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Abstract 
 
An analysis of the recorded cases of Salmonella in Sweden indicates that there was no 

significant increase between 1997-2008, including or excluding outbreaks. The most common 

serotypes of Salmonella in Sweden were found to be S. Typhimurium and S. Enteritidis, with 

only the incidence of S. Typhimurium significantly increasing between 1997-2008. The most 

common phage types identified were S. Typhimurium 40, 104, NST and NT, with both S. 

Typhimurium NST and NT found to be significantly increasing. The season that has the 

greatest incidence of salmonellosis is the summer, from June to August. The number of 

Salmonella outbreaks occurring each year was found to be statistically increasing, this was 

however almost certainly due to a change in cluster detection techniques introduced in 2008, 

since a re-analysis excluding this year found no significant increase between 1997-2007. The 

most common serotypes that caused outbreaks during the study period were found to be S. 

Typhimurium, S Enteritidis, S. Saintpaul, S. Stanley and S. Hadar. There was no relationship 

found between the serotypes, with the number of cases not being proportional to the number 

of outbreaks. Despite these positive results, it should be of concern that evidence was found 

indicating that the sources of Salmonella infection appear to be changing, with an increase in 

the presence of ‘non-domestic’ serotypes. 
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Introduction 
 
Salmonella is a commonly occurring and well-recognized genus of bacteria, infecting both 

humans and animals. The Salmonella genus is split into two main species; S. enterica and S 

bongori, with the former being divided into six subspecies. The majority of identified 

Salmonella cases belong to subspecies S.enterica subspecies enterica. These are frequently 

named according to either: where or by whom the serotype was initially isolated, using the 

Kauffmann-White scheme1. In order to type a Salmonella serotype it is necessary to know the 

particular O and H-antigens that particular bacteria expresses: the differences in structure 

resulting in different chemical reactions. These differences can therefore be used to identify if 

the serotype is unique or has been previously isolated. To date there are currently over 2,400 

identified serotypes of Salmonella.  

 

Salmonellosis in humans can vary from mild and self-limiting, to potentially serious fatal 

infections more common in young children and the elderly. Fatal Salmonella infections are 

fortunately exceptionally rare in Sweden. Even in cases where the infection is more severe, 

early diagnosis and treatment often prevents the bacteria from spreading. Symptoms normally 

appear between 5-72 hours after infection and can include fever, diarrhoea, dehydration, 

abdominal pain, vomiting and possibly septicaemia in severe infections. Although 

salmonellosis is usually self-limiting, lasting between 2-5 days, in more severe or persistent 

cases of infection treatment with antimicrobials might be considered, but due to the risk of 

multi-drug resistance, this is generally a last resort in Sweden.  

 

The Swedish Institute for Infectious Disease Control (SMI) is a government run ‘expert 

authority’ established to identify and control infectious diseases in the Swedish population. It 

is currently responsible for the epidemiological surveillance of 63 notifiable infectious 

diseases, one of which is salmonellosis. Around 4,000 cases of Salmonella are reported in 

Sweden each year, of which only 15-20% are from domestic infection. In the 1940’s Sweden 

had already initiated a voluntary control program, for the regular screening of animal feed to 

ensure that Salmonella was not passed to animals and hence onward to humans. This control 

program was subsequently broadened in response to a large Salmonella outbreak in 1953; to 

include control of animal production, sampling in herds and further on to introduce the close 
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monitoring of the import of meat or food of animal origin.2 In 1995, the EU approved the 

Swedish Salmonella control programme, which included additional Salmonella guarantees in 

Sweden, stating that Sweden will only import meat and eggs that are Salmonella free. This 

was to protect the proven favourable situation in Sweden, with meat and eggs being 99.9% 

free of Salmonella. 

 

Under the Swedish Communicable Disease Act3 Salmonellosis is a notifiable disease hence, 

when a doctor suspects a case of human Salmonella, a sample is sent to a local or regional 

laboratory to be confirmed and a clinical report is sent to SmiNet, a national electronic 

surveillance system. If Salmonella is confirmed a laboratory report is filed along with the 

initial clinical report (together making a case file) in SmiNet giving epidemiological 

information regarding time, place and person. Samples from the majority of the domestic 

cases of Salmonella are then forwarded to the national reference laboratory at SMI, where 

they are serotyped using the Kauffmann-White scheme. Most of the domestic serotypes S. 

Enteritidis and S. Typhimurium cases are being further phage-typed at SMI using the 

Colindale scheme. If, during an outbreak investigation, a cluster is suspected Pulsed Field Gel 

Electrophoresis (PFGE) and Multiple Loci Variable number of tandem repeats Analysis 

(MLVA) can be used to subtype the Salmonella strain. These techniques can also be applied 

when a comparison between Salmonella from humans, animals and feed is required to 

determine a common source. Should Salmonella be suspected or confirmed in food or 

animals, rather than humans, a sample is sent to the National Veterinary Institute (SVA) for 

confirmation and serotyping. Phage typing of these isolates is made upon request at SMI. 

