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In the Valencian Community (Spain), the programme
of maternal pertussis vaccination during pregnancy
started in January 2015. The objective of this study
was to estimate in this region the vaccine effective-
ness (VE) in protecting newborns against laboratory-
confirmed pertussis infection. A matched case—control
study was undertaken in the period between 1 March
2015 and 29 February 2016. Twenty-two cases and 66
controls (+/-15 days of age difference) were included
in the study. Cases were non-vaccinated infants<3
months of age at disease onset testing positive for
pertussis by real-time PCR. For every case three unvac-
cinated controls were selected. Odds ratios (OR) were
calculated by multiple conditional logistic regression
for association between maternal vaccination and
infant pertussis. Other children in the household, as
well as mother- and environmental covariates were
taken into account. The VE was calculated as 1-OR.
Mothers of five cases (23%) and of 41 controls (62%)
were vaccinated during pregnancy. The adjusted VE
was 90.9% (95% confidence interval (Cl): 56.6 to 98.1).
The only covariate in the final model was breastfeed-
ing (protective effect). Our study provides evidence in
favour of pertussis vaccination programmes for preg-
nant women in order to prevent whooping cough in
infants aged less than 3 months.

Introduction

Pertussis persists as an infection of global public
health importance. Many countries with long-standing
vaccination programmes have reported a resurgence
of pertussis, despite sustained high vaccine coverage

[1-4].

In October 2012, the United States and United Kingdom
became the first countries recommending that pertus-
sis-containing vaccine (tetanus, diphtheria, acellular
pertussis (Tdap)) should be routinely offered to women
in every pregnancy [5]. Tdap immunisation during ges-
tation is thought to augment the transplacental trans-
fer of pertussis-specific 1gG [6]. This process may be
affected by multiple factors including placental integ-
rity, total IgG concentration in maternal blood, time of
immunisation, and time elapsed between immunisa-
tion and delivery.

Although there is no generally accepted level of per-
tussis-specific antibodies that would confer protection
against infection [7], results reported from some coun-
tries since 2012 [8], on maternal pertussis immunisa-
tion at any time before or after pregnancy improving
protection of very young children are encouraging. On
the other hand, we do not have a correlate for protec-
tion for all vaccines, but can still demonstrate that they
offer protection in field studies.

Since January 2015, the Valencian Community’s
General Directorate of Public Health has recommended
that pregnant women be offered a single dose of Tdap
vaccine between 27 and 36 weeks of gestation, as a
measure to temporarily protect infants in a period fol-
lowing birth and before these infants receive vaccina-
tion according to the schedule.

The main objective of this study was to estimate, in our

region, the pertussis vaccine effectiveness (VE), when
given to pregnant women, in protecting newborns
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FIGURE 1

Cases of pertussis among newborns, by month of symptom onset, Valencian Community, Spain, 1 March 2015-29 February

2016 (n=22)
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against laboratory-confirmed pertussis infection using
a case—control study design.

Methods

Setting and study

Whooping cough is a notifiable disease in Spain.
Notified cases do not necessarily have to be PCR lab-
oratory-confirmed, but confirmation by this method
frequent. The current recommended infant schedule
is: one dose of vaccine at 2 months-old, a second at
4 months-old, a third at 6 months-old, and a fourth at
18 months-old, with a final dose between the age of 5
and g years.

A prospective matched case-control study was car-
ried out through one year in a dynamic population.
The study covered the whole territory of the Valencian
Community (5 million inhabitants).

Participants

All unvaccinated pertussis infants notified in the
Valencian Community during the study period had
been PCR-laboratory-confirmed. Cases were defined as
unvaccinated infants less than 3 months-old, with per-
tussis microbiological confirmation by PCR. They were
identified from a computerised mandatory notification
system (AVE, Andlisis de Vigilancia Epidemiol6gica)
from 1 March 2015 until 29 February 2016.

For every case three paired controls by age, with an
age difference of less than 15 days, were included.
Two of these three controls were infants who had con-
sulted the same paediatrician/family doctor practice
as the case, and had presented to this practice either
for a routine assessment or for a consultation due to
ill-health. In order to avoid a possible overmatching in
this setting, we selected a third control fulfilling the
same criteria as the prior described controls, but from
the maternity clinic where the case was born. Like the
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cases, controls were unvaccinated. Absence of whoop-
ing cough in controls was confirmed by checking clini-
cal records and by phone interviews with parents and
paediatricians/family doctors. The children with any
previous episodes of cough and bronchiolitis were
excluded.

Sample size

Taking as reference, 17% vaccination of the mothers
among the cases [9], with a vaccine effectiveness of
90% and a statistical power of 80%, the number of
children needed for the study was 52 (13 cases and 39
controls).

Information on participants

Information from cases was obtained from paediatri-
cians and parents either by face-to-face interviews
during the period of their hospitalisation, or by phone,
for cases who were not hospitalised, to avoid misclas-
sification. Information from matched controls was
collected less than 5 days after case notification by
trained nurses. A questionnaire elaborated specifically
for the study was used to collect medical information
and exposure risks from child, mother and environ-
ment in both groups.

Presence or absence of disease in the newborn and vac-
cination of the mother during the pregnancy were the
main variables. The vaccination status of all mothers in
the study was verified in the Register of Vaccinations
of the Valencian Community; we collected vaccination
dates. Using the same register, it was also checked
that none of the cases and controls were vaccinated.

