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Since May 2014, an increase in Plasmodium vivax 
malaria has been observed in Sweden. As of 31 August 
2014, 105 malaria cases have been reported in newly 
arrived Eritrean refugees, 84 of them P. vivax. The 
patients were mainly young men and reported migra-
tion through Ethiopia and/or Sudan. Severe anaemia 
and long symptom duration reflect inadequate health-
care during migration. Countries currently hosting 
Eritrean refugees need to consider P. vivax malaria in 
this group of migrants.  

In Sweden, Plasmodium vivax accounts for 10 to 15% 
of the yearly ca 100 imported cases of malaria [1]. We 
report a dramatic increase in P. vivax cases among 
newly arrived Eritrean refugees, currently the third 
largest group of refugees in Sweden [2].

Epidemiological hospital-based 
investigation
P. vivax was diagnosed in seven newly arrived Eritrean 
refugees seeking care at Karolinska University Hospital 
in Stockholm in early June 2014. Information about this 
cluster and an inquiry about additional P. vivax cases 
were sent to the 28 infectious disease departments in 
Sweden. By 8 August 2014, physicians from 15 hospi-
tals reported to have diagnosed P. vivax in 43 newly 
arrived Eritrean refugees since May 2014. No cases 
had been reported before May 2014. The patients 
were predominantly male (32/43) and aged 15 to 34 
years (median 21) with 30% minors aged 15 to 17 years. 
All patients reported travelling from Eritrea through 
Ethiopia and/or Sudan to Libya and Italy before coming 
to Sweden between April and June 2014. Haemoglobin 
levels ranged between 40 and 136 g/L (median: 110 
g/L); four patients had haemoglobin levels lower than 
70 g/L and received blood transfusions. No other 
severe symptoms or deaths were reported. The diag-
nosis was established by conventional microscopy, 
and the patients were treated with chloroquine, except 
four patients who received artemether-lumefantrine 
(Riamet) due to initial uncertain species typing. All 

patients were prescribed relapse-preventing treatment 
with a 14-day course of primaquine, after excluding 
glucose-6-phosphate dehydrogenase deficiency.

National surveillance data
A marked increase in the number of notified malaria 
cases was also observed at the Public Health Agency 
of Sweden. This notification is based on mandatory 
reporting from physicians and diagnostic laboratories 
according to the Communicable Disease Act (Figure 1).

Until 31 August, 237 cases of malaria have been 
reported in Sweden in 2014 (102 P. vivax, 77 P. falci-
parum, 12 P. ovale, two P. malariae, 44 unspecified 
species, and among those three mixed P. vivax and  
P. falciparum infections). According to the report from 
the notifying physician, 115 of them had been infected 
in Eritrea, Ethiopia and/or Sudan (72 P. vivax, seven  
P. falciparum, four P. ovale, 32 unspecified species 
and among those one mixed infection with P. vivax and  
P. falciparum). This corresponds to 9.0 P. vivax cases 
per month compared with 0.08 to 0.58 cases per 
month (between one and seven P. vivax cases annu-
ally) infected in those countries in the period 2010 to 
2013 (Figure 2). There was no concomitant increase in 
P. falciparum cases.

By matching hospital and surveillance data, a total of 
105 cases were confirmed to be Eritrean refugees (84 
infected with P. vivax, five with P. falciparum, three 
with P. ovale and 13 with unspecified species). Some 
cases did not have the country of infection specified in 
the surveillance system, but were identified as Eritrean 
refugees in the complementary data provided by clini-
cians.  Details on travel history, other than probable 
country, are usually not reported to the national sur-
veillance system. Additional cases may therefore have 
occurred in this group, as well as among the cases 
where country of infection has not yet been reported.
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Migration and estimated incidence
According to the Swedish Migration Board [2], the 
annual number of Eritreans seeking asylum was 1,647 
in 2011, 2356 in 2012, 4,844 in 2013, and 4,317 (708 
minors) in 2014 until June, corresponding to an 1.8-fold 
increase in applications from 2013 to 2014. The esti-
mated P. vivax incidence rate in 2014 was 19.5 per 1,000 
Eritrean asylum seekers, and 38.2 per 1,000 Eritrean 
asylum seekers under 18 years of age. Detailed patient 
data were not available for 2012 and 2013; a crude esti-
mate was therefore based on all P. vivax cases infected 
in Eritrea, Ethiopia and Sudan, generating an incidence 
rate of 1.2 in 2012 and 1.4 in 2013.

Discussion
This increase in P. vivax malaria cases clustered in 
newly arrived Eritrean refugees is the largest increase 
malaria cases diagnosed in Sweden since the reporting 
to the Swedish Public Health Agency was computerised 
in 1986. In Sweden, as in other European countries, 
P. vivax is predominantly diagnosed in travellers who 
have visited Asia or Oceania [3].

Although the number of asylum applications from 
Eritreans has increased in Sweden over the last years 
[2], the estimated P. vivax incidence was markedly 
higher in Eritreans who arrived in the past four months. 
The patients reported travelling through Ethiopia and/
or Sudan. We have not found any reports regarding 
ongoing outbreaks or markedly increased incidence 
of P. vivax malaria in those countries or in specific 
refugee camps over the past months. Nonetheless, our 
data suggest a high transmission of P. vivax along the 
route of migration of Eritrean refugees.

Also other European countries have observed P. vivax 
malaria in Eritrean refugees. In Oslo, Norway, 10 
cases were reported to TropNetEurope in June 2014 
[M. Jensenius, TropNet, personal communication, June 
2014]. The Netherlands has also noted an increase in P. 
vivax cases in Eritreans, coinciding with an increased 
number of immigrants from that area [M. van der 
Sande National Institute for Public Health and the 
Environment, personal communication, July 2014]. A 
previous cluster of P. vivax in Eritrean refugees travel-
ling through Sudan was described in Israel 2010 [4,5].

P. vivax is endemic in more than 90 countries [6], with 
the highest risk in Central Asia [7]. In sub-Saharan 
Africa, the parasite is endemic mainly on the Horn 
of Africa and Madagascar [6], being geographically 
restricted by absence of Duffy antigens [8]. In Eritrea 
and Ethiopia, approximately 45% of malaria cases are 
due to P. vivax, compared with 5% in Sudan [6]. Eritrea 
reports a high rate of anti-malarial interventions and 
is considered to be on track to reduce malaria cases 
by more than 75% [6]. Malaria incidence had also 
decreased in Ethiopia over the last decade but there 
has been an increase in confirmed malaria cases 
including P. vivax in the past six years [6]. In Sudan, P. 
vivax transmission is limited and restricted to eastern 
and southern parts of the country [7], the areas where 
many refugee camps are located [9]. Libya and Italy are 
considered malaria-free [6]. Several patients described 
that they and many fellow migrants had symptoms 
of malaria during the journey; some were treated in 
Ethiopia and some in Sudan. Although it is difficult to 
determine the source geographically, it is likely that 
our patients acquired the infection in Sudan, Ethiopia 
or Eritrea.

Figure 1
Number of malaria cases reported to the Public Health Agency, Sweden, 2010–14 (n=654)
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Interestingly, although P. falciparum is the dominant 
species in those countries, the increase was specific 
for P. vivax. Geographical hotspots of transmission are 
likely to be situated along the route of migration, see-
ing as the P. vivax incidence among the refugees was 
higher than in Eritrea and Ethiopia (in 2012, one and 
seven per 1,000, respectively [6]). The high incidence, 
especially among minors, could also suggest a larger 
malaria-naïve population due to reduced endemicity 
in Eritrea. This should however also apply for P. falci-
parum, which may have been cleared by previous anti-
malarial treatments in some of the patients, resulting 
mainly in P. vivax relapses.

Several patients were anaemic and in need of blood 
transfusions. Malarial anaemia is well described for P. 
vivax, especially after long symptom duration and/or 
repeated episodes [10].

Conclusions
We report a high number of P. vivax malaria diagnosed 
in Sweden since May 2014. An increased incidence 
among newly arrived Eritrean refugees, especially in 
minors, indicates a change in exposure. Importantly, 
signs of long symptom duration during migration show 
the need for better healthcare for migrants and high-
light the poor conditions that many refugees encoun-
ter during their escape. Countries currently hosting 
Eritrean refugees need to consider P. vivax malaria in 
these migrants. 