 

All Case Reports contain a social security number, Salmonella serotype and phage type (if 

applicable) as well as all relevant epidemiological data with respect to time, place and person. 

Before the introduction of SmiNet in 1997, this data was available through another computer 

program, which worked in much the same way as SmiNet does today. For each year of 

interest an initial report can be extracted covering all Salmonella cases in Sweden, this can be 

broken down to obtain the relevant information mentioned above. Additional information 

including the original case reports and laboratory reports can also be accessed through 

SmiNet. 
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When analysing statistics for infection rates, ‘Incidence per 100,000 population’ is the value 

used as a comparator. This allows a direct comparison per 100,000 head of population.  

 

In Europe the most common Salmonella serotypes are primarily S. Enteritidis followed by S. 

Typhimurium. S. Enteritidis is normally associated with contaminated eggs and broiler meat 

and S. Typhimurium with contaminated pork, poultry and beef.1 It is interesting that in 

Sweden the most common serotype found is S. Typhimurium, since in the rest of Europe S. 

Enteritidis is more prevalent: this difference could be due to the strict Swedish control 

measures ensuring that eggs and broiler meat are 99.9% Salmonella free. 

 

Aims 
 
The Aim of this project is to examine Salmonella infections in Sweden between the years 

1997-2008, to determine the most common Salmonella serotypes, and their phage type (if 

applicable) in order to identify any significant changes or trends and their sources.  
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Material and Methods 
 
The number of cases of Salmonella by month of onset, county of infection, Salmonella 

serotypes and phage types will be extracted from the National electronic surveillance system 

SmiNet for each year of the study. To calculate the incidence of infection per 100,000 

population data will be extracted from Statistiska Centralbyrån4. This data will then be 

complied and compared to see if any patterns can be identified between incidence of 

salmonellosis, Salmonella serotype, phage type and month.  

 

In addition, outbreak data will be examined to determine if this can help to explain any 

observed trends and to identify any pattern as to when outbreaks occur and/or any significant 

changes in outbreaks and their sources over time.  If specific serotypes and phage types 

appear to be prevalent and could be contributing to the trend, these will be statistically 

analysed alongside the overall incidence to determine their specific part in the importance to 

the observed outcomes. 
 

In order to identify any underlying trends in incidence data by month, the 12-month running 

mean will be calculated and plotted prior to performing a statistical analysis. If it were 

possible to subtract the outbreaks from the monthly incidence data, it might be possible to see 

an underlying trend. Caution is necessary however as an outbreak can be protracted, 

continuing sporadically over several months, and hence the number cases recorded for a 

specific month may not be accurate. The incidence per month will be transformed into 

seasonal data and plotted as a box plot to determine when Salmonella is more prevalent, for 

instance in the warmer seasons. 

 

Statistical Package ‘R’, version 2.9.05 will be used to determine whether there are any trends 

in domestic Salmonella incidence between 1997-2008, including and excluding known 

outbreaks and trends in the incidence of the most common Swedish serotypes S. 

Typhimurium and S. Enteritidis and their most common phage types.  

 

In addition to the above, a bar plot of the number of outbreaks per year will be plotted and 

statistically analysed for any trends, and since S. Enteritidis and S. Typhimurium are known 
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to be responsible for the majority of domestic Salmonella outbreaks in Sweden, the number of 

outbreaks for each serotype will plotted against month (all years combined) to determine any 

temperature interdependency. Finally, each Salmonella serotype which has caused one or 

more outbreaks in Sweden during the study period, will be tabulated showing the total 

number outbreaks and total number of Salmonella cases: this data will then be used to 

consider possible changes in source over time and any influence of non-domestic serotypes. 
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Results and Discussion 
 

Domestic Salmonella situation in Sweden 
 

The Salmonella trend in Sweden shows an undulating trend in the total number cases with 

what appears to be a slight negative trend (Figure 1). The variation in the total number of 

Salmonella cases does not appear to be significant. 

 

 
 
Figure 1 – Total number cases of Salmonella infection and total number cases of domestic Salmonella in 

Sweden between 1997-2008 including outbreaks. 

 

The number of domestic cases follows the general pattern of the total number of Salmonella 

cases, but in 2002 and 2003 there is a more pronounced rise in domestic cases than the total 

number of cases. This might suggest that there were one or more larger domestic outbreaks in 

these years.  

 



  
  
  
  

 11 

NB A low number cases is not necessarily indicative of fewer outbreaks, as an outbreak is 

defined as ‘more than the usual number of cases at a specific point in time, in a specific 

location among a specific group of people’. This means that the size of one large individual 

outbreak could initially appear to be more statistically relevant than the sum of several smaller 

outbreaks. 

Running Mean of domestic Salmonella incidence 
 
The incidence per 100,000 was calculated using population data from Statistiska 

Centralbyrån4. It should be noted that rises in the running mean are not necessarily indicative 

of an increase in Salmonella incidence for the whole 12-month period, as this rise could be 

caused by a large outbreak in only one or more months of that year for example (Figure 2). 

 

 
Figure 2 – Incidence of Salmonella infection and running Mean (12 months) including outbreaks. 