Case-control study

Risk covariates were classified in three groups: (i)
Children covariates: date of birth, age in days, sex,
city of residence, birth weight, Apgar test, breastfeed-
ing; (i) Mothers’ covariates: age, pregnancy week of
the childbirth, precedent of whooping cough disease



FIGURE 2

Vaccine effectiveness and 95% confidence interval in function of the origin of the controls, Valencian Community, Spain, 1

March 2015-29 February 2016 (n=2388)
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VE: vaccine effectiveness; Cl: confidence interval.

2 Global: controls either respectively consulted at the same paediatrician/family doctor practice as the cases, or were born at the same

respective maternity clinic.

® Paediatrician practice: controls consulted the same the paediatrician/family doctor practices where the respective cases presented.

¢ Maternity clinic: controls were born at the same maternity clinic as the respective cases.

4 The conditional model in the maternity subgroup did not converge, due to small sample size, and does not give odds ratios.

during the 10 previous years, precedent of whooping
cough vaccine during the 10 previous years, immi-
grant background, level of education (low: elementary
school; middle: secondary school; high: university) and
employment status (employed vs unemployed); (iii)
Environmental covariates: number and age of relatives
in the household, number of them at school, smoking
habits of the parents at home.

Simple and adjusted odds ratios (OR) were calculated
by means of logistic conditional regression. Simple OR
were first calculated. Variables potentially associated
with pertussis in the newborn (i.e. with a p value < 0.10)
were subsequently entered in a stepwise multivariate
model, in which the variable with lowest p value at
each step was removed, to produce a final model.

The vaccine effectiveness (VE) was calculated as
1-OR. Estimations and 95% confidence intervals were
obtained using the STATA version 12 package.

To investigate how the VE varies depending on the set-
ting from where controls were recruited, the VE was
also calculated (i) with cases and controls paired by
paediatrician/family doctor practice, or (ii) with cases

and controls paired by maternity ward/clinic. Cases are
the same in each sub-analysis, but their matched con-
trols either originated only from the paediatric/family
doctor practice where cases presented for treatment,
or only from the maternity clinic where cases were
born. When sample size was limited, exact methods of
logistic regression stratifying for number of pair were
applied.

In order to examine with more detail a possible inter-
action effect between breastfeeding and vaccination, a
stratified analysis was carried out.

Ethical issues

Informed consent was obtained from all participants
before the interview. The principal researcher consulted
with the Ethics Committee of the Health Department of
the Valencian Community, which approved the study.

Results

All cases took part in our study. One control from the
maternity group did not participate and was replaced
with another one chosen among infants who had
consulted at same paediatrician/family doctor prac-
tice as the case it was paired with. Moreover, during
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TABLE 1

Characteristics of the participants® in the case—control study to assess the effectiveness of pertussis vaccination during
pregnancy on newborns, and univariate analysis results, Valencian Community, Spain, 1 March 2015-29 February 2016
(n=88 participants)

. L. Controls OR simple
Characteristic (n=66) (95% CI)
Mother vaccinated 5 41 © 01(;'?082 371) 0.001
. 0.932
Sex (girls) 10 29 (0331 ?g 2.62) 0.895
Birthweight mean (g) 3,291 3,180 © 99;'?:1 002) 0.226
Birthweight <2,500 g 2 1 © 0105'1“‘;61 83) 0.143
. . 0.868
Gestation weeks at birth (mean) 38.4 38.7 (0.634 t0 1.19) 0.378
A 1.69
pgar <10 (percentage) 10 23 (0.576 t0 4.94) 0.339
Infant formula 11 17 1 NA
. . 0.646
Feeding BTl el 4 9 (0.158 to 2.64) 0:543
. 0.227
Breastfeeding 7 40 (0.066 t0 0.775) 0.018
Breastfeeding (yes/no) 7/15 40/26 0-259 0.023
(0.081 10 0.832) :
Foreign mother 3 9 1.00 1.000
(0.202 t0 4.95) :
Mother‘s age: mean (years) 32.6 33.4 (o 8;é9t%81 07) 0.521
Educational level® 14 24 a 1:{3% 43) 0.033
Mother’s position® 8 27 © 7104?242 19) 0.714
Mean number of cohabitants in the participant’s household 3.14 2.73 © 912'?32 31) 0.114
Mean number of adults (>14 years-old) cohabiting in the participant’s household 2.14 2.08 © 5181.t1072 66) 0.701
Mean number of 10-14 year-olds cohabiting in the participant’s household 0.18 0.14 © 402'?54 28) 0.641
Mean number of 5—9 year-olds cohabiting in the participant’s household 0.32 0.21 © 60213.?013 26) 0.424
Mean number of 0—4 year-olds cohabiting in the participant’s household 0.50 0.26 © 992'%;’7 67) 0.051
Schoolchildren of 3—11 years-old cohabiting with the participant in the 16 32 4.34 0.032
participant’s household (1.13 t0 16.6) :
Habit of smoking at home 3 8 © 27;':;'4 75) 0.853
Cl: confidence interval; NA: not applicable.
2 Participants included newborns unvaccinated for pertussis, who were less than 3 months-old.
® Comparison was done by conditional logistics regression.
¢ Yes: exclusively breastfeeding; No: mixed feeding (formula and breastfeeding) or formula feeding.
4 Reference for equation: middle—low.
¢ Reference for equation: unemployed mother.
the process of identifying controls, between two and Characteristics of participants
three control infants per case were excluded on the Overall a total of 22 cases were identified, most of
asis of recent cough/bronchiolitis according to clini- em during the first half of the stu eriod (Figure 1).
b f t h/b hiolit ding to cl them d the first half of the stud d(F )
cal records. However, subsequent to these exclusions,
we could still interview three controls for each case (66 Of 22 cases, 18 were hospitalised. The mean of age of
controls). cases was 46 days (range 10 to 82 days). The demo-

graphic characteristics and the OR estimated for
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TABLE 2