*Erratum
The legend of Figure 2 was corrected on 5 September 2014. 
Blue and green were reversed.
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Figure 2*
Number of malaria cases, by origin of infection, reported 
per year to the Public Health Agency, Sweden 2010–14 
(n=654) 

Cases from Eritrea, Ethiopia and/or Sudan, reported as 
probable countries of infection for the newly arrived Eritrean 
refugees

Cases from other countries (in 2014: Afghanistan, India, 
Papua New Guinea, Peru and Tanzania)

Cases for whom country of infection has not yet been reported

Data for 2014 are as of 31 August.
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Three parallel transmission chains of measles virus 
(MV) variant ‘D8-Villupuram’ (D8-V) originated from 
two coinciding international mass gathering (MG) 
events in Rimini, Italy, in June 2011. MV D8-V was inde-
pendently introduced into Germany by two unvacci-
nated persons, and into Slovenia by one unvaccinated 
person who had attended these events. Secondary 
spread of D8-V was restricted to two generations 
of transmission in Slovenia as well as in Germany 
where the virus was further disseminated at another 
MG. Serological and epidemiological investigation 
of the D8-V-associated German and Slovenian cases 
revealed different antibody responses and age distri-
butions. Primary infected young persons between 11 
and 27 years-old were affected in Germany, whereas 
the group of Slovenian cases comprised adults aged 
from 28 to 47 years and a high proportion (9/14; 64%) 
of patients with secondary vaccine failure (SVF). Our 
study demonstrates that monitoring of MV transmis-
sion chains in an international context and adequate 
serological investigation of cases with remote vacci-
nation can contribute to identify susceptibility gaps.  

Introduction
The World Health Organization (WHO) European Region 
(EUR) has adopted the goal of eliminating endemic mea-
sles by 2015. In this region, a vaccine coverage of ≥95% 
with two doses of a measles containing vaccine (MCV) 
must be achieved and maintained in order to terminate 
endemic transmission of measles virus (MV) and reach 
a low annual incidence (<1 case per 1 million popula-
tion) [1]. However, the current measles situation in EUR 
is characterised by considerable differences in vaccine 
coverage and incidence across and within countries. 
Only a few countries report absence or sporadic occur-
rence of measles with a low annual incidence while oth-
ers observe resurgence of measles after a long period 
of low incidence (e.g. Slovenia) or are still experiencing 
outbreaks with hundreds or thousands of cases (e.g. 
Germany and Italy) [2]. In 2013, the majority of the EUR 
countries have reported an annual incidence of >1 case 

per one million population (http://data.euro.who.int/
cisid/?TabID=335279, data as 02 April 2014) indicating 
that the elimination target is not yet met. This situation 
implies the urgent need to uncover and analyse chains 
of MV transmission with the objective to identify vul-
nerable groups in the European population. 

Measles is an aerosol-borne and highly contagious viral 
disease characterised by fever and rash. The incuba-
tion period ranges from seven to 21 days from exposure 
to onset of fever and the rash usually appears about 14 
days after exposure [3]. A person infected with MV is 
highly infectious a few days before the rash appears. 
Contagious but not yet symptomatic individuals can 
deliver MV to others and may not be recognised as a 
source of infection. At mass gatherings (MGs), the high 
number of participants in a crowded setting can further 
increase the risk of MV transmission [4]. MV long-dis-
tance spread has repeatedly originated at international 
MGs by participants travelling back to their home coun-
try [5-7] and, as in our study, has even been transmit-
ted from one MG to the next. MGs therefore represent 
a test for countries approaching measles elimination. 
The present study investigates MV transmission chains 
that were initiated at two coinciding international MGs 
held in Rimini, Italy, in June 2011. We demonstrate that 
an adequate serological and molecular-epidemiological 
characterisation of cases linked to MGs may be helpful 
in tracing international MV transmission pathways and 
identifying unprotected population groups.

Methods

Clinical case definition
Measles cases that met the case definition of clini-
cal measles used by the WHO were included into this 
study: ‘Measles is an illness characterized by general-
ized maculopapular rash lasting 3 or more days with 
a temperature of 38.3°C (101°F) or higher, and cough, 
coryza, or conjunctivitis’ [8].
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Collection of clinical samples and case-based 
data
Measles is notifiable in Germany since 2001 [9] and in 
Slovenia since 1948 [10]. Laboratory confirmation of 
notified cases of suspected measles is performed by 
the WHO measles/rubella national reference laborato-
ries (NRLs) of Germany and Slovenia. The NRLs send 
sample collection devices with instructions and a labo-
ratory submission form to local public health authori-
ties, paediatricians and general practitioners as well 
as hospitals. The form collects the patients’ identifier, 
date of birth, sex and age, and asks whether the case 
definition is met. Furthermore, data on specimen col-
lection, onset of rash, complications, immunisation 
status, attendance of community institutions (e.g. kin-
dergartens, schools or hospitals), travel anamnesis, 
attendance at MGs and whether an epidemiological link 
to another case is known are requested by the form. 
The form is filled out by the ambulatory physician or by 
a medical doctor of the local public health institution. 
Additional epidemiological information is provided by 
the local public health institution via electronic mail or 
telephone. The case-based data are deposited in the 
databases of the NRLs.

Collection of data on immunisation status
Data from the immunisation certificate were entered 
into the laboratory request form by the treating phy-
sician (number of doses, dates of vaccination). If the 
immunisation certificate was not available, the vac-
cination status was either classified as ‘unknown’ or 
as ‘vaccinated in accordance to the schedule of man-
datory measles vaccination’ (Slovenia). In Slovenia, a 
MCV was offered first to children born in 1960 and 1961 
and became mandatory for unprotected children born 
since 1962 at school entry. Children born from 1968 
onwards have been vaccinated at eight months of age 
and children born since 1969 received a second dose 
at the age of five years. Since then, mandatory vacci-
nation with two doses of a MCV has been applied. The 
combined measles, mumps, rubella vaccine (MMR) is 
given to children born since 1989. In other republics of 
the former Yugoslavia, introduction of routine measles 
vaccination started later than in Slovenia. In the former 
German Democratic Republic, vaccination with a MCV 
was mandatory since 1970 with one dose and since 
1986 with two doses. In the former Federal Republic 
of Germany, one dose was recommended since 1974. 
In 1991, a nationwide two-dose MCV schedule with 
voluntary application was adopted in Germany; since 
2001, the first dose has been recommended at 11 to 14 
months and the second dose at 15 to 23 months [11].

Laboratory confirmation of suspected cases
Suspected clinical cases of measles were laboratory 
confirmed by detection of MV RNA and/or MV-specific 
IgM antibodies.

Serological investigation and classification of 
cases
MV-specific IgM and IgG antibodies in serum were 
determined by enzyme-linked immunosorbent assay 
(ELISA) (EUROIMMUN AG, Luebeck, Germany). To dis-
criminate between primary infection and secondary 
infection (reinfection), the IgG avidity index (AI) was 
determined in cases with MV RNA detection, by IgG 
Avidity ELISA (EUROIMMUN AG, Luebeck, Germany). A 
low AI (<20%) indicates a primary infection and a high 
AI (≥60%) a reinfection. A reinfection in a patient with a 
remote history of vaccination (>6 weeks) is referred to 
as secondary vaccine failure (SVF). For cases exhibiting 
intermediate AI values (≥20% and <60%), case classifi-
cation considered the interval between onset of symp-
toms and collection of serum.

Detection and genetic identification of measles 
virus
Genetic identification of MV detected in throat swab 
(TS) samples was performed by sequencing the 450 nt 
coding for the carboxy-terminal 150 amino acids of the 
nucleoprotein (N-450) and phylogenetic analysis [12,13] 
as recommended by the WHO [14]. Representative MV 
sequence data were submitted to the WHO Measles 
nucleotide surveillance (MeaNS) database [15] and to 
GenBank.

Criteria for case assignment
A measles case is considered infectious from five days 
before until four days after onset of rash. Successive 
measles cases are epidemiologically linked to each 
other when a subsequent case was in contact with an 
infectious case seven to 18 days before the onset of 
rash [16]. A case was assigned to an identified trans-
mission chain if it met one of the following criteria:

(i) Criterion 1: Case is infected with MV exhibiting 
sequence identity to that of the index case (MV variant 
D8-Villupuram ‘D8-V’) and the case is epidemiologi-
cally linked (directly or via a chain of successive cases) 
to the index case.
(ii) Criterion 2: Case without MV genotype information 
that has been laboratory-confirmed or not laboratory 
investigated is epidemiologically linked directly to the 
index case or a case that meets criterion 1.

Results

Pathways of measles virus transmission
The 16th Italia Super Cup, an international youth 
football tournament, was held close to Rimini, Italy, 
between 2 and 5 June 2011. Two German participants 
showed measles symptoms after returning to their 
place of residence in town A, German federal state of 
Baden-Wuerttemberg, on 15 and 17 June (week 24). The 
time span until onset of disease suggests that both 
cases may have contracted the virus during the football 
tournament (Table, Figure 1). The first case (16 year-old, 
unvaccinated) spread the infection to two unvaccinated 
siblings. The second case (18 years-old, unvaccinated) 
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fell ill while he attended a music festival with 50,000 
visitors (‘Southside Festival’) in Neuhausen ob Eck 
(Baden-Wuerttemberg) between 17 and 19 June, 2011. 
Seven participants of this festival developed symp-
toms of measles between 25 and 30 June (weeks 25 
and 26). One of them passed the infection on to two 
relatives who showed measles symptoms on 4 and 8 
July (week 27).

