, Bhat D (2013) Proliferative glomerulonephri-
tis causing acute renal failure in a child with Salmonella septicemia.
Indian J Nephrol 23:240

13. Janssen van Doorn K, Pierard D, Spapen H (2006) Acute renal
dysfunction in salmonella gastroenteritis. J Clin Gastroenterol 40:
910–912

14. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40:373–383

15. Spanish National Center for Epidemiology. Carlos III Health
Institute (2016) Resultados de la Vigilancia Epidemiológica de las
enfermedades transmisibles. 2014 [Results of the Epidemiological
Surveillance of infectious diseases. 2014] http://gesdoc.isciii.es/
gesdoccontroller?action=download&id=14/10/2016-3a996e69f2.
Accessed 9 Oct 2018

16. Cores-Calvo O, Valero-Juan LF, García-Sánchez E, García-
Sánchez JE, García-GarcíaMI (2016) Changes in the epidemiology
of gastroenteritis caused by Salmonella during 2005-2014 in
Salamanca, Spain. Rev Esp Quimioter 29:91–98

17. Mandal BK, Brennand J (1988) Bacteraemia in salmonellosis: a 15
year retrospective study from a regional infectious diseases unit.
BMJ 297:1242–1243

18. Rodríguez M, de Diego I, Mendoza MC (1998) Extraintestinal
salmonellosis in a general hospital (1991 to 1996): relationships
between Salmonella genomic groups and clinical presentations. J
Clin Microbiol 36:3291–3296

19. Ordóñez-León GY, Martínez EV, Herruzo R, Garrido-Estepa M
(2016) Updating information about the burden of meningococcal
disease hospitalisations in Spain. Vaccines Res Vaccin 2:1–7

20. Cruickshank JG, Humphrey TJ (1987) The carrier food-handler and
non-typhoid salmonellosis. Epidemiol Infect 98:223–230

21. Shimoni Z, Pitlik S, Leibovici L, Samra Z, Konigsberger H,
Drucker M et al (1999) Nontyphoid Salmonella bacteremia: age-
related differences in clinical presentation, bacteriology, and out-
come. Clin Infect Dis 28:822–827

22. Chao HC, Chiu CH, KongMS, Chang LY, Huang YC, Lin TYet al
(2000) Factors associated with intestinal perforation in children’s
non-typhi Salmonella toxic megacolon. Pediatr Infect Dis J 19:
1158–1162

23. Sartor RB (2008) Microbial influences in inflammatory bowel dis-
eases. Gastroenterology 134:577–594

24. Schultz BM, Paduro CA, Salazar GA, Salazar-Echegarai FJ,
Sebastián VP, Riedel CA et al (2017) A potential role of salmonella
infection in the onset of inflammatory bowel diseases. Front
Immunol 8:191

25. Qiu H, Sun X, Sun M, He C, Li Z, Liu Z (2014) Serum bacterial
toxins are related to the progression of inflammatory bowel disease.
Scand J Gastroenterol 49:826–833

26. Jess T, Simonsen J, Nielsen NM, Jorgensen KT, Bager P, Ethelberg
S et al (2011) Enteric Salmonella or Campylobacter infections and
the risk of inflammatory bowel disease. Gut 60:318–324

346 Eur J Clin Microbiol Infect Dis (2019) 38:337–346

http://www.boe.es/boe/dias/2015/03/17/pdfs/BOE-A-2015-2837.pdf
http://www.boe.es/boe/dias/2015/03/17/pdfs/BOE-A-2015-2837.pdf
http://www.mscbs.gob.es/en/estadEstudios/estadisticas/cmbdhome.htm
http://www.mscbs.gob.es/en/estadEstudios/estadisticas/cmbdhome.htm
http://gesdoc.isciii.es/gesdoccontroller?action=download&id=14/10/2016-3a996e69f2
http://gesdoc.isciii.es/gesdoccontroller?action=download&id=14/10/2016-3a996e69f2

	Non-Typhi,...
	Abstract
	Introduction
	Methods
	Data source and collection
	Statistical analysis

	Results
	Demographics and clinical features
	Hospitalisation rates, 2010–2015
	Intra-hospital CFR% and factors for worse prognosis


	Discussion
	Conclusions
	References