Result of successive multivariate analysis of potential factors associated with pertussis in newborns, Valencian Community,
Spain, 1 March 2015-29 February 2016 (n=88)

Model 12 Model 2? Model 32
Characteristic Adjusted OR P value Adjusted OR P value Adjusted OR
(95% CI) (95% CI) (95% CI)
. 0.127 0.116 0.091
Mother vaccinated (0.025 to 0.658) 0.014 (0.024 t0 0.567) 0.007 (0.019 0 0.434) 0.003
. 0.365 0.350 0.301
Breastfeeding (0.095 t0 1.40) 0.141 (0.092 to 1.32) 0.121 (0.079 to 1.15) 0.080
. . b 2.17 2.44 . )
Schoolchildren in the household (0.397 0 11.9) 0.370 (0.484 10 12.3) 0.280 NA NA
Educational levelt 133 0.675 NA? NA? NA? NA?
(0.347 t0 5.13)

NA: not applicable.

2 The variable with the highest p value in each consecutive model (1, 2, etc.), was removed in the next model.

® Schoolchildren include children aged 3 to 11 years.
¢ Reference for equation: middle—low.

variables hypothesised to be associated with pertussis
are shown in Table 1.

Mothers of five cases compared to mothers of 41 con-
trols were vaccinated. All vaccinated women had their
vaccine administered between weeks 28 and 36 of
gestation, and 15 to 89 days before childbirth. The
proportion of vaccinated mothers increased during the
study period from 24 of 59 in the first half of the study
to 22 of 29 at the end (p value = 0.003). No mother
had been vaccinated or affected by whooping cough
during the previous 10 years. Among highly educated
mothers 31 of 50 were vaccinated; among low, 15 of
38 (p value=0.030). Among highly educated mothers,
30 of 50 were breastfeeding; among low, 17 of 38 (p
value=0.197).

The simple OR of vaccination in pregnancy was 0.080
(95% confidence interval (Cl): 0.017 to 0.371). Other
variables with statistically significant association
were: breastfeeding, level of education and presence
of children under 15 years-old in the home.

Adjusting by these variables at the beginning (Model 1,
Table 2) and eliminating those which lost statistical sig-
nificance, only vaccination and breastfeeding remained
related with the protection against whooping cough
(Model 3, Table 2). The adjusted VE did not change sub-
stantially, being 90.9% (95% Cl: 56.6 to 98.1) for the
final model. The interaction between vaccination and
breastfeeding in the model with both variables was
not significant (p value=0.132). The replacement of the
variable breastfeeding by a dummy variable with three
categories did not modify the results.

Results obtained from the sub-studies with controls
who only originated from the same paediatrician/fam-
ily doctor practice as the cases, or with controls only
coming from the maternity clinics where the cases

were born, also showed a protective effect of vacci-
nation but with small differences between them. The
conditional model in the maternity subgroup did not
converge, due to small sample size, and does not give
ORs (Figure 2).

In spite of the fact that the interaction between vaccine
and type of feeding in the whole sample was not sta-
tistically significant, we carried out an analysis taking
as reference newborns with non-vaccinated mothers
and artificial feeding, excluding newborns with mixed
feeding (13 children) as shown in Table 3. Mother vac-
cination during pregnancy has a VE of 95.4% and the
VE improves slightly with breastfeeding, i.e. to 96.7%.
Finally we observed a protective effect of the breast-
feeding among children from non-vaccinated mothers,
i.e. a VE of 83.4%, but with wide confidence intervals.

Discussion

Two aspects stand out in this study: First and more
importantly, we have observed a high effectiveness of
the pertussis vaccine. Around 90% of the cases in new-
borns under 3 months-old might be avoided by vacci-
nating their mother in the third trimester of pregnancy.
Second, the results also suggest a possible protective
effect of breastfeeding in the absence of vaccination.

The magnitude of the VE in this study is in agreement
with two previous studies, which report VEs of 91% [10]
and 93% [9]. Armirthalingam et al. [10] found a VE of
only 38% when they restricted their analysis to vacci-
nated mothers 0-6 days before childbirth or 1-13 days
later. In our study all the mothers were vaccinated at
least 2 weeks before the childbirth.

We had complete information on all the cases selected
for the study and their paired controls, which allowed
us to analyse by conditional logistic regression. Our
results showed a strong protective effect of maternal
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TABLE 3

Assessment of vaccine effectiveness in function of breastfeeding or artificial feeding by means of conditional logistic
regression model, Valencian Community, Spain, 1 March 2015-29 February 2016 (n="75)

. . Cases Controls OR - 3
Vaccine status of mother and type of feeding (n = 18) =) (95% CI) Pvalue Effectiveness (95% Cl)
Non-vaccinated and artificial feeding 9 6 1 Ref Ref
Non-vaccinated and breastfeeding 4 15 © 0107.1tg61 65) 0.126 (-6?%(')49/08 3)
Vaccinated and artificial feeding 2 11 © 00(;‘?043 639) 0.022 (36915t'(?§9 7)
Vaccinated and breastfeeding 3 25 © 00‘;’?033; 361) 0.005 ©3 996t‘g :9 7)

Cl: confidence interval; OR: odds ratio; ref: reference.
Newborns with mixed feeding excluded.

vaccination once adjusted for type of feeding of the
newborn, without observing a degree of substantial
confounding from other variables. The estimations of
the VE obtained with conventional methods of uncon-
ditional logistic regression were slightly lower (data not
shown).