The outbreak investigation performed by the public 
health authorities revealed two transmission chains 
with a total of 13 epidemiologically linked cases in 
Baden-Wuerttemberg (Figure 2). The presumed epi-
demiological link between the Baden-Wuerttemberg 
cases was confirmed by detecting the identical MV 
variant (MVi/Villupuram.IND/03.07) in the two index 
cases, three of nine secondary cases and one of two 
tertiary cases. This variant was first identified in 2007 
in Villupuram, India. Since it is a predominant variant, 
MVi/Villupuram.IND/03.07 is one of the few ‘named 
strains’ in the Measles Nucleotide Surveillance (MeaNS) 
database (GenBank accession number: FJ765078) and 
referred to as ‘D8-Villupuram’ (D8-V).

Another international sport event, the World Association 
of Kickboxing Organizations (WAKO) Bestfighter World 
Cup Tournament with 2,100 visitors was held in Rimini 
at the same time (3–5 June 2011). An unvaccinated 34 
year-old woman born in the former Yugoslav Republic 
of Macedonia and residing near town H in Slovenia, had 
attended the event as a seminar participant. After her 
return to Slovenia, she developed symptoms of mea-
sles on 17 June (week 24); the time line suggests that 
she may have acquired the infection during her stay 
in Rimini (Table, Figure 1). Eleven contacts in Slovenia 
fell ill between 28 June and 4 July (weeks 26 and 27) 
(Figure 3). Eight of these cases occurred in town H, 
while three respectively occurred in different towns 
located at a distance varying between 24 km and 62 
km of town H. One of the town H cases infected his 
spouse who showed rash and fever on 13 July in (week 
28). MV variant D8-V was detected in the index case, 
nine of 11 secondary cases and the only tertiary case, 
indicating spread of the imported virus in Slovenia. 
Two D8-V associated cases occurred in town H on 29 
June (week 26) and 11 July (week 28), but contacts to 
the identified D8-V transmission chain have not been 
recognised (Figure 3).

Measles virus transmissions in healthcare and 
community institutions in Slovenia
The majority of transmissions of D8-V MV in Slovenia 
occurred in healthcare and community institutions. 
When the index case first presented at a community 
healthcare centre near town H on 15 June, she may 
have transmitted the virus to a person visiting this cen-
tre on the same day, who subsequently was among the 
secondary cases investigated. The index patient also 
transmitted the virus to a staff member of the kinder-
garten which her child frequented. Nine secondary 
cases were putatively infected in a medical centre in 

town H on 19 June. Among them were five staff mem-
bers (3 nurses and 2 facility managers), three patients 
waiting in the same corridor as the index case and a 
visitor of the clinic. The index case was not immedi-
ately recognised as a measles case and consequently 
not isolated for several hours.

Source of identified measles virus
MV variant D8-V has been continuously detected in 
India from 2007 onwards (MVs/Kalahandi.IND/04.08/2, 
GenBank accession number: EU812246; MVs/Dimapur.
IND/14.09, HM773267; MVi/Kasargod.IND/12.10, 
HM358877; MVs/Pune.IND/07.11, JQ083634). The virus 
has been repeatedly introduced into Europe, for exam-
ple by a German tourist from Baden-Wuerttemberg 
returning from India in February 2011 (MVs/Tuebingen.
DEU/08.11). Immediately before the international MGs 
in Rimini started, D8-V was detected in several prov-
inces of central and northern Italy (MVs/Perugia.

Figure 1
Long-distance spread and local distribution of cases 
of measles virus variant D8-Villupuram (D8-V) 
epidemiologically linked to mass gatherings in Rimini, 
Italy, June 2011 (n=28)

a  Criterion 1: case is infected with measles virus exhibiting 
sequence identity to variant D8-V and the case is 
epidemiologically linked (directly or via a chain of successive 
cases) to the index case.

ITA

SVN
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ITA/15.11/3, MVs/Gubbio.ITA/16.11, MVs/Monza.
ITA/21.11, MVs/LAquila.ITA/22.11, F. Magurano, per-
sonal communication, March 2014, MeaNS database). 
Outside of Italy, D8-V was only sporadically observed 
at this time (MVs/Pforzheim.DEU/17.11; MVs/London.
GBR/18.11/2, MVs/Bristol.GBR/21.11, K.E. Brown, per-
sonal communication, March 2014, MeaNS database; 
MVs/Douai.FRA/22.11, F. Freymuth, J. Dina, personal 
communication, March 2014, MeaNS database). A 
D8-V-associated case not linked to the MGs mentioned 
above was detected in week 16 2011 in Freiburg, Baden-
Wuerttemberg (MVs/Freiburg.DEU.26.11), when a child 
had contact to a case who had acquired the infection in 
Rome, Italy. In summary, these data indicate that D8-V 
was a contemporary virus in Italy in spring 2011.

Case classification
MV-serology was used to classify cases with evidence 
of MV shedding (MV RNA detection positive) either as 
primary infection or reinfection. Previously vaccinated 

cases with evidence of reinfection were classified as 
SVF.

Cases in Germany
Of the 13 measles cases in Baden-Wuerttemberg, 
serological test results were obtained for 10 (Table). 
Of these 10, three unvaccinated cases (cases 1.1, 2.7 
and 2.8) and one case with unknown vaccination sta-
tus (case 2.1) were IgM positive and exhibited a low AI. 
Another unvaccinated case (case 2.10) was negative 
for IgM and IgG. These data show primary infection in 
all (5/5) classified cases in Baden-Wuerttemberg. The 
remaining five cases were confirmed by a positive IgM 
in an external laboratory and could not be classified 
(cases 2.2, 2.3, 2.4, 2.5 and 2.6).

Cases in Slovenia
Fourteen of 15 laboratory-confirmed cases were clas-
sified by serology (Table). Of these 14 cases, 12 were 
confirmed by epidemiological link to belong to the 
transmission chain ‘Rimini-Slovenia’ whereas two were 

Figure 2
Chains of transmission of measles virus variant D8-Villupuram (D8-V) identified in Baden-Wuerttemberg, Germany, June–
July 2011 (n=13 cases)

Week in 201124 2625 2827

2.7 town A 
M, 20 y.

2.6 town E 
M, 20 y.

2.8 town F 
M, 24 y.

2.10 town G 
M, 11 y.

Case meets assignment criterion 1 (MV variant D8 -V detected, link to index case 1.1 or 2.1 epidemiologically confirmed)

Case meets assignment criterion 2 (link to index case 1.1 or 2.1 epidemiologically confirmed, MV genotype not determined)

1.2 town A 
M, 19 y.

2.4 town C 
M, 27 y.

2.2 town B 
F, 18 y.

2.5 town D 
M, 23 y.

2.3 town A 
F, 21 y.

2.9 town A 
F, 15 y.

1.3 town A 
F, 14 y.

2.1 town A 
M, 18 y.       

Index case

Transmission chain ‘Rimini -Baden-Wuerttemberg -1‘

Transmission chain ‘Rimini -Baden-
Wuerttemberg -2‘

1.1 town A 
M, 16 y.                  

Index case

F: female; M: male; MV: measles virus; y: years (age of cases is given in years).
The week given for each case refers to the date of onset of illness.

Towns B, C, D, E, F and G were at a distance of town A varying between 35 and 165 km. 
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assigned putatively by molecular evidence (cases 4 
and 5). Four of the five unvaccinated cases were IgM 
positive with negative or borderline IgG values (cases 
3.1, 3.9, 3.3 and 5) and one case was negative for IgM 
and IgG (case 3.2); indicating a primary infection. One 
case with two documented doses of a MCV (case 3.12) 
exhibited a positive IgM and an intermediate AI and was 
classified as a probable SVF. A second case with two 
documented vaccine doses (case 3.13) had a positive 
IgM and a high AI indicating a SVF. Seven cases could 
not provide documentation of vaccination. According to 
the Slovenian vaccination schedule, these individuals 
should have received one dose (cases 3.5, 3.7 and 4) or 
two doses of a MCV (cases 3.4, 3.8, 3.10 and 3.11). All 
had a high AI and were therefore also classified as SVF. 
Among them were two IgM positive (cases 3.7 and 4) 
and five IgM negative cases (cases 3.4, 3.8, 3.5, 3.10 
and 3.11). Overall, 5/14 (36%) primary infected cases, 

8/14 (57%) cases with a SVF and one case (7%) with a 
probable SVF have been observed in Slovenia. The SVF 
cases had received the last vaccination 27 to 42 years 
previously.

