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Abstract

We report a foodborne outbreak of the previously undetected Cryptosporidium parvum gp60
subtype IIγA11. In December 2023, notifications of cryptosporidiosis cases increased in Sweden,
prompting the initiation of a national outbreak investigation, and a case–control study was
performed to identify the source. We identified 60 cases between 15 December 2023 and
1 January 2024. The median age was 44 years (range: 16–81), and 73% were women. Controls
were recruited from a national random pool; frequency was matched by age group and sex.
Compared to controls, cases weremore likely to have consumed items from salad bars in grocery
stores (8% vs. 85%; adjusted odds ratios [aOR]: 58; 95% confidence interval [CI]: 22–186). In
regards to food items from the salad bars, cases weremore likely to have consumed kalemix salad
compared to controls (62% vs. 32%; aOR: 3.6; 95%CI: 1.2–12). Trace-back investigations
identified kale producers from Sweden, Belgium, and Spain, but no particular grower was
identified, and no food samples were available for microbiological analysis. Our investigation
indicates that leafy greens such as kale may contain Cryptosporidium spp. and cause outbreaks
and it is important to understand how the contamination occurs to prevent future outbreaks and
apply adequate preventive measures.

Background

The protozoan parasite Cryptosporidium can cause disease in both humans and animals. In
humans, the disease usually presents with self-limiting watery diarrhoea. However, the infection
can be severe in immunocompromised and malnourished individuals [1]. The incubation period
varies between 2 and 10 days, with an average of 7 days [2]. In the European Union (EU) and
European EconomicArea (EEA), the yearly notification rate of cryptosporidiosis ranged from1.67
to 3.26 cases per 100,000 individuals from2018 to 2022 [3]. In Sweden, laboratory-confirmed cases
of cryptosporidiosis are notifiable by law. The yearly notification rate of cryptosporidiosis in
Sweden ranged from 5 to 10.5 cases per 100,000 individuals from 2018 to 2022, with a peak in 2019
due to several foodborne outbreaks [4]. Two large waterborne outbreaks occurred in Sweden
in 2010 and 2011 [5, 6]. Since 2016, most reported outbreaks in Sweden have been foodborne and,
to a lesser extent, due to direct contact with infected animals. All reported outbreaks from 2018 to
2022, except for an outbreak in a preschool caused byC.mortiferum, were caused by infectionwith
C. parvum. The most common suspected vehicles in foodborne outbreaks of cryptosporidiosis in
Swedenhave been green leafy vegetables such as spinach, kale, and arugula [4]. Several countries in
the EU/EEA, as well as the UK, have also reported outbreaks due to the consumption of
contaminated food items, such as lettuce mix in Finland in 2008, salad mix in Denmark
in 2005, and pre-cut salad leaves in the UK in 2012 [7, 8].

In the secondhalf ofDecember 2023, an unusually high number of cryptosporidiosis caseswere
reported to the Swedish notification system for notifiable communicable diseases (Sminet). Out of
21 counties in Sweden, 13 reported cases, and upon request from the Public Health Agency of
Sweden (PHAS), Cryptosporidium-confirmed DNA and/or faecal samples were sent to PHAS for
molecular typing. A novel subtype family and subtype of Cryptosporidium spp. (later named
C. parvum IIγA11) was detected, and a national outbreak was declared and an investigation was
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initiated to describe the outbreak and identify the source. The
outbreak investigation team included members from PHAS, the
Swedish Food Agency (SFA), and the affected regional departments
of communicable disease control and prevention (CDC). Here, we
describe the outbreak of the novel C. parvum IIγA11 and the results
of the investigation.

Methods

Descriptive epidemiology

Information on all laboratory-confirmed cryptosporidiosis cases
was collected from Sminet, including age, sex (male/female),
county, date of disease onset, and sampling date.

Outbreak case definition and case finding

A confirmed case was defined as an individual with laboratory-
confirmed cryptosporidiosis notified in Sminet typed to C. parvum
IIγA11, domestically acquired infection or unknown travel history,
and with the date of disease onset (or date of sampling if missing)
between 15 December 2023 and 1 January 2024. A suspected case
was an individual with laboratory-confirmed cryptosporidiosis noti-
fied in Sminet, with no typing performed, domestically acquired
infection or unknown travel history, and with the date of disease
onset (or date of sampling if missing) between 15 December 2023
and 1 January 2024.