We agree with Dabrera et al. [9] that the estimated
effectiveness could be a combination of direct biologi-
cal effect, produced by the antibodies that the mother
transfers to her child, with the indirect protection due
to the reduction of the risk of domiciliary transmission
from the mother who is protected against whooping
cough. The possible protective effect of breastfeed-
ing may originate from natural components of breast
milk or specific anti-PT IgA produced by the mother as
a result of vaccination, since concentration is high in
colostrum and lasts at least until the eighth week post-
partum [11].

We acknowledge that there are limitations of our obser-
vational study, since the comparability of the groups
could be compromised. The mothers who choose to be
vaccinated can present features different from those
who do not do it [12]. In fact, the women who got vac-
cinated during pregnancy, tended to also follow the
vaccination schedule more thoroughly for their previ-
ous children too. This could introduce a protection bias
following the effect of maternal vaccination. In order to
control for confounding, several multivariate sequen-
tial analyses were carried out. According to the study
of Quinn et al. [13], exposure to cohabiting school chil-
dren and level of educational attainment of mothers
were associated with whooping cough in infants. In our
study, this was only observed in the simple analysis,
but not in the multivariate one. There could be other
confounders that we have not evaluated. Among them
could be the maternal antibody level at the beginning
of pregnancy [14], or some genetic polymorphisms
linked with vitamin D [15].

With regard to the eventual modification of effect influ-
enced by the type of feeding, it would be necessary to
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have a sufficient number of children in every stratum
to analyse this aspect with more precision. Our results
suggests that breastfeeding should be a factor to be
considered in the future, in other studies with a larger
sample size and this starting hypothesis.

In this study, all unvaccinated cases less than 3 months-
old, who were notified to the AVE, were included, gen-
erally covering the whole autonomous community.
We cannot exclude some bias in case ascertainment,
because milder cases are frequently missed by health-
care systems. In our study, 18 of the 22 reported cases
were hospitalised, reflecting the high proportion of
infants diagnosed with pertussis who are treated at the
hospital. The response rate in our study was 100%, so
we believe that there is no risk of bias of selection by
non-response.

An interesting aspect is that, a progressive decrease
of the incidence of cases in children less than 3
months-old was observed (16 of 22 cases in the first
half of the year) along the study period. This could be
consequence of the gradual vaccination programme
implementation in pregnant women during the period,
supporting the hypothesis of its effectiveness. But in
the absence of data from other age groups, this evolu-
tion cannot be directly attributed to vaccination. Also,
the duration of the study, one year, does not allow to
rule out a seasonal effect.

We think that the robustness of the study rests on the
quality of the information from principal variables. All
cases were confirmed by clinical microbiological tests.
Recent medical records were reviewed for controls
avoiding children with whooping cough symptoms,
among those not diagnosed. For both mothers of cases
and controls vaccination status was verified and the
dates of vaccine administration were obtained.

In spite of existing limitations, we believe that our
findings offer results with sufficient internal valid-
ity, the results agree with other published papers and
have biological plausibility. We have observed, while



reducing several of the possible biases, a robust asso-
ciation between vaccination during pregnancy and
whooping cough.

Our results, from an external validity perspective, could
be implemented for pertussis prevention in infants less
than 3 months-old. We have neither investigated effec-
tiveness on a middle or long-term in older children, nor
possible interference of the mother’s vaccination when
children will be vaccinated with three doses during the
first year of life (2, 4 and 6 months-old) [16].

Finally, at a time in which whooping cough presents
new epidemiological features and new challenges for
its control [17], our study, together with others recently
published in other contexts [18-20], provide enough
evidence in favour of the implementation of vaccina-
tion programmes for pregnant women in order to pre-
vent whooping cough in infants.
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A food-borne outbreak of gastroenteritis with more
than 650 suspected cases occurred in April 2016 in
Sollentuna, Sweden. It originated in a school kitchen
serving a total of 2,700 meals daily. Initial microbiolog-
ical testing (for Campylobacter, Salmonella, Shigella,
Yersinia, Giardia, Cryptosporidium, Entamoeba his-
tolytica, adeno-, astro-, noro-, rota- and sapovirus)
of stool samples from 15 symptomatic cases was
negative, despite a clinical presentation suggestive
of calicivirus. Analyses of the findings from both the
Sollentuna municipality environmental team and a
web-based questionnaire suggested that the source
of the outbreak was the salad buffet served on 20
April, although no specific food item could be identi-
fied. Subsequent electron microscopic examination of
stool samples followed by whole genome sequencing
revealed a variant of sapovirus genogroup V. The virus
was not detected using standard PCR screening. This
paper describes the epidemiological outbreak investi-
gation and findings leading to the discovery.

Introduction

Sapovirus causes acute gastroenteritis in humans and
belongs to the Caliciviridae family, along with norovi-
rus and three other genera [1]. Since the virus was first
described in 1976, it has been studied and sapoviruses
pathogenic to humans are currently classified into four
genogroups [1]. Sapovirus has a worldwide distribu-
tion and is a common cause of sporadic gastroenteri-
tis [2-4]. Outbreaks may occur in different settings
throughout the year, although the reported outbreaks
are fewer than for norovirus. Prevalence is highly
variable without any apparent geographical pattern.
Prevalence and genotype distribution have shifted over
time [5]. Food-borne transmission has been suspected
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on several occasions [6-8]. A recent summary and anal-
ysis of reported food-borne outbreaks in the European
Union in 2011 estimated that viruses were the cause
in 13% of those outbreaks in which a causative agent
was verified or where such outbreaks were associated
with sufficient solid data to be categorised as viral
outbreaks supported by strong evidence; a majority of
these (98%) were caused by the Caliciviridae family,
specifically noroviruses [9].