Age distribution

Cases in Germany
The 13 cases assigned to the two transmission chains 
in Baden-Wuerttemberg were 11 to 27 years-old and 
included one child (<14 years-old), three adolescents 
(>14 and <18 years-old) and nine young adults (>18 and 
<28 years-old). Overall the median age of the German 
cases was 19 years and the arithmetic mean 18.9 years.

Cases in Slovenia
The 13 cases assigned to the transmission chain in 
Slovenia and the two putatively associated cases were 

Figure 3
Chain of transmission of measles virus variant D8-Villupuram (D8-V) identified in Slovenia, June–July 2011 (n=15 cases)

M: male, F: female; y: years (age of cases is given in years).

The week given for each case refers to the date of onset of illness or sample collection (cases 3.11 and 3.12).
Towns I, J and K were at a distance of town H varying between 24 km and 62 km.

3.2 , town I
M, 34 y.

3.4 , town H, 
M, 30 y.

3.3 , town J 
M, 33 y.

3.5 , town H,
F, 46 y.

3.6 , town H, 
F, 28 y.

3.7 , town H,
F, 42 y.

3.9 , town H,
F, 47 y.

3.11 , town H,
M, 33 y.

3.8 , town K, 
M, 36 y.

3.10 , town H,
M, 35 y.

3.13 , town H,
F, 33 y.

Week in 201124 2625 2827

3.12 , town H,
M, 32 y.

Transmission chain 
‘Rimini-Slovenia‘

Case meets assignment criterion 1 (MV variant D8 -V detected, link to index case 3.1 epidemiologically confirmed)

Case meets assignment criterion 2 (link to index case 3.1 epidemiologically confirmed, MV genotype not determined)

MV variant D8 -V detected, link to index case 3.1 not epidemiologically confirmed  

4 , town H,    
F, 44 y.

5 , town H,      
M, 35 y.

3.1, town H, 
F, 34 y.

Index case                       
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adults aged from 28 to 47 years. A median of 34 years 
and an arithmetic mean of 36.1 years were calculated. 
The cases classified as primary infection (n=5) were 
33 to 47 years-old (median: 34 years, arithmetic mean: 
36.6 years), and the cases of SVF (n=8) or probable SVF 
(n=1) were 30 to 46 years-old (median: 35 years, arith-
metic mean: 36.8 years); the unclassified case was 28 
years-old.

Discussion
A molecular-epidemiological analysis enabled us to 
trace the spread of MV D8-V in Europe disseminated via 
three international MGs (Figure 1). Two of the MGs were 
held in Rimini, Italy, the third was held in Germany. 
Measles spread in the German MG via a case epide-
miologically linked to one of the Italian events. In 2011, 
indigenous MV transmission and a high measles inci-
dence (85.4 cases per 1 million population) had been 
documented in Italy where measles is notifiable and 
vaccination with two doses of a MCV is recommended 
[17,18]. In comparison, measles incidences in Germany 
and Slovenia were 19.5 and 10.8 cases per one mil-
lion population respectively [17]. D8-V was frequently 
detected in central and northern Italy immediately 
before the MG in Rimini started (F. Magurano, per-
sonal communication, March 2014). This finding sug-
gests that dissemination of MV D8-V to Germany and 
Slovenia was linked to a source in Italy and stresses 
the high risk of measles exposure at MGs in a country 
with high measles incidence.

Two transmission chains in Germany and one in 
Slovenia were initiated by unvaccinated participants 
(Figures 2 and 3). Transmission of the imported D8-V 
in Germany resulted in two chains with a total of 13 
identified cases that occurred in the Federal State of 
Baden-Wuerttemberg. The first German index case 
initiated only one generation of familial MV transmis-
sion (two cases); the second disseminated the virus at 
a music festival in Baden-Wuerttemberg with 50,000 
participants, initiating two generations of virus trans-
mission apparently restricted to Baden-Wuerttemberg. 
The chain in Slovenia comprised two generations of 
virus transmission with 13 assigned cases plus two 
putative cases.

Multiple transmissions of D8-V indicate that pockets 
of susceptible persons persist in Germany as well as 
in Slovenia. In Germany, the immunisation coverage 
increased from 2000 to 2010 for the first dose from 
91.1% to 96.4% and for the second dose from 19.4% 
to 91.5% [19]. In contrast, in Slovenia where vaccina-
tion with two doses of a MCV has been mandatory for 
children born since 1969, >95% coverage for the sec-
ond dose has been sustained since 1983 [10]. Slovenia 
had reported absence of measles cases from 2000 to 
2009, and a low incidence of one case per one million 
population in 2010 [10], whereas Germany had con-
tinuously experienced an annual incidence of >1 case 
per one million population [2,20]. The resurgence of 
measles in Slovenia demonstrates that absence of 

indigenous transmission over a long period cannot be 
equated with the absence of pockets of susceptibles 
in the population. The short circulation period of <6 
weeks for the imported D8-V suggests that the propor-
tion of susceptibles in the Slovenian as well as in the 
German population was not high enough to allow sus-
tained transmission.

Twelve of the 13 German cases were unvaccinated and 
11 to 27 years-old, adding evidence to a lack of protec-
tion in this age group [6,9,11]. In contrast, older indi-
viduals aged 28 to 47 years were affected in Slovenia. 
Moreover, there was no age difference between the 
unvaccinated primary infected Slovenian cases (n=5; 
mean age: 36.6 years, median age: 34 years) and the 
SVF cases (n=9; mean age: 36.8 years, median age: 
35 years). Two previous Slovenian cases associated 
with other MV genotypes (B3 and D4, data not shown) 
were of the same age group, indicating that the older 
age of the Slovenian cases was not particular for the 
transmission chain of D8-V. Recent outbreaks in the 
EUR were characterised by lower median ages, e.g. of 
11 years for the epidemic in Switzerland between 2006 
and 2009 and of 13.5 years in Bulgaria between 2009 
and 2011 [13,21]. The unusual high age of the cases in 
Slovenia may be due to absence of measles for a dec-
ade and the resulting shift of the susceptibles to higher 
age groups.

The proportion of SVF among the Slovenian cases was 
remarkably high (9/14; 64%). Case reports of SVF, 
i.e. measles infection in individuals with a previously 
documented seroconversion after MCV vaccination, are 
considered rare [22]. However, several reports describe 
a significant proportion of SVF in populations with sus-
tained high vaccination coverage [23-25] after long 
absence of MV transmission with the resultant lack of 
natural boosting, and waning of both the concentration 
as well as the avidity of anti-measles IgG antibodies 
[26]. Since the vaccination coverage in Slovenia has 
been continuously high over a long period, waned 
immunity may explain the high proportion of SVF. In 
case of SVF, MV replicates in presence of pre-existing 
vaccine induced neutralising antibodies. Viral replica-
tion and transmission is therefore limited and spread of 
MV occurs rarely, if at all [27]. The transmission chain 
in Slovenia showed two successive SVF cases within 
a family, indicating that a symptomatic SVF case can 
contribute to MV transmission. Our observation may 
serve as an incentive to monitor SVF more carefully, 
since the risk of emerging vaccine-escape variants is 
enhanced in such a setting due to exposure of virus to 
vaccine induced neutralising antibodies.

In Slovenia, MV D8-V was transmitted nosocomially in 
healthcare institutions (six infected healthcare work-
ers, HCWs) or in community facilities. Only one 47 
year-old HCW showed a primary infection that could 
have been prevented by a prior vaccination. This case 
demonstrates the need of providing evidence of pro-
tection by documentation of two doses of a MCV and/
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or a positive MV-specific IgG for all HCWs regardless 
of their year of birth. The five other cases occurred 
among previously vaccinated HCWs due to SVF. None of 
the infected HCWs caused a further nosocomial trans-
mission, which might be explained by a reduced viral 
shedding in case of SVF. Measles among both unvac-
cinated and vaccinated HCWs has also been reported 
from recent epidemics in Europe [28,29], but the role 
of SVF has rarely been investigated [30].