 

The incidence of Salmonella infection shows no trend between 1997-2008. There are obvious 

peaks of Incidence in 1999, 2002, 2003, 2006, and 2007 (Figure 2). This could be due to 

individual large outbreaks contributing to the corresponding rises in the running mean (Figure 

2).  
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Seasonal pattern of domestic Salmonella incidence in Sweden 
 

For Figure 3 below, the monthly incidence data used for Figure 2 was transformed into 

seasonal data: with winter running from December to February, spring running from March to 

May, summer running from June to August and autumn running from September to 

November respectively.  
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Figure 3 – Box-Plot to show the sum of the monthly incidence for all years, transformed into Seasonal 

data 

 

A comparative analysis between the seasons was not felt to be necessary, as it is clear from 

Figure 3 that in all seasons the median is fairly similar, with summer and autumn having the 

greatest respectively (Figure 3). The greatest variation is in the summer, with a large ‘Box’ 

and long Whisker (Figure 3). Autumn has the second largest spread in Salmonella incidence; 

this could be due to any summer outbreaks running on into September before the colder 

weather has an influence. The autumn has the second highest median, with winter having the 

smallest respectively. 

 

In all seasons there are outliers, as indicated by the circles, this is however to be expected as, 

a single outbreak could result in a large increase in incidence, sufficient to take the value 

above the 75th percentile. An example is spring, which has the highest outlier of all the 

seasons, indicating that there was probably a large outbreak in one year under study. The 
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majority of outliers appear in winter and most likely be due outbreaks being less common in 

this season: this hypothesis is based on the finding of a narrow box with small whiskers 

normally indicative of only a small spread in the incidence data i.e. when any outbreak 

occurs, the resulting jump in incidence easily exceeds the 75th percentile and the results 

become an outlier. It should be of note that, there is evidence that there has been an increase 

in the number of winter outbreaks over the period under study with only 13 outbreaks 

occurring between 1997-2005 against 16 outbreaks from 2006-2008. This large shift in 

arisings strongly suggests that something has changed: possible causes for further 

investigation are recent changes in consumption such as an increased demand for imported 

food items, new sources of imports, or a changes in eating/food preparation behaviour during 

the winter months. 

Salmonella Incidence including and excluding outbreaks. 
 
In order to determine the effect outbreaks have on the overall incidence of Salmonella in 

Sweden, the number cases for known outbreaks were subtracted from the total number of 

cases in each year.  
 

 
Figure 4 – Incidence of domestic Salmonella in Sweden between 1997-2008, including and excluding 

outbreaks. 
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 There does not appear to be a pronounced trend in either incidence line, including and 

excluding outbreaks, but the incidence of Salmonella including outbreaks has more obvious 

increases and decreases than when the outbreaks have been excluded, in some cases doubling 

the outcome (Figure 4). 

 

There is an obvious decrease in incidence in 2002 once the outbreaks have been excluded, 

suggesting that there was most likely a large outbreak that year that accounted for the 

majority of the Salmonella cases. Further research indicated that this was the case, with a 

large outbreak in April of 2002 from Serotypes S. Hadar and S. Enteritidis phage type 21. 

During the analysis, it was discovered that because the outbreak occurred amongst Swedish 

residents on a Polish passenger ship, a proportion of the Salmonella cases were not reported 

as ‘Swedish’ but rather ‘Polish’ and although there were confirmed cases of S. Enteritidis 

during that month, many were neither phage typed nor registered as part of the outbreak. It is 

therefore possible to hypothesise that there should have been many more salmonella cases 

recorded during this outbreak: had this been the case, there would have been a greater 

incidence per 100,000 in 2002 and the dip in Figure 4 would be greater once the additional 

cases were subtracted. It is necessary to consider this factor in an analysis of domestic 

Salmonella incidence between 1997-2008.  

 
Table 1 - Linear regression on Salmonella incidence per 100,000 including outbreaks. 

 

 Estimate Std. error t-value P-value 

Intercept -334.8957 316.2329 -1.059 0.315 

Year 0.1713 0.1579 1.085 0.303 

 

The p-value (Table 1) is greater than 0.05 and therefore indicates that there is no significant 

increase in domestic Salmonella incidence, from 1997-2008, including outbreaks. Here the 

Estimate variation is almost the same as the standard error, this could indicate that if there 

were a trend it would be lost in the ‘noise’ being almost within variation (Table 1). 
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Table 2 - Linear regression on Salmonella Incidence per 100,000, excluding outbreaks. 

 

 Estimate Std. error t-value P-value 

Intercept -207.19816 144.30465 -1.436 0.182 

Year 0.10627 0.07206  1.475 0.171 

 

When excluding the outbreak cases the p-value (Table 2) is still greater than 0.05 indicating 

that there has been no significant increase in domestic Salmonella incidence from 1997-2008 

excluding outbreaks.  