On the weekend of 22—-24 April 2016, a suspected out-
break of gastroenteritis among students and teachers
at four schools in Sollentuna, Sweden, was reported to
the municipality of Sollentuna. The initial report stated
that more than 5o students and teachers were ill. The
Sollentuna municipality environmental team notified
the Department of Communicable Disease Control and
Prevention in Stockholm on 25 April. All schools in
Sollentuna, as well as some outside the municipality,
received food from the same central school kitchen,
based in one of the affected schools. An outbreak con-
trol team was set up to investigate the magnitude of
the outbreak and to identify the causative agent of the
gastroenteritis in order to localise the source of the
outbreak. This report describes the epidemiological
investigation and findings, as well as the implemented
control measures.

Methods

The outbreak control team included representatives
from the Department of Communicable Disease Control
and Prevention in Stockholm and the Sollentuna munici-
pality environmental team. The Public Health Agency of
Sweden and the National Food Agency were responsible



FIGURE 1

Communication and important moments in the outbreak investigation, food-borne gastroenteritis outbreak, Sollentuna,

Sweden, April 2016 (n = 656)

Department of Communicable
Disease Control and Prevention |—»
Stockholm County Council
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Central kitchen,
supplying 2,700 meals
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preschools, identified
as potential source
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number of individuals
meeting the case
definition, obtained from
principals at the
remaining 17 schools
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of gastroenteritis

On-site hygiene
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kitchen with evaluation of

food handling and
operating procedures

Purple fields: outbreak background information; blue fields: investigation by the Department of Communicable Disease Control and
Prevention; yellow fields: investigation by the Sollentuna municipality environmental team. Open arrows: information received by the
Sollentuna municipality environmental team; filled arrows: response measures including simultaneously (i) stool sampling for microbial
analysis, (ii) distribution of questionnaires and (iii) information gathering as a basis for case finding among individuals who had consumed
food prepared in a central school kitchen in Sollentuna municipality, Stockholm, Sweden in April 2016. A total of 656 gastroenteritis cases

were reported.

for the microbiological analyses undertaken during the
late phase of the outbreak investigation.

Descriptive epidemiology

Early on, the investigation revealed that the central
kitchen served 2,700 meals per day at 21 schools and
preschools, suggesting that a considerably higher pro-
portion of schools in the Stockholm area could have
been exposed than was initially thought. The age of
students at the 21 schools and preschools ranged from
1 to 15 years.

In order to estimate the magnitude of the outbreak,
the principals at the school distributed a web-based
questionnaire that was provided by the Department
of Communicable Disease Control and Prevention in
Stockholm to students’ parents, guardians and teach-
ers. Because quick and early distribution was a prior-
ity, only the students and teachers at the four schools
were included that had initially reported the outbreak
to the Sollentuna municipality environmental team.
Approximately 1,000 students (6—15 years of age) and
160 teachers attended these four schools, which was
considered a sufficient number for meaningful analy-
sis. The questionnaire was distributed by email on the
morning of 26 April with a 7-day submission deadline.
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In addition, to obtain a more complete picture of the
magnitude of the outbreak, the Sollentuna municipal-
ity environmental team requested that the remaining
17 schools served by the central kitchen estimated the
number of students and personnel with gastroenteri-
tis symptoms (Figure 1). Data pertaining to whether the
schools received both salad buffet and warm meals
were also gathered.

The Sollentuna municipality environmental team
was responsible for the environmental investigation,
including inspection of the kitchen, review of hygienic
procedures and staff hygiene, procedures for safe
handling of raw meat, as well as procedures for heat-
ing and cooling food. Interviews were conducted with
kitchen personnel. Food samples were taken and when
possible, attempts were made to trace them back to
the source. Stool samples for microbiological analy-
sis were obtained from 15 people with symptoms of
gastroenteritis.

Case definition and case findings

Initial reports indicated that sporadic cases were
reported as early as on 21 April; therefore, we decided
to ask about manifestation of symptoms after 20 April.
For the purposes of our analytical investigation, a case
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FIGURE 2

FIGURE 3

Epidemic curve of onset of gastroenteritis symptoms
among students and teachers at four schools and
secondary cases, Sollentuna, Sweden, April 2016 (n = 281)

120 B Gastroenteritis cases (n=254)

Secondary gastroenteritis cases (n=27)
100

) | ‘ I
. n i
21 22 23 24 25 26

April

o e
o o

Number of cases

S
o

27 28

Date of onset of gastroenteritis

of gastroenteritis was defined as someone who gave a
positive response to the question ‘Have you had symp-
toms of gastroenteritis after 20 April’ among students
and teachers at any of the four schools that had first
notified Sollentuna municipality about the outbreak.

Secondary cases of gastroenteritis were defined
as individuals who did not attend any of these four
schools, but belonged to a household where a pri-
mary case of gastroenteritis was identified as defined
above, and who presented with symptoms of gastroen-
teritis beginning within 72 hours of the primary case.

The case definition of gastroenteritis from the other
17 schools, as reviewed by the Sollentuna municipal-
ity environmental team, was based on absences due to
gastroenteritis after 22 April self-reported to adminis-
trative personnel at these schools.

