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Non-typhoidal salmonellosis is the second most reported zoonosis in the European Union 18 

(EU) and European Economic Area (EEA). Approximately 91,000 human salmonellosis cases 19 

are reported annually in the EU/EEA despite long-standing harmonized Salmonella-control 20 

programmes in livestock. Moreover, in recent years, the incidence of human salmonellosis 21 

has stopped declining in the EU/EEA.1 In the Netherlands, Salmonella enterica serotypes 22 

Enteritidis (SE) and Typhimurium (ST), including its monophasic variant (STM), are the most 23 

common ones among human cases, with ST/STM showing higher antimicrobial resistance 24 

(AMR) levels than SE.2 25 

International travel increases non-typhoidal Salmonella (NTS) infection risk among European 26 

travellers, especially when returning from relatively less industrialized countries with 27 

generally higher AMR levels.3,4 Some high-income countries reported increased AMR in 28 

travel-related NTS infections.5-7 However, the focus is often limited to one particular 29 

antimicrobial and NTS serotype. A broad overview of resistance levels to multiple 30 

antimicrobials provides insights for treating patients with travel-related NTS infection. Here, 31 

we assessed the prevalence of resistance to ten antimicrobials and their trends in SE and 32 

ST/STM isolates from international travellers returning to the Netherlands over a twelve-year 33 

(pre-COVID19) period. Furthermore, we assessed associations between AMR and travel 34 

destination (within or outside the EU/EEA).  35 

Culture-confirmed SE and ST/STM records with corresponding patient metadata from 2008 36 

to 2019 were obtained from the Dutch national laboratory surveillance for Salmonella. 37 

Serotyping was performed using pre-screening with Luminex technique (Xmap Salmonella 38 

Serotyping Assay), followed by confirmation with classical agglutination according to the 39 

White-Kauffmann-Le Minor scheme. Further details about the surveillance were presented 40 

elsewhere.8 Patient metadata included sex (female/male), age (years), sampling date, and 41 

international travel history (unknown, within or outside the EU/EEA). The ‘unknown’ travel 42 
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history group included cases with infection acquired domestically (in the Netherlands) plus 43 

those with missing travel history. Thus, we could not differentiate between travel-related and 44 

domestic cases when travel history was unavailable. Season was defined as winter 45 

(December-February), spring (March-May), summer (June-August), or autumn (September-46 

November) in the Netherlands. 47 

AMR testing was performed as described previously.9 Briefly, broth microdilution was used 48 

to determine the minimum inhibitory concentration (MIC). The MICs were interpreted as 49 

resistant/susceptible according to the European Committee on Antimicrobial Susceptibility 50 

Testing (EUCAST) epidemiological cut-offs (ECOFFs). Only those antimicrobials tested 51 

consistently over the study period were included: ampicillin, chloramphenicol, ciprofloxacin, 52 

nalidixic acid, cefotaxime, ceftazidime, gentamicin, tetracycline, trimethoprim, and 53 

sulfamethoxazole. The overall annual resistance proportion per serotype was calculated as the 54 

total number of isolates resistant to at least one tested antimicrobial divided by the total 55 

number of isolates with that serotype tested for AMR. 56 

Inter-annual trends in AMR among travellers and associations between AMR and travel 57 

history were tested using logistic regression with resistance proportion as a response variable. 58 

For the trend analysis, the sampling year was used as an explanatory variable and the annual 59 

number of reported isolates as offset to account for temporal changes in the number of 60 

isolates tested for AMR per serotype (the number of reported isolates did not decrease over 61 

the study period). Associations between AMR and travel history were first examined using 62 

univariable models. Significant associations (P<0.05) were then selected for multivariable 63 

regression with adjustment for year, season, age, and sex. Relevance of adjustment was 64 

assessed by building multivariable models in a backward stepwise fashion where covariates 65 

with P>0.20 were excluded.10 Only antimicrobials with more than five travel-related resistant 66 

isolates were assessed. Analyses were performed by antimicrobial and serotype. A Bonferroni 67 
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correction for multiple testing was applied. Unless stated otherwise (i.e., Bonferroni 68 

correction), a 5% significance level was used. 69 

In total, 4,069 SE and 5,336 ST/STM isolates were included, 18% and 6% of which were 70 

travel-related, respectively (SE: 5% within and 13% outside EU/EEA; ST/STM: 2% within 71 

and 4% outside EU/EEA). Figure 1(A-B) shows the annual AMR trends among travel-related 72 

