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and meat should be prepared on a separate counter or cutting board 
from other food items; 2) all utensils, cutting boards, and counters 
should be cleaned with hot water and soap after preparing other 
foods; 3) hands should be washed thoroughly with soap and running 
water after handling raw poultry or meat; and 4) poultry should be 
cooked thoroughly to an internal temperature of 82ºC or until the 
meat is no longer pink and juices run clear [8].

In summary, custard cross-contaminated by chicken served in a 
school appears to have been the source of infection in this outbreak 
of Campylobacter enteritis. Sanitary education of the food handlers 
continues to be the main control measure in foodborne outbreaks.
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This paper reports the study of outbreaks of an acute exanthematous 
disease among children of three schools in the municipality of Braga (Portugal). 
Laboratory tests were performed for five cases, showing that the disease was 
not due to infection by measles or rubella virus, and infection with parvovirus 
B19 was confirmed. There were 41 cases in children: 12 in the kindergarten, 
17 in the secondary school and 12 in the primary school. There was only one 
case in a staff member, who worked in the kindergarten. Eight cases were 
identified among household contacts; two of them were brothers, one from 
the kindergarten and another from the secondary school, where the outbreak 
occurred after the kindergarten outbreak. The estimated values of the basic 
reproduction number R

0
 were very low and it is very likely that asymptomatic 

infectious cases have occurred. The local health authority produced written 
documents and met with staff members and parents. Primary healthcare 
facilities and the obstetric department of the local hospital were also informed. 
As we are approaching the elimination of measles in Portugal and the rest of 
Europe, with very high vaccine coverage, it is very likely that a high proportion 
of infectious non-vesicular exanthemas will be due to B19 infections. This is 
to be taken into account in the design and conduct of surveillance activities, 
in the context of measles and rubella elimination programmes.
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Introduction
Erythema infectiosum (EI), or ‘slapped cheek’ disease, is the most 

common clinical manifestation of infection with parvovirus B19 
(B19) in children [1]. Several diseases, like measles, rubella, scarlet 
fever, erythema multiform and this ‘fifth disease’ can cause similar 
acute non-vesicular exanthematous rashes and differential diagnosis 
is often necessary, especially in the context of measles elimination 
programmes in Europe [2] and worldwide [3]. Parvovirus B19 
infections are usually benign and self-limiting [4] and commonly 
asymptomatic [1]; nevertheless, they can have important adverse 
effects among specific risk groups [1], namely pregnant women, 
immunocompromised individuals and patients suffering from chronic 
haemolytic anaemia. Thus, some authors have recommended the use 
of ELISA and PCR tests to confirm the aetiology of outbreaks [4].

In Portugal, EI and other B19 infections are not reportable to the 
local health authority (LHA), unlike measles and rubella. There are 
written recommendations on how to investigate suspected outbreaks 
(and isolated suspected cases) of measles [5]. We do not know of 
written reports of B19 outbreaks previously studied in Portugal 
but some serological data were published: in a blood transfusion 
department of a Portuguese hospital, 66.2% of health adults and 
83.3% of haemophiliacs were found to be positive for B19 IgG 
antibodies [6].

O R I G I N A L  A R T I C L E S

O u t b r e a k  r e p o r t
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The main purpose of investigating the reported cases of an acute 
exanthematous illness in three schools was to understand whether it 
was a dangerous public health situation and if appropriate control 
measures could be implemented. We were particularly concerned 
about the possibility of measles or rubella outbreaks. We report here 
the findings of the study of three outbreaks due to B19, in Braga, 
Portugal.

Alert
On 14 January 2004, the LHA of Braga (a municipality in the 

North of Portugal) was informed by the warden of a kindergarten 
that several cases of an acute exanthematous illness among children 
were occurring. Similar alert phone calls were made on 17 February 
(secondary school) and on 26 of April (primary school).

Preliminary assessment
Telephone interviews were conducted with the directors of the 

three schools and some general practitioners (GP) who had observed 
the children. Signs and symptoms were so suggestive that some 
physicians explicitly mentioned erythema infectiosum (EI), as the 
most likely diagnosis. No laboratory confirmation had been done. 
The first known case of erythema occurred on 31 December 2003.

