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Abstract

:

Monophasic Salmonella typhimurium is of increasing importance worldwide. Here we present the available data regarding monophasic S. typhimurium from 2007 to 2019 in Greece, in order to assess its public health impact. Surveillance data, data on antimicrobial resistance, molecular typing by pulsed-field gel electrophoresis (PFGE), and results of the investigation of monophasic S. typhimurium outbreaks were analyzed. Overall, 403 cases were identified; 329 (81.6%) sporadic and 74 (18.4%) related to two community outbreaks in 2017. A total of 305 isolates from sporadic cases tested for antimicrobial resistance revealed resistance to ampicillin, streptomycin, sulphamethoxazole, and tetracycline (41.3%). Some 23.3% were further resistant to trimethoprim and 5.2% were also resistant to chloramphenicol. Outbreak 1 in 2017 with 37 identified cases was attributed to the consumption of raw milk from a vending machine and isolates were resistant to ampicillin, streptomycin, sulphamethoxazole, tetracycline, and trimethoprim. Outbreak 2 also with 37 cases was attributed to the consumption of pork and isolates were resistant to the five above mentioned antibiotics plus chloramphenicol. The number of human monophasic S. typhimurium isolates is low; however, since 2009, it has been among the five most frequently identified serotypes in Greece. Investigation of the outbreaks revealed that other vehicles apart from pork may be implicated in the occurrence of outbreaks.
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1. Introduction


Salmonellosis is a foodborne disease caused by the bacteria Salmonella that results in a considerable global burden of morbidity and mortality [1]. The public health impact of Salmonella is aggravated by antimicrobial resistance (AMR) [2]. There are over 2500 serotypes of Salmonella that have been reported worldwide; Salmonella enterica enterica serotypes enteritidis and typhimurium have been reported to be the most common causes of human salmonellosis [3,4].



Over the past half century, Salmonella typhimurium epidemiology has been characterized by successive waves of prevalent multi-resistance to antibiotics strains [5]. The prevalence of the multi-resistant monophasic variant of Salmonella typhimurium among human cases has increased considerably in many countries in the world over the last 20 years [6]. The monophasic variant S. 4,[5],12:i:- is antigenically similar to S. typhimurium but does not express the second-phase flagellar antigen, which is identified as 1,2 in the S. typhimurium antigenic formula [7].



Since the first variant of Salmonella enterica subspecies enterica serovar typhimurium with antigenic structure 1,4,[5],12:i:- (monophasic S. typhimurium), was identified in the late 1980s from poultry in Portugal [8], it has become one of the most common Salmonella serotypes in Europe and is considered to be among the three most common serotypes isolated from humans in EU since 2011 [4]. Different strains of monophasic S. typhimurium have emerged in various countries at different times, and applying phenotypic and molecular typing methods, these strains have generally been distributed in three prevalent clonal lines, the Spanish clone, the European clone, and the U.S. clone [9]. The multidrug resistant Spanish and European clonal lineages are also characterized by a high occurrence of genes encoding tolerance to copper, silver, and mercury [10]. The use of non-antibiotic compounds (heavy metals) with antimicrobial activity in animal husbandry in order to control foodborne pathogens and the use as growth promoters in pork production may lead to the prevalence of these lineages [11,12]. It seems that new monophasic S. typhimurium strains are continuously emerging from different S. typhimurium strains through different genetic events [9]. Still, the proportion of human cases due to this serovar is low (6.5% of all reported cases in 2019), with a mean notification rate of salmonellosis in the EU and EEA/EFTA countries to be 19.9 cases per 100,000 population for the year 2019 [13]. Based on the last published data from the European Food Safety Authority, monophasic S. typhimurium was associated mainly with pig (49.7%) and broiler sources (35.3%) [4]. Reporting of monophasic S. typhimurium was inconsistent in the past due to variability in the nomenclature used to report this serotype in many countries, resulting in many isolates being reported only as “Group B” or “Subspecies enterica” and some isolates being incorrectly reported as serotype Typhimurium [14].



The aim of the present study is to review the available epidemiological data on monophasic S. typhimurium since 2007 in order to assess the public health impact of this serotype in the country. We also present the results of the phenotypic and molecular characterization of monophasic S. typhimurium human strains, isolated in Greece, with respect to their antimicrobial susceptibility profile, and DNA fingerprinting using the pulsed-field gel electrophoresis (PFGE) method.




2. Results


2.1. General Results


Overall, 402 cases were identified; 329 (81.6%) were considered sporadic and 74 (18.4%) were related to two community outbreaks in 2017. The median age of cases was 6 years (range 0–85 years) and information regarding gender was available for 392 cases (210 were male—53.6%). The median number of reported cases of monophasic S. typhimurium for the years 2007–2019 was 20 (range 2–138). Isolation rate ranged from 0.3% in 2007 to 24.6% in 2017 with monophasic S. typhimurium ranking at the moment among the five most frequently identified serotypes in the country. From 2007 to 2019, the mean frequency of isolation was 7.3 (SD = 6.4) (Figure 1).