The outbreak period was defined based on the first confirmed case
identified on December 18, which coincided with a rise in notified
cases from December 15. The period concluded after the last con-
firmed case onDecember 26, incorporating a 7-day incubation period
and a noticeable subsequent decrease in the number of reported cases,
ending on January 1. After this defined outbreak period, baseline
sporadic cases resumed, with two cases detected on January 3 and
January 9, which were confirmed to be of different subtypes.

Trawling questionnaire

The national Cryptosporidium trawling questionnaire is web-based
and used in routine investigations of notified cases by the regional
CDC departments. The results were also available to the outbreak
team at PHAS. The questionnaire includes information about symp-
toms relevant to gastrointestinal illness and possible exposures
within 14 days before the onset of disease, such as travel abroad
and the consumption of food items including ready-to-eat options
like salad bars in grocery stores, where customers can create their
own salads by choosing from a variety of greens and other salad
ingredients. The questionnaire further includes information about
visits to restaurants and cafes, grocery stores for food purchase,
contact with pets and farm animals, participation in events, and
swimming in recreational water and lakes. The exposure questions
are closed-ended questions with three (yes, no, or do not know) or
four (yes, probably, probably not, and no) options and with add-
itional open-ended questions about brand and place of purchase or
specific type of foods.

Case–control study

A case–control study was undertaken to explore the hypotheses
emerging from the trawling questionnaire that certain food items,
including specific dishes and ingredients served within salad bars,
were the vehicle of transmission. All cases, both confirmed and

suspected, who met the outbreak case definitions were included in
the study. Controls were recruited from a national random pool of
controls (n = 6,586, age > 16 years) available at PHAS. This pool is a
statistical selection by the Swedish Statistics Agency to represent
Sweden’s population [9]. We included 703 controls, assuming a
response rate of 50%, and randomly selected with frequency match-
ing at the group level for age group (16–39, 40–59, and > 60) and sex.

A web-based questionnaire was administered using Survey
Generator (Stockholm, Sweden). It included questions about
demographics (age, sex, and county), any gastro-enteric symp-
toms, travelling abroad, and food exposures selected based on
the frequency reported in the trawling questionnaires (including
consumption of salads and vegetables and eating from self-
administered salad bars in grocery stores). From themain provider
of salad bars to grocery stores in Sweden, we received a list of dishes
included in the salad bars. Some of the salad bar ingredients/dishes
were grouped together in the questionnaire, based on similarities
either biologically (involving the same ingredients) or practically
(being a challenge for responders to visually distinguish between
similar dishes). Cases additionally answered questions regarding
their symptoms and possible hospitalisation due to the Crypto-
sporidium infection. The questions were closed-ended with three
options for sections regarding clinical symptoms and travel history
(yes, no, or do not know) and four options for food exposures (yes,
probably, probably not, and no). Time frame was 14 days before
disease onset for cases and 14 days before answering the question-
naire for controls. The web-based questionnaire was administered
by the regional CDC for cases and by PHAS for controls and was
sent out on January 19, 2024.

Data analysis

Controls were excluded if they had experienced symptoms of
gastrointestinal illness or travelled abroad 14 days prior to answer-
ing the survey. To preserve statistical power, we addressed missing
values by substituting them with “no” in questions where no
options were selected for respondents who had systematically
indicated “yes” or “probably yes” but had not selected “no” or
“probably not” in the questionnaire.

This approach assumes that respondents only reported what
they had actually consumed and skipped reporting what they did
not consume. Options “yes” and “probably”were coded as exposed,
and “no” and “probably not” were coded as unexposed. The asso-
ciation between outcome (case/control) and exposures was first
assessed through univariable logistic regression. All exposures with
an odds ratio (OR) greater than 1 and a P value less than 0.20 were
included in the multivariable analysis. To reduce the number of
variables, we also decided to include only food items with an
exposure rate of at least 40% among the cases.