Analytical epidemiology

Data collection and analysis

The web-based questionnaire included questions about
whetherthe respondents were teachers or students and
about their grade level. Also included was information
on clinical manifestations, onset and duration of symp-
toms, as well as questions regarding potential second-
ary cases. Early telephone interviews with the parents/
guardians of 15 of the sick individuals showed onset of
symptoms 12—36 hours after the most recent consump-
tion of food at school, high rates of nausea, vomiting
and diarrhoea, as well as short (1-2 days) duration of
symptoms, which together suggest that the gastroen-
teritis was probably caused by a virus rather than bac-
teria, parasites or toxins. The incubation period for the
most common viral gastrointestinal illnesses is short,

www.eurosurveillance.org

Proportion of predominant gastroenteritis symptoms in
different age groups among students and teachers at four
schools, Sollentuna, Sweden, April 2016 (n = 254)
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The figure does not include secondary cases.

usually 1-2 days [10]. Given the clinical picture and the
short incubation period for the most likely viral agents,
the form included detailed questions about what food
items were consumed at lunch on 20-22 April (assum-
ing a probable incubation period of 1—2 days).

We analysed the distribution of cases by time of onset
of symptoms and demographic characteristics, as well
as attack rates and unadjusted risk ratios (RR) of gas-
troenteritis in relation to consumption of each food
item. Unadjusted RR were calculated using Episheet
[11].

Microbiological investigations

Stool samples were collected for analysis from 15 indi-
viduals who reported symptoms of gastroenteritis.
For logistical reasons, samples were sent to either of
two separate clinical microbiological laboratories in
Stockholm.

All 15 samples were cultured for Salmonella, Shigella,
Campylobacter and Yersinia. Because two samples
were not available in sufficient quantity, only 13 sam-
ples were analysed using the commercially available
gPCR geneXpert (Cepheid, Sunnyvale, United States)
proprietary platform (adeno-, astro-, noro-, rota- and
sapovirus) for seven of the samples and a sapovirus
real-time RT-PCR [12] for six of the samples. Eight sam-
ples were analysed by microscopy with appropriate
staining to search for parasites.
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FIGURE 4

Electron micrograph of negatively stained sapovirus,
gastroenteritis outbreak, Sollentuna, Sweden, April 2016

Scale: bar indicates 50 nm.

Only six samples were large enough for further anal-
ysis by the Public Health Agency of Sweden using
electron microscopy, RT-PCR, real-time RT-PCR and
whole genome sequencing (WGS). The RT-PCR was
performed using the following primers for sapovirus:
forward primers CTCGCCACCTACRAWGCBTGGTT,
GCCACCTACGAATCCTGGTTCAT, and
CAATTGCATGYTACAACAGCTGGTACAT, and
reverse  primers CGCGCCTCCATRCTACCACCCCA,
CGGRCYTCAAAVSTACCNCCCCA, and
TGAGACYGTGACTCTRATRTCCATTGC. The real-time
RT-PCR was modified from [12]: forward primers
GAYCAGGCYCTCGCYACCTAC, TTGGCCCTCGCCACCTAC,
and TTTGAACAAGCTGTGGCRTGCTAC, reverse
primer  NNCCCTCCATYTCAAACACTA and probes
FAM-CTGTACCRCCTATGAACCA-MGB and
FAM-CTGYACCACCTATRAACCA-MGB.

Environmental investigation

Inspectors from the Sollentuna municipality environ-
mental team conducted a post-outbreak inspection of
the central kitchen on 25 April. Physical inspection and
personnel interviews were carried out to assess seven
areas: infrastructure and procedures, equipment and
facilities, food products and packaging, safe handling
and storage, cleaning procedures, compliance with
temperature protocols, as well as personal hygiene
and food traceability.

Samples were obtained from saved main courses, as

well as from batches of frozen vegetables and herbs
served on 20-22 April. Samples were also obtained
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from batches of salad that were delivered to the cen-
tral kitchen after the outbreak. No salad from delivery
before the outbreak was available. All food samples
were initially stored at —26 oC by the Sollentuna munic-
ipality environmental team and subsequently sent to
the National Food Agency for analysis once results
from the human samples became available.

Results

Descriptive epidemiology

The web-based questionnaire was sent to ca 1,160 peo-
ple and since all questions were voluntary, the number
of responses to each question varied. Of the 682 peo-
ple (59%) who responded to the question regarding
symptoms of gastroenteritis after 20 April, 674 also
answered the question concerning sex (363 female
and 311 male) and of these, 265 people (39%) reported
symptoms of gastroenteritis. Among this latter group,
260 indicated their sex (144 female and 116 male).
The attack rate among teachers was 54% (65 of 121),
while in students it was 36% (198 of 553). For eight
people, information regarding teacher/student status
was lacking. The attack rate did not differ significantly
between men and women, with 37% (116/311) and 40%
(144/360), respectively. Information regarding sex was
missing for 11 people. Among all self-reported cases
of gastroenteritis, only 10 respondents indicated that
they had not eaten in the canteen. Figure 2 shows the
distribution of cases by date of onset of gastroenteri-
tis symptoms; cases started to occur on 21 April, fol-
lowed by a peak on 22 April. Among these cases, 10%
(27/281) were reported as secondary cases.

The summary of the investigation conducted by the
Sollentuna municipality environmental team on 25
April showed that 123 teachers and 268 students from
the 17 schools not included in the initial investigation
had reported symptoms of gastroenteritis (see Table 1).
With the addition of these 391 cases, more than 650
people reportedly had gastroenteritis symptoms asso-
ciated with the outbreak overall.