Time series analysis did not show any statistically significant time trend of the number of monophasic S. typhimurium isolates (p-value = 0.066).



The mean age of outbreak 1 and outbreak 2 related cases was 6.2 years (SD: 4.02) and 24.8 years (SD: 23.3), respectively. The mean age of sporadic monophasic S. typhimurium cases was 15.6 years (SD: 1.51), significantly lower than the mean age of the overall sporadic salmonellosis cases identified in the same period (p-value = 0.0015). Reported symptoms of sporadic and outbreak related SMT cases are similar to the ones reported for the rest of Salmonella serotypes, however bacteremia was reported less frequently among monophasic S. typhimurium cases (p-value = 0.002).




2.2. Susceptibility Testing of Sporadic Cases, 2007–2019


In 2007–2019, 305 monophasic S. typhimurium isolates from sporadic cases were tested for antimicrobial resistance. Of these, 126 (41.3%) were resistant to ampicillin, streptomycin, sulphamethoxazole, and tetracycline (ASSuT) (two of them produced Extended Spectrum b-lactamases-ESBL), 71 (23.3%) were further resistant to trimethoprim (ASSuTTm), and 16 (5.2%) also to chloramphenicol (ACSSuTTM); 92 (30.2%) isolates presented a variety of other AST phenotypes in low frequencies (T, SSuT, ASuT, ASSuTm, S, AS, A, STm, Tm, CSu, Su in) (Figure 2).




2.3. Molecular Typing by Pulsed Field Gel Electrophoresis, 2018–2019


XbaI PFGE analysis of the 29 monophasic S. typhimurium sporadic isolates (human isolates of period 2018–2019) and of the 74 isolates of the outbreak cases revealed over 15 different profiles (Figure 3). Among the sporadic isolates, profile STYMXB0080 was the predominant (8/29, 27.5%), followed by STYMXB0010 (6/29, 20.7%) and STYMXB0079 (2/29, 6.9%).




2.4. Outbreaks


In both monophasic S. typhimurium outbreaks, cases had initially been classified as sporadic since they had reported no contacts with other gastroenteritis cases and were geographically scattered without an apparent epidemiological link to other cases or a specific food vehicle. All cases regarded Greek citizens, without travel history abroad.



2.4.1. Outbreak 1


In outbreak 1, a cluster of 37 monophasic S. typhimurium isolates resistant to ampicillin, streptomycin, sulphamethoxazole, tetracycline, and trimethoprim (ASSuTTm) was identified in June 2017. Isolates belonged to the PFGE profile Xba0079 (Figure 3). The median age of cases was 5 years (range: 1–17) and 26 (68.4%) of the cases were males. Cases reported date of symptoms onset between March and July.



Based on the results of the 1:1 unmatched case-case study performed (using salmonellosis cases with a positive culture for a serotype other than monophasic S. typhimurium as a comparative group), consumption of raw milk from a vending machine of a specific company was the only exposure that had a statistically significant association with disease occurrence (OR: 51.0, 95% CI: 3.79–2359.02). Overall, 17 of the 20 outbreak cases reported consumption of milk of the same origin.



The Hellenic Food Safety Authority inspected the premises and checked the HACCP (Hazard Analysis and Critical Control Points) system of the implicated—from the epidemiological investigation—dairy company for critical points that required the implementation of correction measures. Five milk samples from different points of purchase were collected in July and tested negative for Salmonella spp. at the Central Public Health Laboratory. After this outbreak, official controls were intensified in such companies and controls of the milk automated vending machines were included in the official control program of the National Food Safety Authority in Greece.




2.4.2. Outbreak 2


In August 2017, a second cluster of monophasic S. typhimurium isolates resistant to ampicillin, chloramphenicol, streptomycin, sulphamethoxazole, tetracycline, and trimethoprim (ACSSuTTm) was identified. Isolates presented an indistinguishable PFGE profile (unassigned) (Figure 3).



Overall, 37 cases were identified. The median age of cases was 11.5 years (range: 1–79) and (50%) of the cases were males.



Again, a 1:1 unmatched case-case study was performed using salmonellosis cases with a positive culture for a serotype other than monophasic S. typhimurium as a comparative group. In the logistic regression analysis, outbreak cases were 22 (95% CI: 1.2–394) times more likely to have consumed pork in the three days before symptoms onset than sporadic cases.