Two separate logistic models were fitted with case as an out-
come, calculating adjusted odds ratios (aOR) and 95% confidence
intervals (95% CI). In the first model, we included food exposures
including eating from salad bars in grocery shops as one variable
(yes/no) as exposures. In the secondmodel, we included the specific
ingredients/dishes of the salad bars as exposures. This model only
included individuals who had consumed food from these in-store
salad bars. The models were adjusted for age (as an integer vari-
able), sex, and county. The model was built using a backward
elimination process, keeping those variables/exposures with P value
<0.05 using a likelihood ratio test. The presence of confounding was
assessed by examining the effect on the coefficient of other variables
when adding a variable/exposure to themodel. If there was a change
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of ≥20%, the variable was regarded as a confounder and included in
the final model. Exposures that were excluded from the final model
were analysed and stratified by exposures remaining in the final
model to check for effect modification.

Chi-square tests were used to analyse potential differences in
clinical manifestations including fever (> 38 °C), vomiting, diar-
rhoea, nausea, and abdominal pain, between cases included in the
case–control study and Cryptosporidium cases notified in Sminet
from 2021 to 2022 who responded to the trawling questionnaire,
regardless of typing information.

Statistical analyses were performed using R version 4.3.1 (RCore
Team, 2023) in RStudio version 13.1.446 (RStudio Team, 2023).

Molecular and phylogenetic characterisation

A sample selection for molecular characterisation was made at
PHAS from the most affected counties and/or priority of samples
from cases who had responded to the trawling questionnaire. DNA
from faecal samples with sampling date within the outbreak period
was extracted using the magLEAD 12gC instrument supplied with
magDEA DX MV reagents (Precision System Science Co Ltd.,
Chiba, Japan). All extractions were performed according to the
manufacturer’s instructions. Prior to extraction, oocyst disruption
was accomplished by bead beating using a Bullet Blender (Techtum,
Sweden). Identification of Cryptosporidium species was done by
amplification of the small subunit rRNA (ssu rRNA) gene by PCR
followed by bi-directional sequencing of the PCR products [10,
11]. Subtyping was done by amplification of the 60 kDa glycopro-
tein (gp60) gene followed by bi-directional sequencing of the PCR
products using primers described by Alves et al. [12]. Editing and
analysis of sequences were done using CLC Main Workbench
(Qiagen, Aarhus, Denmark, version 21).

A phylogenetic tree was constructed using C. parvum reference
sequences from foodborne outbreaks linked to green leafy veget-
ables in Sweden as well as known Cryptosporidium species and

subtypes detected in Sweden retrieved from the NCBI GenBank
database, and analysis was performed on the novel gp60 DNA
sequence generated in this investigation. A phylogenetic tree was
generated using the neighbour-joining method based on Kimura’s
2-parameter model [13]. To estimate robustness, bootstrap pro-
portions were computed after 1000 replications. All analyses were
conducted in MEGA XI (accessed on 9 February 2024).

Trace-back investigation

In Sweden, there is one major producer of these salad bars. In
collaboration with the competent authority of the salad bar sup-
plier, SFA carried out a trace-back investigation of the implicated
products based on the results of the case–control study.

Results

Descriptive epidemiology

In total, 60 cases were identified as outbreak cases, of which 13 were
confirmed and 47 suspected. The median age was 44 (range 16–
81 years), 73% were women (Figure 1). The majority of cases (61%)
were women between 20 and 59 years. Among the 21 counties in
Sweden, 13 notified cases, with the highest numbers in two counties
located in the southern region of Sweden (Jönköping 7.3 and Hal-
land 5.3 cases per 100,000 inhabitants). Confirmed cases were
detected in six counties. The onset date of disease ranged from
17 to 31 December 2024, with a peak observed between 22 and
25 December (Figure 2).

Clinical manifestations

The most frequent symptoms reported among cases in the study
questionnaire (n = 34) were diarrhoea (100%), nausea (88%), and
abdominal pain (79%) with no significant differences compared to

Figure 1. Number of suspected (n=47)and confirmed (n=13) Cryptosporidium outbreak cases, Figure 3by age group and sex in Sweden between 15 December 2023 and 1 January
2024 (n=60).