Our study highlights the high risk of contracting MV at 
international MGs in Europe and shows that MV D8-V 
has spread from Italy to Germany and Slovenia with 
subsequent local transmission. The restricted length 
of the identified local chains to two generations of 
transmission suggests that the immunisation cover-
age in the affected regions was high enough to prevent 
sustained MV transmission. We identified once more 
unvaccinated adolescents and young adults as a vul-
nerable group in Germany [31], whereas transmission 
of D8-V in Slovenia was observed in young and middle 
aged adults, most of whom were vaccinated (10 cases 
of 15). The finding of a high proportion of SVF (9/14; 
64%) among the Slovenian cases emphasises the 
necessity of laboratory-based case investigation as 
well as studies assessing population immunity in coun-
tries with long absence of MV circulation like Slovenia. 
In highly vaccinated populations, suspected measles 
infection in patients with a remote history of vaccina-
tion should be investigated by viral RNA detection, 
IgM, IgG and IgG avidity testing to uncover vaccine fail-
ure. SVF and its contribution to measles transmission 
should be surveyed closely. Participants of MG should 
check their vaccination status and those who cannot 
provide evidence of protection should receive at least 
one dose of MMR vaccine. This measure could help to 
close the immunisation gaps among adolescents and 
young adults in the EUR. 
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Ebolavirus disease (EVD) outbreaks have been occur-
ring sporadically in Central Africa since 1976. In 
2014, the first outbreak in West Africa was reported 
in Guinea. Subsequent outbreaks then appeared in 
Liberia, Sierra Leone and Nigeria. The study of envi-
ronmental factors underlying EVD epidemiology may 
provide useful insights into when and where EVD 
outbreaks are more likely to occur. In this paper, we 
aimed to investigate the association between climatic 
factors and onset of EVD outbreaks in humans. Our 
results suggest lower temperature and higher abso-
lute humidity are associated with EVD outbreak onset 
in the previous EVD outbreaks in Africa during 1976 
to 2014. Potential mechanisms through which climate 
may have an influence on ebolavirus infection in the 
natural host, intermediate hosts and humans are dis-
cussed. Current and future surveillance efforts should 
be supported to further understand ebolavirus trans-
mission events between and within species.  

Introduction
Ebolaviruses were first recognised as causing ebola-
virus disease (EVD) in humans in outbreaks in South 
Sudan and the Democratic Republic of the Congo in 
Central Africa in 1976 [1,2]. The recent EVD outbreak 
in Guinea in 2014 is the first reported in West Africa 
[3]. Initial confirmed and probable cases in Liberia and 
Sierra Leone are reported to have travelled to Guinea 
[4]. These cases were followed by more extensive out-
breaks in the two countries and later on a small num-
ber of ebolavirus disease cases were also detected in 
Nigeria. Genome sequencing analyses revealed that 
the Zaire ebolavirus causing the outbreak in Guinea 
was 97% identical to the Zaire ebolaviruses that had 
previously caused an outbreak in the Democratic 
Republic of the Congo and Gabon [5]. Phylogenetic 
analyses showed the virus isolated in Guinea belongs 
to a separate clade from previous Zaire ebolaviruses 
identified in the Democratic Republic of the Congo and 
Gabon [5]. Other ebolaviruses identified in previous 
EVD outbreaks in humans in Africa included the Sudan, 
Côte d’Ivoire and Bundibugyo species [1,6]. Despite the 
capacity of ebolaviruses to be transmitted between 

species, including humans, only sporadic outbreaks 
have been reported and most of them were limited to 
Central Africa. The spread of the current EVD outbreak 
outside central African countries to those in western 
Africa with a high volume of cross-border and inter-
national travel have raised concern regarding further 
spread to other countries within and outside Africa. 
Despite recent progress in human trials of treatment 
and vaccines, ebolavirus infections continue to pose a 
serious public health threat due to the high case fatal-
ity risk.

In some previous outbreaks, investigations revealed 
a clear connection between EVD and contact with the 
natural reservoir or infected intermediate hosts includ-
ing bats, chimpanzees and other primates [1,7]. The 
European Centre for Disease Prevention and Control 
rapid risk assessment concluded direct contact with 
contaminated secretions, blood, organs and other bod-
ily fluids of living or dead infected persons or animals 
or with objects heavily contaminated with such fluids 
have a high potential to lead to transmission [8]. EVD 
has also arisen as a result of importation of infected 
animals and laboratory contamination [1] but was not 
followed by sustained human-to-human transmission.

Seasonal and cyclical patterns of ebolavirus infections 
have been observed, suggesting seasonal changes 
in factors such as climate maybe useful predictors of 
EVD outbreaks [9,10]. Examination of these factors 
may also provide some insight into why EVD had been 
limited to central parts of Africa in the past and why it 
has started to appear in West Africa. The objective of 
this study was to investigate the association between 
climatic conditions and EVD outbreaks in Africa that 
occurred between 1976 and 2014, and to discuss 
potential mechanisms to which climate may have an 
influence on ebolavirus infection in the natural host, 
intermediate hosts and humans.
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Methods

Sources of data
A total of 28 reported EVD outbreaks in Africa were 
identified from records and references listed on 
the United States Centers for Disease Control and 
Prevention website [1]. These outbreaks have occurred 
in the Democratic Republic of the Congo, Congo, South 
Sudan, Gabon and Uganda since 1976, and recently in 
Guinea. Because this study is focused on emergence 
and local transmission of the viruses, two reports 
involving a medical professional who treated a case 
from an outbreak in Gabon and later travelled imme-
diately to South Africa in 1996, and a scientist who 
performed an autopsy of a wild chimpanzee in Côte 
d’Ivoire in 1994 were excluded.

The onset of an outbreak is defined by the date of the 
first reported probable or laboratory-confirmed case. 
Climate data, including ambient temperature, vapour 
pressure and dew point, at the outbreak locations were 
obtained from the Climate Research Unit, University of 

East Anglia, United Kingdom [11]. Absolute humidity 
was calculated using the conversion formula published 
by the National Aeronautics and Space Administration 
[12].

Statistical methods
A distributed lag non-linear model (DLNM) developed 
by Gasparrini et al. [13] was used in our analyses to 
examine the association between climatic factors and 
EVD outbreaks [7]. DLNM was used since it allows for 
a non-linear exposure–response relationship and pro-
vides flexibility in modelling the time structure of the 
relationship. The time structure is specified so that the 
log odds of an EVD outbreak can vary between each lag 
period following exposure of humans and intermediate 
host and natural host populations to certain climatic 
conditions at each outbreak area.

An earlier report of a detailed EVD outbreak investiga-
tion suggested exposure of the first cases to infected 
bats might precede detected outbreaks in humans by 
three months [7]. Lagged effects of one month, two 
months and three months were considered when our 

Table 1
Characteristics of human ebolavirus disease outbreaks in five African countries included in analyses of the effect of climatic 
conditions, 1976–2014
 

Country Area Onset of first 
outbreak

End of last 
outbreak

Years of climate 
data analysed

Ebolavirus 
species

Mean 
temperature  

in °C (SD)

Mean absolute 
humidity  

in kg/m3 (SD)

Guinea
Guékédou Jan 2014 Ongoing 2013–2014a Zaire 25.53 (0.96) 16.50 (1.55)
Macenta Jan 2014 Ongoing 2013–2014a Zaire 24.79 (0.94) 15.22 (1.50)

Kissidougou Jan 2014 Ongoing 2013–2014a Zaire 25.31 (1.08) 15.70 (2.04)

Gabon

Andock Dec 1994 Feb 1995 1993–1995 Zaire 26.50 (1.08) 20.10 (1.27)
Mayibout II Jan 1996 Apr 1996 1995–1996 Zaire 24.80 (0.94) 18.38 (0.62)

Booué Jul 1996 Jan 1997 1995–1997 Zaire 26.37 (0.93) 19.76 (0.88)
Ogooué-Ivindo Oct 2001 Mar 2002 2000–2002 Zaire 25.38 (1.06) 18.86 (0.74)

Democratic 
Republic of the 
Congo

Bumba Sep 1976 Oct 1976 1975–1976 Zaire 24.94 (0.63) 18.17 (0.35)
Tandala Jun 1977 Jun 1977 1976–1977 Zaire 25.50 (0.70) 18.67 (0.57)
Kikwit Jan 1995 Jul 1995 1994–1995 Zaire 25.18 (0.57) 17.55 (1.54)

Cuvette-Ouest Dec 2002 Dec 2003 2001–2003 Zaire 24.93 (0.89) 18.49 (0.74)
Kasai Occidental May 2007 Oct 2007 2006–2007 Zaire 24.84 (0.53) 18.21 (0.80)

Mweka Nov 2008 Jan 2009 2007–2009 Zaire 24.81 (0.55) 18.21 (0.80)
Luebo Nov 2008 Jan 2009 2007–2009 Zaire 24.44 (0.61) 17.75 (0.96)
Isiro Aug 2012 Oct 2012 2011–2012 Zaire 24.32 (1.36) 18.45 (0.97)

South Sudan
Nzara Jun 1976 Oct 1979 1975–1979 Sudan 24.27 (0.98) 15.95 (1.57)

Yambio Apr 2004 Jun 2004 2003–2004 Sudan 26.05 (1.18) 17.51 (1.73)

Uganda

Gulu Aug 2000 Jan 2001 1999–2001 Sudan 24.69 (1.26) 15.27 (1.59)
Masindi Aug 2000 Dec 2000 1999–2000 Sudan 23.17 (0.87) 15.15 (0.87)
Mbarara Aug 2000 Jan 2001 1999–2001 Sudan 19.79 (0.66) 13.00 (0.75)

Bundibugyo Aug 2007 Dec 2007 2006–2007 Bundibugyo 18.76 (1.16) 13.02 (0.81)
Luwero May 2011 Nov 2012 2010–2012 Sudan 23.27 (1.26) 15.54 (0.95)
Kibaale Jul 2012 Aug 2012 2011–2012 Sudan 25.19 (0.99) 16.20 (1.82)

SD: standard deviation.
a Climate data were available until 2012; climatic conditions in 2013 and 2014 were imputed from climate data during the previous three years.
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models were fitted. The relationship between exposure 
variables (monthly temperature and absolute humidity) 
and the log odds of response (onset of an EVD outbreak 
in humans) were specified using first (linear) and sec-
ond (quadratic) degree orthogonal polynomials in bino-
mial regression models. Likewise, zeroth (uniform), 
first (linear) and second (quadratic) degree orthogonal 
polynomials were used to specify the time structure of 
the exposure–response relationship.