According to the questionnaires, the most preva-
lent clinical symptoms were nausea (246/265; 93%),
abdominal pain (220/265; 83%), vomiting (183/265;
69%), diarrhoea (133/265; 50%) and fever (127/265;
48%). Duration of these symptoms varied somewhat
in that vomiting was of shorter duration than diarrhoea
(data not shown). Stratifying symptoms by age (6—9
years: n=65; 10—12 years: N=54; 13—15 years: n=69;
teachers: n=66) showed that nausea, diarrhoea and
especially fever were more commonly reported by the
older age groups (Figure 3). To our knowledge none of
the reported cases required hospital admission.

Analytical epidemiology

The Sollentuna municipality environmental team found
(Table 1) that cases of gastroenteritis were reported
only from the 14 schools and preschools that received
both the main course and the salad buffet, whereas no
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TABLE 1

Students/children and teachers reporting symptoms of gastroenteritis after consuming food provided by a central school
kitchen to 17 preschools and schools, Sollentuna, Sweden April 2016 (n = 391)

Received warm meals

Received salad buffet

Teachers with Students/children with

GE symtoms? GE symptoms?

School/preschool 1 Yes No o] o
School/preschool 2 Yes Yes 8 1
School/preschool 3 Yes Yes 5 15
School/preschool 4 Yes No o o
School/preschool 5 Yes Yes 3 NA
School/preschool 6 Yes Yes 7 5
School/preschool 7 Yes Yes 6 21
School/preschool 8 Yes Yes 1 1
School/preschool 9 Yes No o o
School/preschool 10 Yes Yes 3 4
School/preschool 11 Yes Yes 7 6
School/preschool 12 Yes Yes 6 5
School/preschool 13 Yes Yes 10 17
School/preschool 14 Yes Yes 9 10
School/preschool 15 Yes Yes 21 78
School/preschool 16 Yes Yes 8 32
School/preschool 17 Yes Yes 29 73

GE: gastroenteritis; NA: not available.

2 Self-reported cases according to the school principals; these cases were not included in further analytical investigation since the individuals

involved did not receive the web-based questionnaire.

cases of gastroenteritis were reported from the three
schools that did not receive the salad buffet. Analysis
of the questionnaires found no specific food item to be
associated with confirmed case status. However, con-
sumption of mixed salad, mixed beans or green beans
at lunch on 20 April was associated with confirmed
case status, with RR of 2.0 (95% confidence interval
(CN: 1.6—2.6), 2.1 (95% Cl: 1.6—2.6) and 2.0 (95% Cl:
1.6—2.6), respectively (Table 2). Food items served on
21 April or 22 April did not show RR above 1.8. Analyses
of the findings from both the Sollentuna municipality
environmental team and the web-based questionnaire
suggested that the source of the outbreak was the
salad buffet served on 20 April, although no specific
food item could be identified.

Laboratory investigation

The 15 stool samples were negative for Salmonella,
Shigella and Campylobacter. Further analyses on
13 of these 15 samples also returned negative for
adeno-, astro-, noro-, rota- and sapovirus. Material
in the remaining two samples was not sufficient for
virus analysis. All samples were negative for para-
sites (Giradia, Cryptosporiduim and Entamoeba histo-
lytica). Two samples (sibling cases) were positive for
Yersiniaenterocolitica 1A.

Subsequently, six samples had enough material left

to be sent for further analysis to the Public Health
Agency of Sweden, which found calicivirus in three of
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the samples using electron microscopy (Figure 4). All
samples were also analysed using RT-PCR and WGS, in
which a variant of sapovirus genogroup V was found in
five of six samples.

Environmental investigation

Among kitchen staff, three of 11 had symptoms of gas-
troenteritis during the outbreak. Two of the three had
eaten the same food as the students. Stool samples
collected from the three symptomatic kitchen workers
were found to be negative in routine analysis. No spec-
imens from these kitchen workers were among those
sent to the Public Health Agency of Sweden.

Post-outbreak measures taken by the central kitchen

At the request of the Sollentuna municipality environ-
mental team, stored frozen food was discarded and
the facility, salad bar, cutting boards and utensils were
thoroughly cleaned and disinfected.

Analysis of food samples

The central kitchen had been cleaned on the Friday pre-
ceding the outbreak and many leftover food items had
already been discarded. Therefore, collection of food
samples was highly limited or from food unrelated to
the outbreak. Frozen parsley had been included in sev-
eral dishes served on 20 April and sufficient amounts
of parsley and green beans remained for analysis.
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TABLE 2

Attack rate and crude risk ratios for gastroenteritis among students and teachers at four schools, by food item served in the
canteen between Wednesday, 20 April and Friday 22 April 2016, Sollentuna, Sweden (n = 265)