Epidemiology and Infection 3

https://doi.org/10.1017/S0950268824001432 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268824001432


historical cases from 2021 and 2022 (n = 287). However, fever (76%;
P < 0.01) and vomiting (56%; P < 0.01) were more common among
cases with C. parvum IIγA11 compared to historical cases. The
hospitalisation rate reported among cases with C. parvum IIγA11
was 32%, with a median age of 32 years (historical data not
available).

Trawling questionnaire

The trawling questionnaire had 38 responders, and the result
showed that the majority of cases had eaten from salad bars in
grocery stores (70%), as well as the following food items: tomato
(82%), cucumber (81%), onion (61%), minced beef (55%), iceberg
lettuce (53%), and spinach (50%). Exposure to kale was not
included in the trawling questionnaire.

Case–control study

In total, 34 cases (8 confirmed and 26 suspected) and 422 controls
completed the study questionnaire, resulting in response rates of
57% and 60%, respectively. Fifty-four controls were excluded. As a
result, 368 controls were included in the analysis. Characteristics of
cases and controls are presented in Table 1.

The results of the univariate analysis are presented in
Supplementary Table 1. The results of the first model showed that
cases were more likely to have consumed food from grocery store
salad bars compared to controls (aOR: 58, 95% CI: 22–186)
(Table 2). For items included in the first model, it was not possible
to determine from the questionnaire whether food items such as
kale, spinach, and iceberg lettuce were purchased from a store shelf,
consumed from the salad bar, or elsewhere. The second model,
which examined the consumption of specific dishes from the
grocery store salad bar, showed that cases were more likely to have
consumed kale mix salad compared to controls (aOR: 3.6, 95% CI:
1.2–12.2).

Molecular characterisation and phylogenetic analysis

A total of 20 samples were selected formolecular typing, out of which
13 samples were of the novel subtype family and subtype C. parvum
IIγA11 (confirmed cases). Remaining seven samples were C. parvum
subtypes IIaA15G2R1 (n = 1), IIaA17G1R1c_variant (n = 1), and
IIdA20G1e (n = 4). For one sample, the subtyping was unsuccessful.
These samples (n=7)were excluded from the analysis. Representative
nucleotide sequences, gp60 and ssu rRNA, of the novel subtype family
and subtypeC. parvum IIγA11were submitted to theNCBIGenBank
database under the following accession number PP157591 for gp60
and PP328976 for ssu rRNA. The novel gp60 sequence did not cluster
with any of the previously reported subtypes of foodborne outbreaks
where green leafy vegetables were the suspected source of contamin-
ation. Instead, the closest sequence matches were C. parvum
IIoA16G1 and IIoA13G1 (Figure 3).

Figure 2. Number of suspected (n=47) and confirmed (n=13) Cryptosporidium outbreak cases by date of disease onset in Sweden between 15 December 2023 and 1 January 2024.

Table 1. Characteristics of cases and controls in a case–control study of the
Cryptosporidium outbreak in Sweden between 15 December 2023 and 1 January
2024

Characteristic

Cases (n = 34) Controls (n = 368)

n % n %

Age group 16–39 16 47 144 39

40–59 14 41 149 40

60–100 4 12 75 20

Sex Female 27 79 260 71

Male 7 21 108 29

County South of Sweden 31 91 263 71

Middle of Sweden 3 9 83 23

North of Sweden 0 0 23 6

Note: Number and percentage of cases (n = 34) and controls (n = 368) per age group, sex, and
county.
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No batches of food items were left to be analysed when the
potential source of the outbreak was identified.

Trace-back investigation

Based on the results of the case–control study, the trace-back
investigation focused on kale in kale mixed salad from salad bars.