Climate data were available until 2012 and the monthly 
temperature and absolute humidity in 2013 and 2014 
were imputed using the mean same month observa-
tions during the previous three years. Climate data for 

Gabon was used for one outbreak that occurred at the 
border between Congo and Gabon.

Annual climate data from the year before the first out-
break to the year of the last outbreak at each outbreak 
area were analysed. Odds ratios of EVD outbreaks asso-
ciated with deviation from mean climatic conditions 
over these years were calculated. The standardised 
monthly temperature and absolute humidity were visu-
alised and variance inflation factors were calculated to 
inspect for multicollinearity between the two explana-
tory variables. The standardisation was carried out 
within each of the smallest geographical jurisdictions 
described in the outbreak reports. Separate models 

Figure 1
Geographical distribution of human ebolavirus disease outbreaks included in analyses of monthly temperature and absolute 
humidity, 1976–2014

Democratic Republic of the Congo
1976−2012

Gabon
1995−2002

Uganda
2000−2012

Guinea
2014

Congo
2001−2002

South Sudan
1979−2004

The red circles represent the outbreak areas.
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were used for temperature and absolute humidity when 
evidence of multicollinearity was observed.

General estimating equations (GEE) [14] were used to 
adjust for correlations between multiple observations 
within the smallest geographical jurisdiction described 
in the outbreak reports. Both pooled and stratified 
analyses were performed for the five outbreak coun-
tries: the Democratic Republic of the Congo, Gabon, 
Guinea, South Sudan and Uganda. Quasilikelihood 
under the independence model criterion (QIC) is a 
modification of Akaike’s information criterion (AIC) for 
models using GEE [15]. All model specifications were 

evaluated using QIC and the final models with the low-
est QIC were selected.

Results
The geographical distribution of EVD outbreaks in the 
Democratic Republic of the Congo, Gabon, Guinea, 
South Sudan and Uganda is shown in Figure 1. The 
mean and standard deviation of monthly temperature 
and absolute humidity, causative ebolavirus species 
and outbreak period in each outbreak area are listed in 
Table 1 [1,6,16]. In Guinea, the mean temperature was 
rather similar to that of other areas with outbreaks of 
Zaire ebolavirus disease (in the Democratic Republic 
of the Congo and Gabon), while the mean absolute 

Figure 2
Standardised monthly temperature and absolute humidity in five African countries with human ebolavirus disease 
outbreaksa, 1976–2014

SD: standard deviation. 
Standardised monthly temperature (red circles) and absolute humidity (blue circles) are shown.
The observations during onset months of ebolavirus disease outbreaks are highlighted as black circles. The mean and standard deviation of 

temperature and absolute humidity and the years of climate data included in the analyses for each outbreak area can be found in Table 1.

a Democratic Republic of the Congo, Gabon, Guinea, South Sudan and Uganda. An outbreak occurring at the border of the Republic of Congo 
and Gabon was included here as an outbreak in Gabon.
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humidity was lower, as in areas where previous out-
breaks of Sudan ebolavirus disease occurred (Sudan 
and Uganda) [1]. Standardised monthly temperature 
and absolute humidity in the five countries analysed 
are shown in Figure 2. Consistent patterns in annual 
variation of temperature were observed across the five 
countries: June to August was generally cooler than the 
mean with February to April being the warmer months. 
The annual pattern of absolute humidity was, however, 
less consistent between countries. While the abso-
lute humidity remained above the mean from April to 
November in Guinea and South Sudan, only March and 
April were more humid in the other three countries. In 
Gabon, July and August were noticeably drier, but this 
was not seen elsewhere. Since temperature and abso-
lute humidity in the Democratic Republic of the Congo 
and Gabon were highly positively correlated (Figure 
3), separate models were used in analysing their cor-
relation with EVD outbreak onset. The variance infla-
tion factors were low in Guinea, South Sudan, Uganda 

and in the pooled analyses, therefore temperature and 
absolute humidity were included as covariates in the 
same models.

In the pooled analysis, the best-fitting model speci-
fied a uniform exposure–response relationship across 
the two months’ lag period for temperature and the 
three months’ lag period for absolute humidity (Table 
2). Lower temperature and higher humidity (standard 
deviation) were found to log-linearly associate with 
increased risk of human EVD outbreak onset during 
each month in the lag periods. The estimated cumu-
lative log odds ratio of human EVD outbreak onset at 
each month following exposure of humans and inter-
mediate host and natural host populations to cer-
tain climatic conditions are shown in Figure 4. These 
associations were shown to be statistically significant 
across the entire lag period (Tables 3 and 4). Analyses 
stratified by country were underpowered and analyses 
only including areas with Zaire ebolavirus outbreaks 

Figure 3
Correlation between standardised mean monthly temperature and absolute humidity in five African countries with human 
ebolavirus disease outbreaksa, 1976–2014

SD: standard deviation.
The correlation between standardised mean monthly temperature and absolute humidity is shown as grey circles. The observations during 

onset months of ebolavirus disease outbreaks are highlighted as black circles. The years of climate data included in the analyses for each 
outbreak area can be found in Table 1.

a Democratic Republic of the Congo, Gabon, Guinea, South Sudan and Uganda. An outbreak occurring at the border of the Republic of Congo 
and Gabon was included here as an outbreak in Gabon.
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produced consistent conclusions (Figure 5). Stratified 
analyses for Sudan and Bundibugyo species were 
underpowered. The specifications of the best-fitting 
stratified models can be found in Table 2.

Discussion
Our analyses of human EVD outbreaks in Africa sug-
gest that the onset of these outbreaks was associated 
with conditions with higher absolute humidity and 
lower temperature when their time-lagged effects are 
taken into account. This is one of the first studies to 
examine the association between climatic factors and 
EVD outbreaks in humans. Our findings are consistent 
with the prediction of previous ecological niche models 
that ebolaviruses are more likely to be distributed in 
areas of humid Afrotropic rainforests where the tem-
perature is moderate [17]. Previous EVD outbreaks in 
humans have been observed in both dry and wet sea-
sons [9,10,18-20]. This is consistent with our analysis 
(Figure 2), which shows that when the time-lagged 
effect of environmental exposure is not considered, 
EVD outbreaks do not have a clear association with 
temperature and humidity.

On the basis of knowledge of ebola-related viruses, 
there has been speculation that plants, arthopods, 

bats and many other animals could be the natural host 
for ebolaviruses [21]. However, to date, evidence of 
potential ebolavirus persistence has only been found 
in bats [22]. Further animal virological studies are 
required to identify and verify all natural host species 
for ebolaviruses. Although seasonal patterns of ebola-
virus infections among bats and other potential natural 
hosts have not been fully characterised, seropreva-
lence studies in bats have found the highest rates of 
seropositivity among adults and pregnant females [23]. 
This finding leads to the postulation that fighting and 
mating among bats may be associated with ebolavirus 
transmission [23]. These behaviours have been docu-
mented to be most frequent during rainy or wet sea-
sons [24]: this may partly explain how climatic factors 
are associated with ebolavirus infection risk among 
bats, one of the potential natural hosts.

Viral persistence studies in EVD patients have found 
the virus to be more persistent in semen than in other 
bodily fluids and fomites [25]. Ebolavirus was found to 
remain detectable in semen for up to 91 days [26]. This 
finding highlights the relative importance of sexual 
transmission, if virus shedding in bats follows a simi-
lar pattern.