 

 However, as the p-value is smaller than that observed in Table 1, this might indicate that if 

there is only a small trend in Salmonella incidence, it might be masked by the effect of the 

outbreaks. For further consideration is that there may have been a significant increase in one 

particular Salmonella serotype or phage type, which might not have been seen as an increase 

in overall incidence had another serotype been decreasing at the same time. Therefore, 

although this result is apparently conclusive in its lack of significance, it could mask other 

significant trends and requires further to be explored. 

 

Because of the abnormality in the recorded results for 2002 (Figure 4), a further statistical 

analysis was conducted to determine whether excluding this incompletely reported outbreak 

would have any significant effect. In addition, the year 2002 was totally excluded from the 

linear regression to determine whether removing the possible anomaly completely would 

make any observable difference.  

 

The revised results gave new p-values of 0.08705 and 0.0887 respectively. As both these 

values are still greater than 0.05 it indicates that there still is no significant increase in 

domestic Salmonella incidence (excluding outbreaks) and that there is no apparent 

relationship between Salmonella incidence and year. However, it should be noted that whilst 

the p-values are still greater than 0.05, they are both smaller than obtained in Table 1 and 2. 

Apart from confirming that our original conclusion is not wrong, this outcome supports the 

theory that Outbreaks may have a pronounced effect on the overall Incidence of Salmonella in 

Sweden and it is therefore vital fully to consider the part these may play. 
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Salmonella Serotypes S. Enteritidis and S. Typhimurium 
 
From initial analysis of serotypes per month for each year, it was found that the most common 

serotypes in Sweden between 1997-2008 were S. Typhimurium and S. Enteritidis and their 

most common phage types S. Typhimurium 40, 104, NST and NT and S. Enteritidis 4, 8, 21, 

NST and NT respectively. Since by comparison, according to the EFSA Journal (2007), the 

most common phage types for S. Typhimurium in most of Europe were 193, 104, 120 and NT 

and S. Enteritidis 4, 8, 1, 21, and 14b,1 it may be hypothesised that something different is 

happening in Sweden compared to most of Europe.  

 

As previously mentioned, S. Typhimurium is generally associated with meat, for example 

processed sources such as kebab meat and salami. However meat is not the only source of S. 

Typhimurium, as more than 10 people became infected with S. Typhimurium 104 in June 

2001 with the outbreak traced to imported halva, a type of dessert made primarily from 

sesame seeds.7 In addition, S. Typhimurium 40 and NST of a specific pattern are considered a 

bird phage type, with birds acting as the carriers and passing Salmonella onto humans both 

directly and indirectly through animal feed or pets such as cats. In general there is a rise in 

Salmonella from the bird phage type in the spring, most probably resulting from the increase 

in bird migratory activity following the winter.  

 

In Sweden, outbreaks of S. Enteritidis, are generally thought to be mostly contracted from 

imported goods: The control measures in Sweden have successfully lowered the incidence of 

Salmonella from broiler chickens and eggs, which are considered the main source of S. 

Enteritidis in most of Europe. Nevertheless there are still cases in Sweden and more recently 

outbreaks of S. Enteritidis from sources other than chicken or eggs have been found; with a 

cluster of 15 cases of S. Enteritidis NST 3+ being reported in Sweden during an outbreak 

from December 2005 to August 2006, the source of which was believed to be almonds.8 This 

is a potential example of a new type of threat. 

 

The suffix NST stands for ‘Non Specific Type’, which is used when a Salmonella sample has 

more than one positive chemical reaction, and it is not possible to make a match using the 

Colindale scheme. S. Enteritidis NST 3+ indicates that the Salmonella strain had 3 positive 

results according to the Colindale scheme. Similarly the suffix NT stands for ‘Non Typable’ 
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and means that the Salmonella Sample has tested negative in all chemical reactions. For this 

reason samples identified, as NST and NT are not necessarily solely one phage type but could 

be a cluster of many. Due to this, caution should be taken when interpreting the results, as 

further study is necessary to determine if any specific pattern of S. Typhimurium NST is 

responsible for the trend observed, rather than the phage type as a whole. 

Incidence of S. Typhimurium and S. Enteritidis  
 

 
Figure 5 – Incidence of Salmonella serotypes S. Enteritidis and S. Typhimurium from 1997-2008, 

excluding outbreaks 

 

As stated previously, S. Typhimurium and S. Enteritidis are the two most common serotypes 

found in Sweden and are those most commonly associated with outbreaks. This only partly 

explains the wide variation of incidence seen in Figure 5, once the number of cases during 

outbreaks has been subtracted. In order to determine any underlying trend, linear regression 

lines were added to the scatter plot (Figure 5). It would appear that there is positive trend in S. 

Typhimurium incidence and a negative trend in S. Enteritidis incidence (Figure 5). 

 

 



  
  
  
  

 18 

Linear regression for S. Typhimurium and S. Enteritidis 
 
In order to determine if there was any trend in S. Typhimurium and S. Enteritidis incidence 

between 1997-2008, a linear regression was carried out on both. 

 
Table 3 – Linear regression on incidence of S. Typhimurium infection between 1997-2008 excluding 

outbreaks. 

