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Abstract 

Salmonella is one of the major foodborne pathogens worldwide. Domestic, wild animals, and a variety of food 

matrices can transmit Salmonella spp. to humanS. Here, we report the top 10 Salmonella serovars isolated from 

human sources between 2011 and 2020 and received in the National Reference Laboratory for Enteric DiseaseS. 

Serotyping was performed according to the Kauffman-White scheme. 3113 isolates related to human cases belonging 

to 61 serogroups were received in the NRL between 2011 and 2020. The purpose of this article is the identification of 

circulating serotypes as the first step to understanding the epidemiology, and then, with this information, take actions 

to mitigate and control this pathogen. 

Keywords: Foodborne disease; Salmonella; Serotyping.   
 

Resumo 

Salmonella é um dos principais patógenos de origem alimentar em todo o mundo. Animais domésticos, selvagens e 

uma variedade de matrizes alimentares podem transmitir Salmonella spp. aos humanoS. Neste trabalho, relatamos os 

dez principais sorovares de Salmonella isolados de fontes humanas entre 2011 e 2020 recebidos no Laboratório de 

Referência Nacional de Enteroinfecções Bacterianas (LRNEB). A sorotipificação foi realizada de acordo com o 

esquema de Kauffman-White. 3.113 isolados relacionados a casos humanos pertencentes a 61 sorogrupos foram 

recebidos no LRNEB entre 2011 e 2020. O objetivo deste artigo é a identificação dos sorotipos circulantes como o 

primeiro passo para o entendimento da epidemiologia, e então, com essas informações, tomar ações para mitigar e 

controlar esse patógeno. 

Palavras-chave: Doenças veiculada por alimentos; Salmonella; Sorotipagem. 
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Resumen 

Salmonella es uno de los dos principales patógenos transmitidos por los alimentos en todo el mundo. Los animales 

domésticos, los animales salvajes y una variedad de fuentes de alimentos pueden transmitir Salmonella spp. años 

humanoS. En este trabajo, reportamos los diez principales serovares de Salmonella aislados de fuentes humanas entre 

2011 y 2020 recibidos en el Laboratorio de Referencia Nacional em Enteroinfección (LRNEB). La serotipificación se 

realizó según el esquema de Kauffman-White. Se recibieron 3.113 aislamientos relacionados con casos humanos 

pertenecientes a 61 serogrupos no LRNEB entre 2011 y 2020. El objetivo de este trabajo es la identificación de los 

serotipos circulantes como primer paso para conocer la epidemiología y, por tanto, con está información, tomar 

acciones para mitigar y controlar este patógeno. 

Palabras clave: Enfermedades transmitidas por alimentos; Salmonella; Serotipificación.  

 

1. Introduction 

Salmonella enterica is a zoonotic pathogen of considerable concern to global human and animal health (CDC, 2019; 

EFSA & CDC, 2021; Knodler & Elfenbein, 2019). Over 2500 serotypes have been described for Salmonella however, less 

than 100 serotypes account for most human infections (Bjelland et al., 2020; Jajere, 2019). Non-typhoidal Salmonella 

infections are self-limiting diarrhoeal illness with low fatality cases, but in some cases can trigger an invasive disease with 

higher fatality cases when compared to non-invasive infection (Global Burden of Disease Non-Typhoidal Salmonella Invasive 

Disease Collaborators, 2019; Trotta et al., 2021). A wide variety of domestic and wild animals, and a variety of food matrices 

can transmit Salmonella spp. to humans. The transfer often occurs when these microorganisms are introduced into food 

preparation areas, as well as through direct contact with infected animals or humans (Yu et al., 2021). Most of the data related 

to human salmonellosis in Brazil come from scientific research, since the Ministry of Health does not disclose annual reports 

as it occurs in North America and Europe. In Brazil, the National Reference Laboratory for Enteric Diseases, Oswaldo Cruz 

Institute – FIOCRUZ (NRL) receives Salmonella strains from Public Health Laboratories, Universities, Food Production 

Industries, and other Brazilian sectors for serotyping and genotyping. This allows tracing the profile of the serovars involved in 

human salmonellosis over time. Here, we report the top 10 Salmonella serovars isolated from human sources between 2011 

and 2020. 

 

2. Methodology 

Isolates were received in NRL in Nutrient Agar and then inoculated in Costa and Vernin media, Lysine Iron Agar and 

sulphide-indole-motility and incubated at 37°C for 24 hours for confirmation as Salmonella enterica; serotyping was 

performed according to the Kauffman-White scheme (Issenhuth-Jeanjean et al., 2014).  

 

3. Results and Discussion 

3113 isolates related to human cases were received in NRL between 2011 and 2020. In all, 61 different serogroups 

were identified, although most occurred occasionally. 

 Compared to other countries, we had a low frequency of Salmonella enterica associated with human cases of human 

origin (CDC, 2019; EFSA & CDC, 2021). Due to the lack of mandatory notification, which only became necessary in a food-

borne outbreak in October 2017, and the lack of accounting for gastroenteritis cases compared to other countries (Panzenhagen 

et al., 2016). 