Methods
Laboratory study
Blood samples were collected from five children with clinical 

manifestations suggestive of EI: two from the kindergarten and three 
from the secondary school. In the sera from those five children specific 
IgM and IgG antibodies against measles, and B19 were measured using 
ELISA techniques; a PCR technique was used to detect B19 DNA. 
Specific antibodies against rubella were only studied in sera from 
the three cases in the secondary school. Tests were performed in the 
laboratory of the hospital of Braga (2 cases from the kindergarten) 
and in the national institute of health (three cases from the secondary 
school).

Active case finding
A written questionnaire was given to all staff members and parents 

from the three schools inquiring about signs, symptoms, medical care 
and the existence of other cases in the household. Written vaccination 
records were checked among all children in the kindergarten and all 
cases in the other two schools.

Case definition
Probable case of EI: erythema on the face, extremities or trunk, 

between 30 December 2003 and 8 of May 2004, in members of the 
three schools community (children and staff) and their household 
contacts.

Confirmed case of EI: probable case with laboratory confirmation 
(either by ELISA or PCR) of acute infection with B19 or epidemiological 
link with a confirmed case.

Statistical methods
To compare attack rates [7] we used χ2

 tests. The basic 
reproduction number R

0
 has been defined as ‘the average number 

of persons directly infected by an infectious case during the entire 
infectious period, when he enters a totally susceptible population’ [8]. 
In order to estimate the basic reproduction number R

0
 of infection 

by B19, we used a formula which had already been used during 
measles outbreaks [9]. This was performed for the kindergarten, 
the Class 5A of the secondary school and in Class 1 in the primary 
school. For the purpose of this estimate in these groups we assumed 
that there were only susceptible children before the outbreak and 
that transmission (after the primary cases) occurred inside these 
groups, with homogenous mixing. For the two class groups with 
10 symptomatic cases, we made the estimates for the whole range 
of possible numbers of asymptomatic infections, from zero to 
sixteen.

Results
Laboratory study
The five cases with clinical manifestations suggestive of EI were 

confirmed as being cases of infection with B19. Most cases were 
positive for both specific IgM and specific DNA [TABLE 1]; in most 
cases, the results were compatible with what was expected for the 
time when blood collection took place [1]. The three cases from 
the secondary school were negative for both measles and rubella 
IgM search. Four of them had serological markers (positive IgG) 
for immunity against measles. The one exception was a girl, born 
in 1993, who had received MMR at 9 months of age, during the 
last 1993/1994 measles epidemic observed in Portugal; following 
the standard procedure, she had been revaccinated at 15 months of 
age and failed to show protective measles antibodies at 11 years of 
age (last case in Table 1). We do not know the cause of this finding 
but it could be related to previously expressed concerns about the 
consequences of vaccinating too early against measles [10].

T A B L E  1

Laboratory results of the study of five children with clinical manifestations of erythema infectiosum. Braga, Portugal

Case Measles Rubella Parvovirus B19 Parvovirus B19

Age / Sex / School Serology Serology Serology PCR (DNA)

4 / M / kindergarten
IgM negative

IgG positive
Not tested

IgM negative

IgG positive
Positive

5 / M / kindergarten
IgM negative

IgG positive
Not tested

IgM negative

IgG positive
Positive

11 / F / secondary
IgM negative

IgG positive

IgM negative

IgG positive

IgM positive

IgG positive
Positive

10 / M / secondary
IgM negative

IgG positive

IgM negative

IgG positive

IgM positive

IgG positive
Positive

11 / F / secondary
IgM negative

IgG negative1

IgM negative

IgG borderline

IgM borderline

IgG positive
Positive

1.  This child, born in 1993, had received MMR at 9 months of age during the 1993/1994 measles epidemic observed in Portugal. Following the standard procedure, he was 
revaccinated at age 15 months.