One food processing company in Sweden delivered all salad prod-
ucts, including kalemixed salad, to salad bars in grocery stores. This
company received kale several times a week, with total quantities of
about three to four tons per week. During November and the
beginning of December 2023, kale was almost exclusively produced
by one single grower in Sweden. However, fromDecember 11, there
was a shift to deliveries from other growers in Sweden, Spain, and

Figure 3. Phylogenetic relationships between C. parvum IIγA11 from the Cryptosporidium outbreak in Sweden between 15 December 2023 and 1 January 2024 (filled circle)
andsequences from foodborne outbreaks linked to green leafy vegetables in Sweden, known Cryptosporidium spp. and subtypes detected in Sweden and closest sequence match
to C. parvum IIγA11 retrieved from the NCBI GenBank database.

Table 2. Results from univariable and multivariable logistic regression models in a case–control study of the Cryptosporidium outbreak in Sweden between 15
December 2023 and 1 January 2024.

Exposure Cases (n = 34) Controls (n = 368) Univariable Final model, adjusted for age and sex

Model 1 n % n % OR 95% CI P value aOR 95% CI P value

Salad bar 29 85 28 8 70.4 23.9–244.8 <0.001 57.8 21.8–186.0 <0.001

Kale 19 56 84 23 4.3 2.0–9.5 <0.001 Not includeda

Spinach 18 53 143 39 1.8 0.8–3.8 0.143

Iceberg 20 59 173 47 1.6 0.8–3.6 0.212

Model 2 (salad bar) Cases (n = 29) Controls (n = 28) Univariable Final model, adjusted for age and sex

n % n % OR 95% CI P value aOR 95% CI P value

Kale mix salad 18 62 9 32 3.5 1.0–11.9 0.034 3.6 1.2–12.2 0.03

Pico de gallo 13 45 5 18 3.7 1.0–15.8 0.045 Not includeda

Kale tabbouleh 11 38 4 14 3.7 0.9–18.0 0.07

Pepper 12 41 5 18 3.3 0.8–13.8 0.082

Red onion 18 62 11 39 2.5 0.8–8.4 0.114

Tomato 17 59 10 36 2.6 0.8–8.5 0.114

Note: Number and percentage exposed, odds ratio (ORs) from univariable logistic regression models and adjusted OR (aOR) from multivariable logistic regression models adjusted for age and
sex.
aNot significant when fitting the final model.
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Belgium. It was not possible to link kale from any specific grower as
the likely source of the outbreak.

Outbreak control measures

PHAS posted information regarding the outbreak on their website
on 18 January 2024, providing weekly updates until the outbreak was
officially declared over on 16 February 2023. The company respon-
sible for delivering salad bars to grocery stores was contacted by SFA
and recommended to investigate the routine measures for washing
vegetables. An urgent inquiry for cases in other European countries
was posted on EpiPulse on 19 January 2024 (2024-FWD-00003).
None of the five countries who responded to the inquiry had experi-
enced an increase in the notification rate of cryptosporidiosis.

Discussion

The national outbreak of cryptosporidiosis occurred in December
2023 in Sweden and involved 60 cases, suspected and confirmed,
which were largely concentrated in two counties in the south. The
peak (shape) of the epidemic curve indicated a fresh produce with
short shelf life as a potential vehicle of the outbreak. The trawling
questionnaire indicated a vegetable source, which also was the
finding in the case–control study where the results showed that
consumption of food items from salad bars in grocery stores could
account for 85% of the cases, with kale mix salad within the salad
bar dishes explaining 62% of cases. One limitation could be the
misclassification of “yes” as “no” due to replacing missing answers
with “no,” potentially leading to an underestimation of the effects of
the exposures. However, there were no missing answers for the
question regarding the exposure consumption from salad bars.

The outbreak was most likely caused by kale mixed salad from
salad bars in grocery stores. Since 2018, 17 outbreaks have been
reported in Sweden, and in 65%, green leafy vegetables, especially
kale but also arugula and salad mixes, were the suspected vehicle of
infection [4]. No outbreaks due to contaminated drinking water or
recreational water have been reported in Sweden since 2016 [4].