 

 Estimate Std. error t-value P-value 

Intercept -276.22 91.69230 -3.012 0.0131 

Year 0.13881 0.04579 3.032 0.0126* 
*0.01 significance level 

 

The p-value obtained (Table 3) is smaller than 0.05 indicating that the incidence of S. 

Typhimurium has significantly increased from 1997-2008 in Sweden. 

 

Although Table 3 indicates that there is a significantly increasing trend in incidence of S. 

Typhimurium; it does not mean this trend is significant in comparison to overall incidence of 

domestic Salmonella. As discussed previously, this trend may be masked by outbreaks or 

possible decreases in incidence for other serotypes.  

 
Table 4 – Linear regression on incidence of S. Enteritidis infection between 1997-2008 excluding 

outbreaks. 

 

 Estimate Std. error t-value P-value 

Intercept 80.05976 80.00494 1.001 0.341 

Year -0.03951 0.03995 -0.989 0.346 

 

The p-value obtained was 0.346 which is greater than 0.05, therefore S. Enteritidis incidence 

has not significantly increased between 1997-2008.  

 

This result is not unexpected, given the successful implementation of control measures in 

Sweden effectively lowering the levels of Salmonella in meat and eggs; it has already been 



  
  
  
  

 19 

discussed that S. Enteritidis is most commonly associated with these products. That said, it is 

necessary to add the caveat that as the majority of S. Enteritidis cases are contracted abroad 

were these cases to be included in this analysis, the trend would most likely be the opposite 

i.e. increasing. However a further analysis would be necessary before this can be formally 

concluded. 

Linear model on number cases caused by S. Typhimurium phage types 40, 
104, NST and NT 
 

In order to determine if there are any differences between the different S. Typhimurium phage 

types and whether there is an interaction between phage type and year that could explain the 

significantly increasing trend found in Table 3, a linear model was performed. 

 

It has been necessary to use the number of cases during outbreaks in this analysis, as once the 

number of cases from outbreaks had been subtracted the data set was too small to perform a 

statistical analysis. 

 
Table 5 - Linear Model for number cases of Salmonella caused by S. Typhimurium phage types, 40, 104, 

NST and NT between 1997-2008 (including outbreaks). 

 
 Estimate Std. error t-value P-value 

(intercept) -447.7 267.6 -0.167 0.86799 

Phage Type 40: Year 0.0559 1.890 0.030 0.97653 

Phage type 104: Year 0.2413 1.336e 0.181 0.85766 

Phage type NST: Year 6.010 1.890 3.180 0.00284** 

Phage type NT: Year 4.937 1.890 2.612 0.01261* 
**0.001 significance NST *0.01 significance NT. 

 

There is a significant positive trend in S Typhimurium phage types NST and NT, with p-

values less than 0.05 (Table 5). The Estimate values can be used to determine roughly by how 

many cases each year (Table 5), for example, the number of cases of Salmonella caused by S. 

Typhimurium NST is roughly increasing by 6 cases per year.  
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It is necessary to treat these results, with caution however as all cases, including outbreaks, 

was considered hence in neither case is there any way to know if the Estimate values given 

are a result of outbreaks during the study period or are truly indicative of an increase in either 

phage type.  

 

S. Typhimurium 40 and 104 have p-values greater than 0.05 (Table 5) and therefore indicate 

that the number of cases of Salmonella caused by these phage types has not significantly 

increased over time. 
 

 
Figure 6 – Comparison between number cases of Salmonella caused by S. Typhimurium phage types 40, 

104, NST and NT between 1997-2008 (including outbreaks). 

 

As before, it is necessary to remember that the number of cases of Salmonella caused by S. 

Typhimurium phage types includes outbreaks. Nevertheless, linear regression lines in Figure 

6 show more clearly the significant positive trend in S. Typhimurium NST and NT found in 

Table 5. The increase in number of Salmonella cases from S. Typhimurium is more apparent 

in NST than NT as is supported by the relative p-values (Table 5). There is no significant 

trend in number of cases cased by S. Typhimurium 40 and 104, seen by flat linear regression 

lines (Figure 6). 
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Linear model of S. Enteritidis phage types 4, 8, 21, NST and NT. 
 

Although the results obtained in Table 4 were not significant, there was evidence for a 

possible decreasing trend in S. Enteritidis incidence. To determine a possible explanation, a 

linear model was carried out on the number cases of Salmonella caused by S. Enteritidis 

phage types 4, 8,21, NST and NT to determine if any were significantly decreasing between 

1997-2008. 

 
Table 6 – linear model of number cases of S. Enteritidis phage types 4, 8, 21, NST and NT between 1997-

2008 (including outbreaks). 

 
 Estimate Std. error t-value P-value 

(intercept) -662.50117 3354.03515 -0.198 0.8442 

Phage Type 4: Year -4.32517 2.36870 -1.826 0.0738 

Phage type 8: Year -4.38462 2.36870 -1.851 0.0701 

Phage type 21: Year 0.33566 1.67492 0.200 0.8420 

Phage type NST: Year -0.04545 2.36870 -0.019 0.9848 

Phage type NT: Year -0.18531 2.36870 -0.078 0.9380 

 

There are no p-values under 0.05 (Table 6) indicating there is no significant trend in the 

number of cases of S. Enteritidis phage types 4, 8, 21, NST and NT between 1997-2008. 