Description of the outbreaks
From the laboratory results and questionnaire data, we identified 

35 confirmed cases (in the kindergarten and secondary school) and 
12 probable cases (in the primary school). We had no questionnaire 
data from 2 of the 12 cases in the primary school. The most frequent 

reported clinical manifestations were facial erythema (93.3%), rash on 
the arms (79.1%), rash on the legs (77.4%), itching (12.2%) and fever 
(11.1%); only one case reported arthralgia and the facial rash recurred in 
two cases, 4 and 26 days after the first day of onset. The three epidemic 
curves, shown in Figure 1, spanned over a period of 19 weeks.
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F I G U R E  1

Epidemic curves of three outbreaks of erythema infectiosum 
in Braga, Portugal, December 2003-May 2004

Kindergarten: One case not represented because date of onset was unkown
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Primary School: Two cases not represented because date of onset was unkown

Cases among household contacts that were not part of the school community

Cases among staff membersS

H

N
o
. 
o
f
 c

a
s
e
s

0

1

2

3

4

5

6

7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Week

January 2004

31/12/2003

February 2004 March 2004 April 2004 May 2004

The 50 children in the kindergarten were divided in two groups 
(4 years and 5/6 years), with most activities in separate rooms and 
meals in a common room. The 12 cases among children occurred 
between 31 December 2003 and 2 February 2004. There was only 
one case among the 6 staff members [TABLE 2]: the woman directly 
in charge of the 4 year old group. The attack rate in the 5/6 year 
old group (AR=9/25=36%) was significantly higher (P=0.047) than 
among children in the 4 year old group (AR=1/25=12%). Two cases 
were reported in household contacts: the mother of the child with 
onset of disease on 5 January became ill on 27 January; the brother 
of the child with onset of disease on 17 January became ill on 11 
February and was a student of Clasee 5B in the secondary school; 
these two children had a cousin in Class 5A in the secondary school 
who was the first case from that school (19 January). All children in 
the kindergarten had been vaccinated with MMR.

T A B L E  2

Cases of infection with B19 in the three schools in Braga, 
Portugal

School
Children Staff

Household 
members1No. of 

cases
No. at 

risk (%)
No. of 
cases

No. at 
risk (%)

Kindergarten 12/50 24 1/6 16.7 12

Secondary 17/735 2.3 0 0 42

Primary 12/364 3.3 0 0 0

1.  Data on the number of persons by household is not precise or complete 
enough to estimate attack rates.

2.  Household members that were not part of the school communities studied 
here. In addition to these, a child in the 5-6 years age group at the kinder-
garten fell ill on 17 January. This child had a cousin in the class 5B who fell 
ill on 19 January, and a brother in class 5A who fell ill on 11 February.

The 735 children in the secondary school were aged between 10 and 
15 years; they were distributed into 28 classes (6, 7, 5, 5, and 5 classes 
respectively in Classes 5 to 9). The 17 cases in children occurred 
between 19 January and 5 March 2004; they were aged 10 to 14 years. 
The attack rate in children at the secondary school was much lower 
than in the kindergarten [TABLE 2], but big differences were observed 
between classes within the school. Cases were only observed in four 
classes, with significantly different (P=0.0015) ARs between them. 
Observed ARs were 38.5% in Class 5A, 19.2% in Class 5B, and 3.8% in 
the Class 6F. There was only one case in Class 8C (the brother of one 
of the cases from Class 5B). No cases were observed in Classes 7 and 
9 or in the remaining groups in Class 8. No cases were reported in 
staff members. Among household contacts, six cases were identified, 
each from the family of a different case: a father, a mother and four 

brothers who attended different schools (the kindergarten, another 
class of the same secondary school, and two other secondary schools 
not studied in this investigation). All 17 cases had been vaccinated 
with MMR.

The 364 children in the primary school were aged between 6 and 
10 years; they were distributed into 16 classes (4 in each class from 
Class 1 to Class 4). Ten cases among children from one of the classes 
in Class 1 (AR of 38.5%), occurred between 2 April and 8 May. 
Two more cases were observed among children from a single class in 
Class 3 but we do not have the precise date of onset. No cases were 
reported among staff members or household contacts. All cases had 
been vaccinated with MMR.

Estimates of the basic reproduction number R
0

The basic reproduction number R
0
 estimated for the kindergarten 

was 1.108 (95% CI 0.220-1.996) while for Class 5A of the secondary 
school and Class 1 of the primary school it was 1.184 (95% CI 0.141-
2.227). These estimates assume that no asymptomatic infections had 
occurred, which is not likely to be true. The real R

0
 value depends 

on the number of asymptomatic infections that have occurred 
[FIGURE 2]; point estimates for R

0
 varied from 1.184 to 3.706 for 

asymptomatic infections varying from zero to sixteen.