During the environmental investigation of the outbreak, public health authorities inspected the restaurants that were mentioned by two or more outbreak cases and took environmental samples from pig farms and from food processing facilities linked with these restaurants. They examined preparation processes for the foods served, and reviewed the order and delivery books of the restaurants. The ingredients of incriminated foods were identified and traced to their sources (food processing facilities and farms). Food specimens from the days of the symptoms’ onset were no longer available when the investigations commenced. Tracing identified one common supplier of pork, a slaughterhouse and a pig farm. Samples taken from a common supplier found among two restaurants, a pig farm, a commercial pig herd (fecal, dust samples were taken), and the ileocecal lymph nodes taken from swine at the corresponding slaughterhouse were tested to assess the status of Salmonella infection in pigs bred and slaughtered in the prefecture. Collected samples tested negative for Salmonella spp.






3. Discussion


In Greece, after monophasic S. typhimurium was first identified in 2007 [15], the isolation rate increased but remained low in the following years. Since then, it has been among the five most common identified Salmonella serotypes [16,17]. The emergence of this serotype seems to cover the niche from the decrease of S. enteritidis and typhimurium, a finding also documented in other countries [18,19]. In European Union member states, monophasic S. 1,4,[5],12:i:- accounted for almost 7% of total human salmonellosis cases reported yearly for the last decade and ranked third among the most reported Salmonella serotypes [4]. No outbreaks were documented until 2016 and the epidemiological situation was similar to the other European countries.



The lower age of the cases caused by monophasic S. typhimurium compared to the rest of salmonellosis cases may reflect milder disease as also indicated by their lower proportion of invasive disease. As a result, adults may not seek medical attention as much as in other salmonelloses. Differences in the severity of disease among different Salmonella serotypes have been reported in the literature [20].



Our data revealed that different strains of monophasic S. typhimurium circulate in Greece. The multi-resistant phenotype of ASSuT accounted for 41.3% of monophasic S. typhimurium between 2007–2019. ASSuTTm was more prevalent until 2011 in human isolates in Greece [15], and it was not observed at all in 2019 isolates. Moreover, several other strains are circulating with different AST phenotypes. The major European clone from 2005 (ASSuT phenotype, RR1–RR2/RR3 resistance regions, sequence type ST34) has spread in several countries across the European Union [7,18,21,22] and as other studies support, European clone seems to be slowly overtaking the Spanish and U.S. clones as the most prevalent [23]. Further comparative whole genome sequencing and phylogenomic analysis are needed in order to determine whether the Greek monophasic S. Typhimurium isolates with ASSuT resistance phenotype belong to the European clone.



ESBLs were detected in two monophasic S. typhimurium isolates. The presence of ESBLs in monophasic S. typhimurium human isolates have been reported previously in several countries, though in only few isolates [24,25,26]), indicating however the need for enhanced surveillance of this serovar in terms of acquiring and spreading ESBLs genes. Molecular typing by PFGE revealed a variety of different profiles, with STYMXB0080 being the predominant. According to previous study for the period 2007–2011 STYMXB0010 was the most frequent profile in human isolates and STYMXB0080 was only observed in food isolates [15]. The antimicrobial resistance phenotype and PFGE profiles in the country are compatible to the ones previously described in Greece and in other European countries [18]. The results of the study support that monophasic S. typhimurium is capable of spreading unique strains and diverse clones with broad antibiotic resistance in different areas [18,27].



The identification of the two outbreaks of multi-resistant monophasic S. typhimurium in 2017 depicted the importance of laboratory surveillance of salmonellosis for the identification of community outbreaks that cannot easily be identified via the mandatory notification system. The availability of the antimicrobial resistance profiles is essential, not only for clinical reasons, but also for improving identification of outbreaks. Additionally, subtyping using PFGE is a very good method to distinguish clones of this particular serovar as it seems to be very diverse [28].



The two distinct community outbreaks in 2017 were identified at the same time that the number of reported cases at a European level remained at the same levels as in 2015 and 2016 [2].



In one of the outbreaks, the epidemiological investigation showed that pork was the vehicle of transmission, a finding compatible with the fact that pigs are considered the main animal reservoir for monophasic S. typhimurium. This is a very well documented risk factor [29,30]. However, our data suggested that other food vehicles can be implicated with the occurrence of outbreaks, such as milk from self-service vending machines. Several outbreaks related to such machines in the previous years have been reported [31].



As a conclusion, the available data in Greece support that monophasic S. typhimurium are emerging with an increasing antimicrobial resistance phenotype. The burden of the disease may potentially increase in the following years and clinical implications for treatment of salmonellosis should be taken into account. Public health authorities should be prepared to take measures and investigation should also focus to vehicles other than pork. Future studies could evaluate whether isolates from both outbreaks belong or not to a single clade within the Greek monophasic Salmonella typhimurium population and also test for coexistence of resistance to heavy metals, as described in other countries.