Attack rate

Risk ratio
Food item Among exposed Among unexposed

Cases Total % Cases Total RR (95% Cl)
Pasta 174 387 45 10 37 27 1.7 (1.0-2.9)
Minced meat sauce 157 347 45 20 66 30 1.5 (1.0-2.2)
Vegetarian sauce 13 31 42 122 283 43 1.0 (0.6-1.5)
Mixed salad 48 71 68 76 226 34 2.0 (1.6-2.6)
Wednesday Green lettuce 53 107 50 81 215 38 1.3 (1.0-1.7)
20 April Tomatoes 77 140 55 58 184 32 1.7 (1.3-2.3)
Cucumber 112 231 48 38 112 34 1.4 (1.0-1-9)
Mixed beans 41 56 73 91 255 36 2.1 (1.6-2.6)
Carrots 64 129 50 72 188 38 1.3 (1.0-1.7)
Haricots verts 37 52 71 89 252 35 2.0 (1.6-2.6)
Chicken curry 147 323 46 29 84 35 1.3 (1.0-1.8)
Samosas 17 44 39 116 263 44 0.9 (0.6-1.3)
Rice 151 343 44 27 64 42 1.0 (0.8-1.4)
Garlic sauce 23 55 42 106 247 43 1.0 (0.7-1.4)
Green lettuce 58 114 51 85 221 38 1.3 (1.0-1.7)
Thursday Tomatoes 68 130 52 70 195 36 1.5 (1.1-1.9)
21 April Carrots 45 92 49 90 227 40 1.2 (0.9-1.6)
Cucumber 96 212 45 53 128 41 1.1 (0.8-1.4)
Mixed vegetables 27 38 71 108 275 39 1.8 (1.4-2.3)
Peas 37 70 53 100 249 40 1.3 (1.0-1.7)
Pears 24 56 43 106 251 42 1.0 (0.7-1.4)
Mushrooms 31 51 61 107 273 39 1.6 (1.2-2.0)
Broccoli soup 83 163 51 91 219 42 1.2 (1.0-1.5)
Pancakes 156 379 41 34 68 50 0.8 (0.6-1.1)
Strawberry jam 138 342 40 45 90 50 0.8 (0.6-1.0)
Green lettuce 32 66 48 120 279 43 1.1 (0.8-1.5)
Friday Tomatoes 46 86 53 101 255 40 1.4 (1.1-1.7)
22 April Carrots 60 130 46 93 218 43 1.1 (0.9-1.4)
Cucumber 69 151 46 85 203 42 1.1 (0.9-1.4)
Cauliflower 16 29 55 129 301 43 1.3 (0.9-1.8)
Baby corn 29 70 41 117 266 44 0.9 (0.7-1.3)
Mushrooms 27 45 60 122 294 41 1.4 (1.1-1.9)

Cl: confidence interval; RR: risk ratio.

After results from the human stool samples became
available from the Public Health Agency of Sweden,
parsley and green beans were sent to the National
Food Agency for RT-PCR testing with appropriate prim-
ers for sapovirus. Both these food sources were nega-
tive. Mixed salad or mixed beans from 20 April were
not available.

Discussion

To our knowledge, this food-borne outbreak represents
one of the major sapovirus outbreaks since the one in
Japan in 2010 [7]. Overall, the Sollentuna outbreak in
2016 involved more than 650 reported cases of gas-
troenteritis in both children and adults. Sapovirus
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is known to cause viral gastroenteritis in young chil-
dren, whereas adults seem to be less affected [2-4].
However, in this outbreak, older students and teach-
ers appeared to be equally or even more affected than
young children. The attack rate among teachers was
higher than in students. This difference may be due to
selection bias as the response rate was 75% among
teachers and only 35% among students. This would be
true if guardians of asymptomatic students were more
likely to respond to the questionnaire, but this seems
unlikely.

Assuming that all 2,700 meals served were consumed,
causing ca 650 primary cases, this could indicate
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an attack rate of at least 24%. The most commonly
reported symptoms were nausea and abdominal pain,
followed by vomiting and diarrhoea. Fever correlated
with increasing age in accordance with previous results
[13]. Other sapovirus outbreaks have reported fever as
the most common symptom and diarrhoea as the least
common [13]. Studies comparing genogroup-specific
differences and prevalence of various symptoms have
found no significant associations to explain the vary-
ing clinical presentations in different outbreaks, the
reason for which remains unclear [14].

Two siblings were initially found to be positive in stool
cultures for Y.enterocolitica 1A. However, there is con-
troversy regarding the pathogenicity of Y.enterocolitica
1A [15] and considering that it was only found in two
siblings and no other students, this could not explain
the outbreak and was hence considered to be an inci-
dental finding.

No clear source of the outbreak was identified,
although food items served in the salad buffet were
suspected. The web-based questionnaire showed that
mixed salad, mixed beans and green beans all had
case-related RR of ca 2.0. Also, the findings of the
Sollentuna municipality environmental team impli-
cated the salad buffet (Table 1). Vegetable components
including mixed salad and frozen vegetables have been
reported in several food-borne outbreaks caused by
caliciviruses, more specifically norovirus. Food-borne
outbreaks caused by sapovirus are less common [9].
Lack of adequate food samples made it impossible to
verify the results by analysing food items. Some studies
show that asymptomatic food handlers have high viral
loads of sapovirus [6,13,16] and may pose potential
risk of secondary transmission. Of 11 kitchen workers,
three reported symptoms during the outbreak which
coincided with the peak of the outbreak. The ques-
tionnaire was available for seven days and as shown
in the epidemic curve, symptom onset of some cases
occurred almost one week after assumed exposure,
which may suggest that these could in fact be second-
ary cases. However, we have no reason to believe that
such secondary cases could have had much impact on
the results.

Conclusion

The rapid and efficient multidisciplinary collaboration
made it possible to estimate the magnitude of the out-
break, present a descriptive epicurve, provide infor-
mation to the affected schools, suggest precautions
and identify a plausible aetiology (calicivirus) within
a few days. Despite the operational efficiency, epide-
miological and microbiological evidence remained elu-
sive, while the electron microscopy findings with whole
genome sequencing represent a crucial breakthrough.
Whole-genome sequencing revealed a sapovirus vari-
ant clustering with genogroup V. Phylogenetic analy-
sis of the capsid gene showed that the sequences of
S3 and Sé6 clustered with sapovirus genogroup V but
clearly separated from almost all other isolates in
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the genogroup [17].The investigation of this outbreak
clearly demonstrates the importance of epidemiologi-
cal analysis coupled with both conventional and new
microbiological techniques, especially when searching
for new variants of infectious agents.
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