Although there is no significant trend, the negative estimate values (Table 6) could be 

implying that there could be a downward trend occurring, but further analysis is necessary 

before a firm conclusion can be drawn. 

 

The lower p-values obtained for S. Enteritidis 4 and 8 (Table 6) suggest they are decreasing 

more than S. Enteritidis 21, NST and NT. From Figure 7 below however, it may be seen that 

the unusually high peak in the number of cases in 1999 could possibly have skewed the 

results, with the subsequent drop after the outbreak contributing directly to the smaller p-

values found for S. Enteritidis 4 and 8, hence falsely indicating a trend. It is however clear 

from Table 6 that although there may be a possible downward trend in S. Enteritidis phage 

types, the rate of such a decrease is not significant.  

 



  
  
  
  

 22 

It could also be said that such a small data set (in years) is sensitive to one-off abnormal 

results, as seen in 1999. This could inevitably affect the results and prevent a trend being 

observed. Therefore it would be recommended for this study to be repeated every year and 

older data being sought, as it might be possible to then determine whether there is a 

significance to the downward trend. 

 

 
Figure 7 – Comparison between number cases of Salmonella caused by S. Enteritidis phage types 4, 8 and 

21 between 1997-2008 (including outbreaks). 

 

A downward trend in the number cases of S. Enteritidis 4 is apparent, as there is an almost 

consistent decrease from 1999 to 2008 (Figure 7). The high peaks in number of cases of 

phage type 8 and 21 and are most likely outbreaks, with the greatest number being caused by 

S. Enteritidis 8 in 1999, the source of which was traced to a turkey, shrimp mix served in a 

café. S. Enteritidis 21 caused another noticeable peak in 2002: most likely the incompletely 

recorded outbreak aboard the Polish passenger ship, caution over interpretation of these 

results was mentioned earlier. 

 

As S. Enteritidis is the main serotype found in eggs and poultry, it is likely that this slight 

downward trend could be attributed to the successful implementation of control measures and 
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the Salmonella guarantee in Sweden. Such a pattern could also explain why S. Typhimurium 

is of greater incidence in Sweden than S. Enteritidis, the opposite to most of the rest of 

Europe. 

Salmonella Outbreaks in Sweden between 1997-2008 
 
The least square line is plotted along the line where the sum of the squared values for each 

residual has the least value.6 Looking at the result in Figure 8, it confirms that there is a 

positive trend in the number of outbreaks occurring in Sweden between 1997-2008.  
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Figure 8 – Least Square plot to determine if there is an increasing trend in the number of outbreaks 

occurring in Sweden between 1997-2008. 

 

In the absence of data for 2009 it is difficult to judge whether 2008 is part of an upward trend 

or a ‘one of’ unusually high result (Figure 8). Such a high result could possibly be due to an 

emphasis on cluster detection techniques (PFGE and MLVA) being implemented at SMI as 

part of a project during that year: it is thought this may have identified more clusters of 

Salmonella than would normally have been found. If correct, the peak result for 2008 was 

greater than it would have otherwise been. This apart, there is an apparent growth in the 
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number of outbreaks in the latter years of the study, which may be indicative of a gradual 

increase in outbreaks. 

Linear regression for number outbreaks occurring in Sweden between 
1997-2008 
 
Table 7 - Linear regression for number outbreaks in Sweden between 1997-2008. 

 

 Estimate Std. error t-value P-value 

Intercept -1258.0664 458.5270 -2.744 0.0207 

Year 0.6329 0.2290 2.764 0.0200* 
*0.01 significance level 
 

The p-value obtained (Table 7) is smaller than 0.05, indicating that the number of outbreaks 

in Sweden has significantly increased between 1997-2008.  

 

There is however a new hypothesis to explain the above results. When one considers the 

source of infection either the incidence of an existing cause is increasing or there are a 

number of new sources of infections. The increases could most simply be explained by the 

introduction of new foodstuffs and/or increased importation of older existing types from new 

sources. 

  

Before taking these results as final, it is however first necessary to take into consideration the 

possible effects of the increased cluster detection techniques implemented in 2008, as these 

could have influenced the results. To address this situation, a second linear regression was 

carried out omitting the number of outbreaks in 2008. The p-value obtained was 0.0833, 

which is greater than 0.05 indicating that there is not a significant increase in the number of 

outbreaks between 1997-2007. This is the reverse of the previous analysis. As there is no way 

to know how many outbreaks would have been found in 2008 had the new cluster detection 

technique not have been used the analysis is inconclusive. Further analysis is necessary both 

on the years to 1997 and those following 2008 before it will be possible to determine 

conclusively whether there is a significant increase in the number of outbreaks over time. 



  
  
  
  

 25 

Salmonella serotypes involved in outbreaks in Sweden 
 

The number of outbreaks and number of cases were summed for every serotype that has 

caused at least one outbreak in Sweden between 1997-2008. The table is arranged with the 

Salmonella serotype with the greatest number of outbreaks at the top. 