F I G U R E  2

Estimates of the basic reproduction number R
0
 of B19 

infection in Class 1 of a primary school, and Class 5 of a 
secondary school, by number of infections1
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1.  Values were calculated using the formulae published in [9]; the possible 
number of infections in each group, ranges from 10 (no asymptomatic infections) 
to 26 children; the actual number of asymptomatic infections is not known.

Control and prevention measures
Though evidence for effective preventive measures may still be 

insufficient [7], some actions can be taken [8], to avoid exposure 
or minimise the consequences of the infection among pregnant 
women and other high risk groups [1,7]. Procedures were initiated 
even before laboratory confirmation. Aware of the importance 
of communication and reassurance [7], the LHA produced and 
distributed written information to school staff members and parents; 
written information on the situation and the disease, with a reminder 
about the risk groups, was also sent to general practitioners, in the 
municipality, and to the obstetric department of the local (District) 
Hospital. Except for cases with fever, exclusion from school was not 
performed because communicability is greatest before the onset 
of rash and probably not communicable after that [9]. Besides the 
written information, the LHA met with the staff members of the 
kindergarten on 15 January, to inform them about the disease, 
potential consequences and measures to be taken. In the secondary 
school, with the same purpose, the LHA met staff members and 
students on 18 February, and parents on 25 February.

Discussion
After studying these three outbreaks, we had informal knowledge 

about similar outbreaks occurring in other schools of the same 
municipality and in a neighbouring one, but we have no information 
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on whether they were due to B19 infection or not. It was clearly 
confirmed that the three epidemics of exanthematous disease, studied 
in Braga, were not due to measles or rubella; they resulted from 
infection with B19. It is very likely that they were part of a general 
increase in the incidence of the disease in a wider geographical area 
in the northern Portugal. It is likely that some children from the 
kindergarten transmitted the infection to their older siblings who later 
introduced the infection in the secondary school, but we can not prove 
that because the alternative explanation that the sibling could just have 
been infected in his/her own school is possible. No epidemiological 
link was established between the outbreak in the primary school and 
the two previous ones, but it is likely that we have missed the detection 
and study of many isolated cases and institutional outbreaks.

The distribution in time of some cases among household contacts 
and within the schools suggests that there had been asymptomatic 
infections, links that were missed in the chain of transmission. This is 
also suggested by the small values of R

0
 estimated if no asymptomatic 

infections are assumed; furthermore, assuming heterogeneity in 
mixing generally would increase R

0
 estimates [9]. Other authors have 

reported the occurrence of asymptomatic infectious infections by 
B19 [1,11]. Better estimates can be obtained when immune status of 
people is studied before and after the outbreak [9], which would make 
it possible to know the precise number of asymptomatic cases.

The age distribution of cases in the primary and secondary schools 
(in younger age groups) and the lower ARs among staff members 
is compatible with the existence of immunity due to previous 
infections. Nevertheless, the higher attack rate in the older group of 
the kindergarten is not consistent with this explanation. Our data 
are consistent with seasonal variation observed elsewhere [1], with 
increased incidence in months of late winter and early spring. But the 
lack of a surveillance system prevents us to have precise data on the 
epidemiology of infections due to B19 in Portugal: for example, we 
do not know about cyclic variation of annual incidence [1,12].

As we are approaching the elimination of measles in Portugal 
(and Europe), with very high vaccine coverage with MMR and a two 
dose schedule, it is very likely that a high proportion of infectious 
non-vesicular exanthems (isolated and in outbreaks) will be due to 
B19 infections. This is to be taken into account in the design and 
conduct of surveillance activities [2,5], in the context of measles and 
rubella elimination programmes: study protocols should include data 
collection procedures and laboratory tests able to confirm or discard 
the diagnosis of B19 infections, among other causes of non-vesicular 
exanthems. High MMR vaccine coverage among children within the 
age groups in these schools is consistent with routine data from Braga 
district.

Fortunately, most B19 infections are benign. To minimise the 
consequences among the small number of people from risk groups 
[1] guidelines already exist [1,13] that should be consulted and 
publicised when outbreaks occur, while implementing evaluations 
of the effectiveness of such recommended procedures.
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