We detected a novel subtype family and subtype, C. parvum
IIγA11. The subtype IIoA16G1, one of the two closest sequence
matches, was first identified in a Swedish human case who had
travelled to Thailand and it has additionally been identified in four
cases of HIV-infected patients in Thailand [14, 15]. The other
closest sequencematch IIoA13G1 has been identified in one human
case in New Zealand in 2019 [16]. The subtype family IIo has also
been detected in bamboo rats (Rhizomys sinensis) in China
[17]. Clinical manifestations of this outbreak differed in some
respects from previously notified cryptosporidiosis cases. Infection
with this novel subtype exhibited a higher frequency of fever and
vomiting. The hospitalisation rate of cases in this outbreak, as
reported in the questionnaire, was higher (32%) compared to a
previous study on cryptosporidiosis cases in Sweden from 2006 to
2008, which reported a hospitalisation rate of 15%, regardless of
species/subtype and travel history [14]. Identification of new spe-
cies and subtypes of Cryptosporidium has accelerated in recent
years and knowledge of the mechanisms behind the emergence of
new subtypes with potential public health impact is critical for
understanding cryptosporidiosis epidemiology and for outbreak
investigations [18].

Foodborne outbreaks of cryptosporidiosis are notoriously difficult
to investigate due to the long incubation period of the infection and

thus often no food items are left in stores to analyse. This is not
uncommon in outbreaks where green leafy vegetables are the sus-
pected source since they are freshly produced or quickly consumed or
discarded and thus limiting the possibility of sampling and analysis.
Further, if sampling is possible, analysis of Cryptosporidium is chal-
lenging in matrices including vegetables with few existing standar-
dised protocols, although there is amicroscope-based ISOmethod for
analysing leafy greens [19]. Concerning food safety, green leafy
vegetables are a particular challenge since they are served raw, and
as such, microbiological hazards are significant [20].

Outbreak investigations of cryptosporidiosis are likely to be sub-
ject to recall bias, partly due to the long incubation period, which
could lead tomisclassification of exposure aswell as posing difficulties
in source tracing. Recall bias is also likely to be more pronounced
when asking about food consumed in buffets due to the extensive
variety of dishes typically available. It is plausible that respondent’s
answers reflect their usual selections from salad buffets rather than
precise recollections of the timing associated with their illness. Add-
itionally, the timing of the questionnaire administration is a potential
bias. Both cases and controls were given the questionnaire in mid-
January, but cases were asked to recall their food intake from 2 weeks
before disease onset, which corresponded to mid-December, while
controls reported on their food intake for the last 2 weeks before
answering the questionnaire. We considered asking controls about
their food intake during the same period as the cases to minimise this
time discrepancy.However, we determined that asking controls about
a more recent period would likely yield more accurate information.
This decision was made with the understanding that salad buffet
choices are generally habitual, reflecting typical consumption pat-
terns, and thus less likely to be significantly influenced by seasonal
events such as Christmas or end-of-semester activities.

Kale was identified as the salad bar item associatedwith cases. As
previously mentioned, kale has been linked to past outbreaks of
cryptosporidiosis, possibly attributed to its cultivation above soil
level and challenges in thorough washing. Raw green leafy veget-
ables, especially kale, may pose a health risk to consumers, and as
such, the prevention of contamination should be emphasised
throughout the production chain.

In general, there is a lack of widespread and systematic geno-
typing to detect species and link cases, as well as a lack of suitable
methods for testing food items and thus linking them to cases. This
lack of resources andmethodologies hampers proper investigations
and public health interventions in foodborne outbreaks of crypto-
sporidiosis.

Conclusion

Our multidisciplinary investigation suggests that salad bars in
grocery stores and particularly kale mix salad from the salad bars
were the sources of this outbreak of a novel subtype family and
subtype, i.e. C. parvum IIγA11. This new subtype with potential
different clinical manifestations should continue to be monitored.
We did not obtain microbiological confirmation from food items
due to the short shelf life and the long incubation period of
cryptosporidiosis. Kale and other green leafy vegetables are often
consumed raw, which poses challenges for ensuring food safety
throughout the production chain. This investigation, along with
previous ones where kale was the suspected source of contamin-
ation, indicates that despite safety procedures in the production
chain, Cryptosporidiummay still contaminate these products lead-
ing to outbreaks and posing a public health risk.
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Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/S0950268824001432.
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