From a public health perspective, according to the World Health Organization (WHO), Salmonella spp. is among the 

31 pathogens presenting the highest capability of triggering intestinal or systemic disease in humans among diarrheal and/or 

invasive agents (viruses, bacteria, protozoa, helminths, and chemicals) and the third leading cause of death among food-

transmitted diseases (Criscuolo et al., 2019; Gong et al., 2022). 
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Annual culture-confirmed human infection surveys regarding Salmonella indicate that the five most prevalent 

serovars in Brazil, in decreasing order were Enteritidis and Typhimurium from 2011 to 2014. From 2015 onwards, the 

observed order of serovars prevalence was Typhimurium, Enteritidis, or Infantis according to the year, followed by Newport. 

In the United States, it was Typhimurium, Enteritidis followed by Newport, and monophasic Typhimurium 4,[5],12:i:−.  S. 

Enteritidis, Typhimurium, monophasic Typhimurium 1,4,[5],12:i−, Infantis, and Newport in the European Union (Centers for 

Disease Control and Prevention (CDC), 2018; European Food Safety Authority, 2018). Although the role of animal-based 

foods in the transmission of this pathogen to humans has been previously demonstrated, the prevalence of Salmonella serovars 

in these products is not yet fully understood. The prevalence in different food matrices varies according to countries and 

regions, influenced both by culture and food production practices, as well as by geographic location and economic power. 

Furthermore, production animals are often asymptomatic carriers, and after entering the slaughterhouse, Salmonella can be 

transferred to other substrates during industrial processing (Bell et al., 2021; Issenhuth-Jeanjean et al., 2014). 

Salmonella Typhimurium represented 29.4% of the total (918/3,113 isolates) being the main serovar agent of 

salmonellosis in Brazil. The results reported here confirm that the Typhimurium serovar shows a cosmopolitan profile. It is 

considered an example of a generalist serovar. Therefore, these results corroborate those associated with S. Typhimurium and 

its monophasic variant from a global point of view confirming that pork meat is the main source of this serovar. Thus, it is not 

surprising that it ranks second in Europe (European Food Safety Authority, 2018) and third in the United States (Centers for 

Disease Control and Prevention (CDC), 2018; Tack et al., 2020) in reports of human salmonellosiS. Despite the decrease in the 

number of diseases caused by S. Enteritidis this serovar ranked second with 20.8% (647/3,113 isolates) of the total. In this 

study, S. Enteritidis was found to be the most prevalent serovar associated with human cases up to 2014. This is in agreement 

with the global increase in the incidence of this serovar since the 1980s associated with consumption of eggs and poultry and 

its decrease in the 2010s, a fact reported in other countries, such as the USA (Wright et al., 2016; Tang et al., 2019). It´s 

followed by S. Infantis with 5.1% (159/3,113 isolates). which is commonly found in chickens and broiler flocks. Outbreaks 

caused by S. Infantis have been associated with pet food and treats, and the main animal reservoirs of serovar Infants are 

poultry and swine. It is a common serovar in a number of countries and recognizes as invasive serovar specially for children 

(Gorski et al., 2022). Table 1 details the top 10 serovars of each year in the analysed period. Most of these serovars have a 

wide host range that can colonize several animals and are primarily transmitted to humans by foods of animal origin, such as 

raw meat, pork, poultry, and eggS. Seafood, fruits and vegetables can also serve as vehicles (EFSA & CDC, 2021). Several 

countries reported S. Typhimurium, S. Enteritidis, and S. Infantis as being the most related to enteric and invasive diseases in 

humans (EFSA & CDC, 2021; Guard et al., 2021). In 2015 S. Heidelberg emerged among the main serotypes causing human 

salmonellosis with the peak of cases in 2016, becoming the second most common serovar. However, as of 2017, the frequency 

of serotyped strains such as S. Heidelberg from humans began to decrease, thus leaving the ranking of the 5 most frequently 

isolated serovars in humans as of 2019. 

 

4. Final Considerations 

The prevalence and serovar diversity of Salmonella enterica from human sources were evaluated for 10 years. Until 

2014 S. Enteritidis was the prevalent serovar in Brazil both in human and non-human sourceS. From 2015 onwards, S. 

Typhimurium which was the second increased its prevalence, occupying a prominent position and showing the occurrence of 

other serovars in human sourceS. However, it is necessary to evaluate the intraserovar diversity using subtyping methods such 

as PFGE and WGS. These will allow understanding the wide prevalence and diversity of Salmonella serovars, recognizing 

those prevalent in foodborne diseases. These data will help in the elaboration of efficient control strategies to intervene in the 

occurrence of salmonellosis and reduce the economic burden on health systems. 
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Table 1 – Top 10 Salmonella enterica serovars isolated from human source in Brazil from 2011 to 2020. 

N- number of strains. Source: Authors. 
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