 
Table 8 – Sum of outbreaks and number cases for all Salmonella serotypes infective in Sweden between 

1997-2008.  

 
Serotype Number outbreaks Number cases 

Typhimurium 47 844 

Enteritidis 13 493 

Saintpaul 5 97 

Stanley 4 92 

Hadar 3 306 

Thompson 3 30 

Oranienburg 3 26 

Braenderup 3 23 

Virchow 3 139 

Give 2 57 

Java 2 195 

Agona 2 23 

Livingstone 2 22 

Mikawasima 2 22 

Infantis 2 19 

Bovismorbificans 2 16 

Coeln 2 16 

Newport 2 15 

Subspecies 1 2 10 

Brandenburg 1 60 

Blockley 2 29 

Senftenberg 1 22 

Orttamerin 1 16 

Napoli 1 13 

Kottbus 1 11 

Bredeney 1 10 

Anatum 1 10 
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Bareilly 1 50 

Haifa 1 7 

Muenchen 1 6 

Stourbridge 1 6 

Reading 1 6 

Szentes 1 6 

Orientalis 1 5 

Bonariensis 1 4 

Bardo 1 3 

 

The top 5 Salmonella serotypes that have caused outbreaks between 1997-2008 are S. 

Typhimurium, S. Enteritidis, S. Saintpaul, S. Stanley and S. Hadar. However, as mentioned 

previously, the number of cases is not proportional to the number of outbreaks; for example S. 

Java caused 2 outbreaks totalling 195 cases whilst S. Blockley caused only 7 cases in one. 

 

In any analysis it is vital to note that the sources of any Salmonella outbreaks involving the 

less common serotypes are often not found. This is due to Salmonella being a self-limiting 

infection and the smaller the number of Salmonella cases the more complicated the outbreak 

investigation. In the case of S. Java however, the outbreak was larger resulting in more cases, 

and hence information which permitted the source to be traced to baby spinach that had been 

imported from Italy (although this was not microbiologically confirmed).  

 

It is known that the increased importation of food products is responsible for the introduction 

of less common serotypes in Sweden, accounting for the isolated sporadic outbreaks. More 

interestingly, the presence of less common serotypes, such as S. Coeln and S. Napoli have 

latterly become increasingly more prevalent, with their first and only outbreak occurring in 

2008. In addition, S. Braenderup caused three outbreaks over the study period, but all of 

which occurred in 2006 and 2007. Such changes indicate that something had altered to 

introduce more ‘non-domestic’ serotypes into Sweden possibly due to increased demands for 

particular imported food items. Whilst the import of foods such as salad normally increases in 

the warmer months, more exotic items are increasingly popular during the winter months, 

inevitably affecting the potential for outbreaks. Further analysis is due to be carried out at 

SMI, to determine if there is a link between sources and where they originated.  
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There is a possibility that the source of outbreaks in Sweden is changing from mostly meat to 

foods of vegetable origin; such as salads, herbs and spices most of which are imported. The 

causes of such an increase could be due to vegetables and salads being grown in close 

proximity to infected herds or farm animals, contaminated irrigation systems, deficiencies in 

control systems for food of vegetable origin, whereas by comparison food of animal origin is 

more tightly controlled and regulated. These new vegetable sources are also trendy and hence 

popular in modern cooking. As people opt to eat salad along side meat the source of any 

infection may be mistaken or written as a combination of the two foodstuffs. This is even 

before the question of the potential for cross contamination in kitchens is considered. This is 

of concern as begs the question of how future control may be exercised. Nevertheless, S. 

Typhimurium is still responsible for the majority of the outbreaks, so further analysis into 

where it comes from is essential before any conclusion can be drawn on whether the source is 

changing. 

Outbreaks caused by S. Typhimurium and S. Enteritidis. 
 

In order to see if there is an increase in the number of outbreaks from S. Enteritidis and S. 

Typhimurium, the number of outbreaks they caused were summed and plotted against the 

months in which the outbreaks occurred.  
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Figure 9 – Bar plot to show the sum of outbreaks between 1997-2008 per month for S. Enteritidis and S. 

Typhimurium. 

 

The majority of outbreaks caused by S. Typhimurium occur in the summer months June and 

July, with an isolated higher peak in January (Figure 9). S. Enteritidis appears to increase in 

spring at the start of April to a peak in number of outbreaks in June. It was not possible to test 

the significance of the increases; as some outbreaks occurred over a couple of months during 

the season, so accurately determining the number of cases per month not possible. 

 

As mentioned previously, the increase in number outbreaks in S. Enteritidis in the spring and 

S. Typhimurium during the summer could be caused by the increase of import of salad items 

and meat from abroad, as the turn in the weather often results in changing of eating habits, 

with more barbeques and salads for example. The same could be said for December and 

January with change in eating habits during the festive season, more families may choose to 

eat imported goose and duck for example and this could account for the isolated peak in 

outbreaks caused by S. Typhimurium in January (Figure 9). 