Table 2
Model specifications of the best-fitting models selected based on quasilikelihood under the independence model criterion, 
in five African countries with human ebolavirus outbreaks, 1976–2014

Country and outbreaks 
by ebolavirus species

Lag period 
following 

exposurea to 
temperature 
(in months)

Lag period 
following 
exposurea 

to absolute 
humidity (in 

months)

Degree of orthogonal 
polynomial used to 

specify the relationship 
between temperature 

and the log odds of EVD 
outbreak

Degree of orthogonal 
polynomial used to 

specify the relationship 
between absolute 

humidity and the log 
odds of EVD outbreak

How odds ratio 
vary across 
lag period 
following 

exposurea to 
temperature

How odds ratio 
vary across 
lag period 
following 

exposurea 
to absolute 

humidity
Country
Pooled 2 3 1st 1st Uniform Uniform
Guineab – – – – – –
Gabonc 2 NA 1st NA Uniform NA
Gabond NA 2 NA 1st NA Uniform
Democratic Republic of 
the Congoc 2 NA 1st NA Uniform NA

Democratic Republic of 
the Congod NA 1 NA 2nd NA Uniform

South Sudan 1 1 1st 1st Uniform Uniform
Uganda 2 3 1st 2nd Uniform Uniform
Ebolavirus species
Zaire species outbreaks 2 3 1st 1st Uniform Uniform
Sudan species outbreaks 2 3 1st 1st Uniform Uniform
Bundibugyo species 
outbreaksb – – – – – –

EVD: ebolavirus disease; NA: not applicable.
a Exposure of humans and intermediate host and natural host populations.
b The analysis was not performed due to insufficient number of outbreaks.
c Model including temperature as explanatory variable.
d Model including absolute humidity as explanatory variable.
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Seasonal migration of fruit bats may result in increased 
contact with humans and other animals [10]. An out-
break investigation in the Democratic Republic of the 
Congo in 2007 linked the first human case to migratory 
bats that stayed in the area during the migratory sea-
son [7]. Further investigation should be carried out to 
study whether disruption/change in migratory route or 
virus acquisition in other bat species with a different 

geographical range would explain the first outbreak 
in West Africa. Bats host many viruses that are highly 
pathogenic in other mammals [27]. It has been hypoth-
esised that flight activities maintain a high body tem-
perature and metabolic rate, which may mimic the 
effect of a febrile immune response in limiting viru-
lence of a virus that may otherwise be highly patho-
genic [27,28]. Seasonal environmental and behavioural 

Figure 4
Estimated cumulative odds ratios of onset of human ebolavirus disease outbreaks at each month following exposure of 
humans and intermediate host and natural host populations to certain climatic conditions in five African countries with 
human ebolavirus disease outbreaksa, 1976–2014

CI: confidence interval; OR: cumulative odds ratio; SD: standard deviation.
The lag period was two months for the effect of temperature and three months for absolute humidity. The OR was calculated with reference to 

ebolavirus disease outbreak onset risk at mean temperature/absolute humidity conditions. The 95% CIs for the estimated cumulative log 
OR at the end of the lag period are shown as the two lines enclosing the surface that shows the cumulative log OR. The mean and standard 
deviation of temperature and absolute humidity, and the years of climate data included in the analyses for each outbreak area can be found 
in Table 1. Numerical values for all ORs and 95% CIs can be found in Tables 3 and 4.

a  Democratic Republic of the Congo, Gabon, Guinea, South Sudan and Uganda. An outbreak occurring at the border of the Republic of Congo 
and Gabon was included here as an outbreak in Gabon.
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Table 3
Estimated cumulative odds ratio of onset of human ebolavirus disease outbreaks at each month following exposure to 
temperature conditionsa, 1976–2014

Temperature (SD)
Same month First month Second month
OR (95% CI) OR (95% CI) OR (95% CI)

−3 1.71 (1.08–2.70) 2.93 (1.17–7.29) 5.00 (1.27–19.68)
−2 1.43 (1.06–1.94) 2.05 (1.11–3.76) 2.93 (1.17–7.29)
–1 1.20 (1.03–1.39) 1.43 (1.06–1.94) 1.71 (1.08–2.70)
0 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
1 0.84 (0.72–0.97) 0.70 (0.52–0.95) 0.58 (0.37–0.92)
2 0.70 (0.52–0.95) 0.49 (0.27–0.90) 0.34 (0.14–0.85)
3 0.58 (0.37–0.92) 0.34 (0.14–0.85) 0.20 (0.05–0.79)

CI: confidence interval; OR: cumulative odds ratio; SD: standard deviation.
a Estimated from the best-fitting model for the pooled analyses of outbreaks caused by Zaire, Sudan and Bundibugyo ebolaviruses in Guinea, 

Gabon, Democratic Republic of the Congo, South Sudan and Uganda. The outbreak areas and time period included in the analyses are 
described in Table 1. The best-fitting model included two months as the duration of the lag effect. 
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factors such as long migratory flight may influence 
body temperature and metabolic rate in bats. This may 
result in altered susceptibility to and severity of ebola-
virus infection. Reduction in susceptibility and severity 
may have bidirectional effects on ebolavirus transmis-
sion dynamics. While less severe infections may allow 
infected bats to remain active in transmitting the virus, 
reduction in susceptibility may reduce the overall infec-
tion rate among the bat population.

Peaks in mortality due to EVD in chimpanzees, gorillas 
and duikers (a type of antelope) were observed to coin-
cide with some of the previous human EVD outbreaks 
[29]. EVD outbreaks in non-human primates have 
mostly been reported to occur at the end of rainy sea-
sons [10,30,31]: however, it has been unclear whether 
this was due to earlier humid conditions or current dry 
conditions. As in bats, the behaviour of non-human 
primates and their exposure to bats may vary with the 

Table 4
Estimated cumulative odds ratios of onset of human ebolavirus disease outbreaks at each month following exposure to 
absolute humidity conditionsa, 1976–2014

Absolute humidity (SD)
Same month First month Second month Third month
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

−3 0.64 (0.40–1.00) 0.40 (0.16–1.00) 0.26 (0.07–1.00) 0.16 (0.03–1.00)
−2 0.74 (0.55–1.00) 0.55 (0.30–1.00) 0.40 (0.16–1.00) 0.30 (0.09–1.00)
−1 0.86 (0.74–1.00) 0.74 (0.55–1.00) 0.64 (0.40–1.00) 0.55 (0.30–1.00)
0 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
1 1.16 (1.00–1.35) 1.35 (1.00–1.83) 1.57 (1.00–2.47) 1.83 (1.00–3.34)
2 1.35 (1.00–1.83) 1.83 (1.00–3.34) 2.47 (1.00–6.11) 3.34 (1.00–11.18)
3 1.57 (1.00–2.47) 2.47 (1.00–6.11) 3.88 (1.00–15.11) 6.10 (1.00–37.37)

CI: confidence interval; OR: cumulative odds ratio; SD: standard deviation.
a  Estimated from the best-fitting model for the pooled analyses of outbreaks caused by Zaire, Sudan and Bundibugyo ebolaviruses in Guinea, 

Gabon, Democratic Republic of the Congo, South Sudan and Uganda. The outbreak areas and time period included in the analyses are 
described in Table 1. The best-fitting model included three months as the duration of the lag effect. 

Figure 5
Estimated cumulative odds ratios of onset of human Zaire ebolavirus disease outbreaks at each month following exposure 
of humans and intermediate host and natural host populations to certain climatic conditions in three African countries 
with human Zaire ebolavirus disease outbreaksa, 1976–2014

CI: confidence interval; OR: cumulative odds ratio; SD: standard deviation.
The lag period was two months for the effect of temperature and three months for absolute humidity. The OR was calculated with reference to 

Zaire ebolavirus disease outbreak onset risk at mean temperature/absolute humidity conditions. The 95% CIs for the estimated cumulative 
log OR at the end of the lag period are shown as the two lines enclosing the surface that shows the cumulative log OR. The mean and 
standard deviation of temperature and absolute humidity, and the years of climate data included in the analyses for each outbreak area can 
be found in Table 1. Numerical values for all ORs and 95% CIs can be found in Tables 3 and 4.

a  Democratic Republic of the Congo, Gabon, Guinea, South Sudan and Uganda. An outbreak occurring at the border of the Republic of Congo 
and Gabon was included here as an outbreak in Gabon.

M
on

th
 si

nc
e e

xp
os

ur
e0.0

0.5

1.0

1.5

2.0

Temperature (SD)

−3
−2

−1
0

1
2

3

Cum
ulative log O

R outbreak

−6

−4

−2

0

2

4

Month since exposure

0.0
0.5

1.0
1.5

2.0

2.5

3.0 Absolute humidity (SD)

−3

−2

−1
0

1
2

3

Cum
ulative log O

R outbreak

−6

−4

−2

0

2

4

−6

−5

−4

−3

−2

−1

0

1

2

3

4



24 www.eurosurveillance.org

season. A study of chimpanzees in Côte d’Ivoire found 
that they made a higher number of kills per day when 
hunting in the wet seasons [32]. This may lead to a sud-
den increase in consumption or contact with prey that 
is a natural reservoir of ebolaviruses. Furthermore, 
increased social mixing during wet seasons may also 
facilitate transmission of ebolaviruses among chim-
panzees [24]. Similarly, human-to-human and human-
to-animal contact patterns may have a seasonal effect 
on the risk of an EVD outbreak in humans.