SE and ST/STM infections, overall and per antimicrobial. In general, AMR levels were higher 73 

among travellers with ST/STM than SE infection. Furthermore, AMR in travellers with SE 74 

infection increased by 13%, on average, every year (OR: 1.13; 95% CI: 1.08-1.18). This 75 

increase was driven by resistance to (fluoro)quinolones (ciprofloxacin and nalidixic acid), 76 

ampicillin, and tetracycline. As for ST/STM, AMR increased by 3%, on average, every year, 77 

but this was not significant (OR: 1.03; 95% CI: 0.95-1.12). This increase was driven by 78 

ciprofloxacin (OR: 1.16; 95% CI: 1.05-1.28) (Supplementary Material: Table 1). 79 

Figure 1. Annual trends of antimicrobial resistance (AMR) in Salmonella Enteritidis (SE), 80 

Salmonella Typhimurium (ST) and S. monophasic Typhimurium (STM) infections among 81 
international travellers returning to the Netherlands, overall resistanceǂ and per antimicrobial 82 
(A, B). Associations between antimicrobial resistance in SE and ST/STM infections and 83 

international travel history in the Netherlands per antimicrobial (C, D). 84 

 85 

Travelling outside the EU/EEA was significantly associated with resistance to ampicillin, 86 

(fluoro)quinolones, and tetracyclines in both SE and ST/STM, and with cefotaxime, 87 

gentamicin, and sulfamethoxazole resistance in ST/STM only (Figure 1, C-D). For SE, 88 

resistance to ampicillin, (fluoro)quinolones, and tetracyclines was significantly higher among 89 

travellers returning from outside the EU/EEA compared to those with unknown travel history, 90 

which were assumed to be mostly domestic cases. However, these associations were not 91 

statistically significant among those travelling within the EU/EEA. Similarly, among ST/STM 92 

infections, resistance to (fluoro)quinolones, cefotaxime, and gentamicin was significantly 93 

higher among those travelling outside the EU/EEA. Contrary to SE, resistance to ampicillin, 94 

tetracyclines, and sulfamethoxazole in ST/STM infections was significantly lower among 95 
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travellers returning from outside the EU/EEA compared to those with unknown travel history. 96 

These associations were not significant for those travelling within the EU/EEA 97 

(Supplementary Material: Table 3). A major limitation of these analyses is the potential of 98 

misclassification bias in travel history, as the ‘unknown’ group may also contain some 99 

patients that did travel prior to symptoms onset. Moreover, whether such misclassification 100 

was constant over the study period is unknown. This might result in an underestimation of the 101 

associations towards the null. 102 

In conclusion, we observed increased AMR levels among SE infections in international 103 

travellers returning to the Netherlands, particularly for ampicillin, (fluoro)quinolones, and 104 

tetracycline. Our results also suggest that AMR among SE infections is significantly more 105 

likely to occur abroad, specifically outside the EU/EEA, whereas AMR levels among 106 

ST/STM infections have relatively less pronounced differences associated with travel history. 107 

This is largely consistent with previous reports in high-income countries 5,7 and stresses the 108 

importance of considering travel history when patients with NTS infection require empiric 109 

antimicrobial treatment. 110 

Data availability 111 

Further data can be obtained upon formal request and under strict supervision by the National 112 

Institute for Public Health and the Environment (RIVM) in the Netherlands. 113 
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Legend:  160 
ǂOverall annual resistance proportion: calculated as the total number of isolates resistant to at 161 
least one tested antimicrobial divided by the total number of isolates tested for AMR per year. 162 

Fig. 1 (C, D): Adjusted for year, season, age, and sex. 163 
Fig 1 (C): Not possible to assess the association between tetracycline resistance in travel 164 
history (within EU/EEA) as well as cefotaxime, gentamicin, and sulfamethoxazole resistance 165 
in travel history (within and outside EU/EEA) due to less than 5 counts (see supplementary 166 
Material: Table 2). 167 

Fig 1 (D): Not possible to assess the association between nalidixic acid, gentamicin, 168 
ciprofloxacin, and cefotaxime resistance in travel history (within EU/EEA) due to less than 5 169 
counts (see supplementary Material: Table 2). 170 
EU/EEA: European Union/European Economic Area. 171 
(ns): Not significant (references for p-values in supplementary Material: Table 1 and 3) 172 

(*): Statistically significant  173 
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 Increased fluoroquinolone resistance in the two most common non-typhoidal Salmonella 177 

(NTS) serotypes among travellers returning to the Netherlands. 178 

 Resistant Salmonella Enteritidis infections are most likely to be acquired abroad, specifically 179 

outside Europe. 180 

 This study highlights the importance of travel history when patients with NTS infections 181 

require empiric antimicrobial treatment. 182 

 183 
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