 

It should also be considered that S. Typhimurium 40 and NST are associated with cats and 

birds, so when the weather becomes warmer, birds become more active seeking nesting 
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material and mates and birds suffering Salmonellosis become easier to catch by cats. This 

cycle can result in Salmonella passing into cats, which can be passed onto humans, which is 

typically seen in the early spring months every year. Birds can also infect feed, which then 

infects livestock and the cycle continues. In addition when the weather becomes warmer, 

many birds including waterfowl migrate back to and through Sweden, which could be a factor 

for the increase in Salmonellosis from specific strain of S. Typhimurium NST. No conclusive 

evidence exists however and further studies will be necessary before a conclusive result can 

be stated.  

 

The foregoing apart, there is still evidence of outbreaks of salmonellosis during the winter 

months with a sizable peak in S. Typhimurium (Figure 9), with 6 outbreaks occurring in 

January during the years 1997-2008, two of which were traced to imported tahini paste and 

falafel. This supports the theory that the increased demands for more exotic foodstuff during 

the winter could be causing the increase in outbreaks occurring in the winter, as mentioned 

previously (Figure 3). In addition it could also suggest that the source of S. Typhimurium 

infection could be changing to include more vegetable based sources.   
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Conclusions 
 

There is no evidence of any significant overall increasing trend in domestic Salmonella 

infection in Sweden between 1997-2008. However, the overall incidence is not static, as 

increases in one serotype are balanced by corresponding decreases in another.  

 

There is an increase in the most common Salmonella serotype in Sweden S. Typhimurium, 

primarily in two of its most common phage types S. Typhimurium NST and NT. Further 

research will be necessary to determine whether the sources of these phage types are changing 

or if the trend is due to other reasons. 

 

Salmonellosis is most common in the summer however because incidences at other times of 

the year are highly variable an outbreak could occur at any time. The frequency of winter 

outbreaks is increasing, with 16 in years 2006-2008, in comparison to 13 between 1997-2005. 

This is possibly due to the increased importation of food from wider sources. 
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Recommendations for Further Studies 
 

A further analysis into the breakdown of S. Typhimurium NST and NT into respective 

patterns to reveal if there is a common source or evidence for a new phage type not found on 

the Colindale scheme. These could then be analysed to determine if a particular pattern is 

responsible for the observed increasing trend in S. Typhimurium NST and NT and if these 

can be linked to a changing source or seasonal pattern respectively (Table 5). 

 

Further analysis into the potential sources of Salmonella infection are necessary to determine 

whether certain serotypes such as S. Typhimurium are adapting to infecting food products 

other than meat. Concurrent research should include the identification of more of the sources 

of non-domestic serotypes introduced into Sweden to enable preventative action (Table 8). 

 

Finally, a collaborative project comparing human Salmonella data to animal data is necessary 

to determine if common sources can be found, for example to determine if there is evidence 

of similar increases in S. Typhimurium in general and for the phage types NST and NT in 

animal data (Table 3 and 5). NB It was not possible to do this comparison during this study, 

as the animal data was not available. 
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Appendix 
 

Tables of data 
 

Table for Figure 1 – Total number Salmonella cases and total number domestic Salmonella cases between 

1997-2008, including outbreaks 

 

Year Total number Salmonella cases Total number domestic Salmonella cases 

1997 4699 595 

1998 4594 453 

1999 5137 947 

2000 4845 679 

2001 4711 673 

2002 3890 818 

2003 3794 806 

2004 3611 525 

2005 3587 661 

2006 4056 1010 

2007 3937 945 

2008 4183 681 

 

 
Table of data for Table 5 – linear model for number cases of Salmonella from S. Typhimurium phage 

types 40, 104, NST and NT between 1997-2008. Also data used to plot Figures 6 and 7. 

 
Phage type 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 

40 5 5 6 21 10 3 22 17 5 5 16 8 

104 34 6 14 85 55 24 34 16 55 60 15 27 

NST 11 9 4 19 18 16 23 19 32 43 92 74 

NT 7 1 3 11 15 20 37 26 53 44 29 69 
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Table of data for Table 6 – linear model for number cases of Salmonella from S. Enteritidis phage types 4, 

8, 21, NST and NT between 1997-2008. Also data used to plot Figure 8. 

 
Phage type 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 

4 38 42 55 43 29 26 19 16 5 7 13 10 

8 14 17 155 16 18 8 24 8 6 10 18 6 

21 1 5 5 4 5 50 14 6 3 4 6 13 

NST 4 11 16 23 15 9 36 4 2 23 10 18 

NT 1 1 1 1 2 0 4 0 1 2 4 2 

 
Table of data for Figure 9 – Bar plot to show the sum of outbreaks between 1997-2008 per month for 

common serotypes S. Enteritidis and S. Typhimurium. 

 
Month S. Enteritidis S. Typhimurium 

January 1 6 

February 2 2 

March 1 4 

April 1 4 

May 2 4 

June 3 10 

July 2 12 

August 2 5 

September 0 5 

October 1 3 

November 2 4 

December 2 4 

 

 