4. Methods


4.1. Data Sources


Human salmonellosis is a mandatory notifiable disease in Greece. All diagnosed cases are reported to the National Public Health Organization (NPHO) which manages the surveillance of infectious diseases in the country.



Salmonella isolates are sent to the National Reference Laboratory for Salmonella for serotyping and antimicrobial susceptibility testing. Each isolate is accompanied by a short form that includes the name and demographic characteristics (age, sex, date of birth, region) of the patient, type of specimen, and date of specimen collection. Results of serotyping and antimicrobial susceptibility testing are shared with the laboratories and NPHO. Data are recorded in the Epidata Manager statistical package.



Cases are classified as sporadic and outbreak-related. Definition of sporadic and outbreak-related cases is based on the collected epidemiological data. A case is recorded as sporadic when it has no apparent epidemiological link with other cases and as outbreak-related when the available data suggest an epidemiological link.



Data collected during outbreak investigations (epidemiological, laboratory, and environmental) are recorded in a separate specially designed database. Demographic data, age, sex, geographical distribution of cases, results of analytical studies conducted, laboratory results, and implemented control measures are recorded.



Data from both databases were analyzed using Stata v12. Quantitative variables are presented as means ± standard deviations or as medians and interquartile ranges (IQR) and qualitative variables as absolute frequencies and percentages. Interrupted time series analysis was performed on the annual number of isolates from 2007 to 2019 to assess temporal trend (negative binominal regression model).




4.2. Laboratory Methods


4.2.1. Serotyping


Serotyping for the identification of somatic antigen O and flagellar antigens H (phase 1 and 2) is performed by the slide agglutination method according to the White–Kaufmann–Le Minor Scheme [32]. To confirm that strains serotyped as S. serovar 1,4,[5]:i:- are indeed monophasic S. typhimurium, one multiplex PCR assay is applied to detect the presence of the specific for S. typhimurium IS200 fragment, and the phase 2 (fljB) flagellar antigen gene [33].




4.2.2. Susceptibility Testing


Susceptibility testing is performed by the agar disk diffusion method (Kirby–Bauer) according to the protocols and guidelines of the European Committee on Antimicrobial Susceptibility Testing—EUCAST [34]. The following antibiotics (Oxoid) are tested; ampicillin (A), amoxicillin-clavulanic acid, ceftazidime, cefotaxime, ciprofloxacin, chloramphenicol (C), tobramycin, netilmicin, nalidixic acid (Na), pefloxacin, streptomycin (S), sulphamethoxazole (Su), tetracycline (T), trimethoprim (Tm), and sulfamethoxazole-trimethoprim. Phenotypic confirmation of Extended Spectrum b-lactamases was performed according to EUCAST guidelines using the double-disk synergy test (DDST) [35].




4.2.3. Molecular Typing by Pulsed Field Gel Electrophoresis


PFGE is performed after digestion of genomic DNA with XbaI according to the Pulse-Net protocol [36]. Fingerprints are analyzed using Bionumerics 6.6 (Applied Maths). Dendrograms are constructed using the Dice similarity coefficient and the unweighted pair group method with arithmetic averages (UPGMA), with optimization and position tolerance set at 0.5% and 1.5%, respectively. PFGE was performed for sporadic human isolates from 2018–2019 and for outbreak strains in 2017. In Greece, molecular typing using PFGE method is only applied when investigating a possible outbreak, in order to enhance or not the outbreak scenario. However, since two monophasic Salmonella typhimurium outbreaks were observed in 2017 it was decided to monitor this certain serotype using PFGE, in 2018 and 2019.
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Figure 1. Human monophasic Salmonella typhimurium cases and proportion of the total number of Salmonella isolates, Greece, 2007–2019. 
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Figure 2. Percentage of human monophasic S. typhimurium isolates with the ampicillin–streptomycin–sulfonamide–tetracycline (ASSuT), ampicillin–streptomycin–sulfonamide–tetracycline-trimethoprim (ASSuTTm), and ampicillin–chloramphenicol-streptomycin–sulfonamide–tetracycline-trimethoprim (ACSSuTTm) resistance phenotypes, Greece, 2007–2019. other* AST phenotypes (T, SSuT, ASuT, ASSuTm, S, AS, A, STm, Tm, CSu, Su). 
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Figure 3. Dominant pulsed field gel electrophoresis profiles identified in human isolates determined as monophasic S. typhimurium in Greece, 2018–2019 and in human isolates of the two outbreaks in 2017. Salmonella Braenderup H9812 was used as reference strain. (Profiles A, B, and C were assigned with reference strains of ECDC-EFSA molecular typing database). 
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