While natural hosts such as bats can serve as a common 
source of cross-species transmission for humans and 
other primates, non-human primates can act as inter-
mediate hosts in zoonotic events that result in human 
infections. Therefore, the time frame of the spillover 
effect of environmental exposure in the natural hosts 
may depend on the transmission chain of the zoonotic 
events and how these events are associated with cli-
mate. Environmental exposure may also have tran-
sient, immediate effects on the susceptibility to and 
severity of ebolavirus infection among natural hosts, 
intermediate hosts and humans. Previous experimen-
tal studies have found human exposure to low tem-
perature may trigger changes in the immune response 
[33-36]. If these effects are conserved between these 
hosts, periods of suitable climatic conditions may pro-
vide windows of opportunity for cross-species trans-
mission to occur. Serosurveillance studies in human 
populations in Africa have revealed a much higher 
prevalence of ebolavirus antibodies than the attack 
rate reported in previous EVD outbreaks [37,38]. This 
may suggest that exposure of humans to ebolaviruses 
or other cross-reactive pathogens was more prevalent 
than previously thought. In fact, a study of contacts 
of EVD patients has revealed that some ebolavirus 
infections can be mild or asymptomatic [39]. Tissue 
tropism of ebolaviruses has been studied: the viruses 
were found to target and infect immune cells including 
monocytes, macrophages and immature dendritic cells 
and to cause highly pathological immune responses 
[40,41]. Further studies should characterise how previ-
ously identified environmental effects on the immune 
response [33-36] may translate to ebolavirus infection 
outcomes. Since EVD cases with milder symptoms are 
more likely to be under-reported, the observed EVD 
outbreak pattern may in part be attributable to sea-
sonal differences in EVD severity.

In the past, EVD outbreaks were confined to the cen-
tral African countries and it is essential to understand 
why EVD has appeared in West Africa. This will have 
implications on how likely it is that EVD outbreaks will 
occur in the rest of the world. Climate has been found 
in our study to be associated with EVD outbreaks and, 
as discussed in this paper, there are a number of ways 
in which climate could be associated with the seasonal 
risk factors of EVD outbreaks. Further studies should 
investigate the potential impact of climate change on 
the geographical boundary of the virus and the time 
period in which EVD is likely to occur.

There are a number of limitations in this study. The ini-
tial identification of EVD outbreaks in Africa has mostly 
been reliant on the clinical manifestation of cases; 
however, some EVD cases presented with non-specific 
symptoms that can be easily confused with other dis-
eases that are endemic in Africa [42]. Due to the limited 
resources and remoteness of some of the rural areas 
where human–animal contacts are most frequent, 
some EVD outbreaks might be under-detected. Delayed 
detection of EVD outbreaks should be expected and we 
addressed this by using distributed time-lag models. 
However, it is still difficult to interpret or construct the 
time structure of the exposure–response relationship 
since little information on reporting delays is available. 
The incubation period of EVD may be up to 21 days or 
more [43], and this has to be taken into account when 
interpreting time-lagged effects of environmental 
exposures. The choice of time structure of the expo-
sure–response relationship is based on the model best 
fitting our data. Given that EVD outbreaks in humans 
are rather rare, our study may be underpowered to 
investigate a more sophisticated time structure of the 
exposure–response relationship and to detect a non-
linear exposure–response relationship. The earliest 
few human cases are likely to be under-detected and 
our study may have excluded smaller EVD outbreaks 
that were unreported. While climatic variation can be 
a useful predictor, its association with EVD outbreaks 
may depend on other ecological and environmental 
factors, as well as on natural host species that vary 
between geographical areas. Our findings may there-
fore only apply to areas that share similar characteris-
tics with the outbreak areas included in the analyses. It 
is most likely that ecological and environmental differ-
ences also exist between outbreak areas included the 
analyses. Our country-specific analyses were unfortu-
nately underpowered, as EVD outbreaks are rare. It is 
also possible that the association between climate and 
EVD is specific to ebolavirus species. Our study was 
only able to provide estimates for Zaire ebolavirus out-
breaks since there were fewer outbreaks due to other 
ebolavirus species.

In order to understand the transmission dynamics 
of ebolavirus, current efforts in identifying the natu-
ral and intermediate hosts of ebolaviruses should be 
continued and supported. A better understanding of 
the chain of transmission from the natural reservoir to 
humans is essential for characterising the epidemiol-
ogy of ebolavirus infections and directing public health 
preventive policies. Longitudinal serological and viro-
logical surveillance studies will help in identifying the 
event sequence and interfaces that are important for 
outbreaks in humans. Our study focused on the onset 
of EVD outbreaks, as we aimed to investigate envi-
ronmental factors that are associated with cross-spe-
cies transmission. To enable factors associated with 
human-to-human transmission to be investigated, cur-
rent support to the outbreak countries in case detec-
tion and reporting should be continued.  
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In Italy, infant vaccinations are mandatory for four 
infectious diseases: diphtheria, polio, tetanus and 
hepatitis B. In the past, there was widespread appre-
hension in Italy that doing away with obligatory 
vaccinations would reduce the coverage rate, but 
the possibility of making vaccinations optional has 
recently become more popular. The objectives of this 
study were to investigate parental willingness to vacci-
nate their children if those vaccinations were no longer 
mandatory and to evaluate the variables influencing 
this intention. We conducted face-to-face structured 
interviews with 1,039 parents at public health vacci-
nation centres in four cities of the Campania region 
of southern Italy. Most respondents (91.9%) said that 
they would certainly (69.4%) or probably (22.5%) vac-
cinate their children if vaccinations were not manda-
tory. The belief that vaccinations are effective and 
safe was positively associated with willingness to 
vaccinate their children, whereas having heard that 
autism is a possible adverse reaction to vaccination 
was inversely associated with willingness to vacci-
nate. Nevertheless, in the context of the relatively low 
2012* vaccination coverage rates in Campania (under 
the national standard of 95%), our results suggest that 
eliminating mandatory vaccinations is likely to lead to 
current coverage rates decreasing to unacceptably low 
levels, significantly below 90%.  

Introduction
In European countries, childhood immunisation is pro-
vided in many different ways. There are large differ-
ences in whether vaccinations included in the national 
programmes are recommended or mandatory. At the 
end of 2010, among the 27 member countries of the 
European Union, 13 had no obligatory vaccinations, 
and 14 had at least one vaccination that was manda-
tory. For example, vaccination against polio is manda-
tory for children and adults in 12 countries, diphtheria 
and tetanus vaccination in 11 countries, and hepatitis B 
vaccination in 10 countries [1].

In Italy, diphtheria [2], polio [3], tetanus [4] and hepa-
titis B [5] vaccinations are mandatory. Vaccinations 
against measles-mumps-rubella (MMR), pertussis, 
Haemophilus influenzae type B, invasive pneumococcal 
disease, and Neisseria meningitidis group C are recom-
mended by the current national vaccination schedule 
and are offered free of charge. In recent years, health 
authorities, as national policy, have urged vaccination 
centres to apply the above four vaccines in the form of 
a hexavalent vaccine that also includes pertussis and 
Haemophilus influenzae type B for infant immunisa-
tions. Therefore, the hexavalent vaccine is offered as 
an alternative to the four mandatory vaccines. So, from 
a practical point of view, pertussis and Haemophilus 
influenzae type B vaccines are given as if they are 
mandatory. Furthermore, in Italy there are significant 
legislative differences, not only between regions but 
also over time, due to the strong contrast between 
attitudes favourable and opposed to the mandatory 
vaccination. Therefore, there is now less distinction 
between mandatory and recommended vaccinations 
than in the past, and the concept of ‘mandatory’ has 
become ambiguous. For many years, children were not 
allowed to attend school if they were not vaccinated 
[6], but this regulation has been abolished [7], and in 
recent years, all regions have complied with this abo-
lition. Administrative sanctions for failing to vaccinate 
a child are rarely applied. If a parent refuses to vacci-
nate their child, the parent will be called to an inform-
ative conversation at the local health authority in an 
attempt to gain compliance. Legislatively, each Italian 
region is relatively autonomous, so the laws regarding 
vaccination vary throughout the country. For exam-
ple, in the Veneto region, vaccinations are not legally 
compulsory. After the suspension of obligatory vacci-
nations, this region has maintained high vaccination 
coverage. The Veneto region, making all vaccinations 
non-compulsory, appealed to the sense of responsibil-
ity of parents, who no longer had to feel ‘forced’ and 
could instead make decisions about vaccinations in a 
‘conscious’ manner [8]. In considering a broader sus-
pension of obligatory vaccinations, it is also important 
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to understand which variables influence parental deci-
sions about whether to immunise their children [9–16].

The objectives of this study were (i) to investigate 
parental willingness to vaccinate their children if vac-
cinations were no longer mandatory and (ii) to evalu-
ate the variables that influence this intention. We 
conducted the study in an area of southern Italy with 
sociocultural characteristics different from the Veneto 
region of northern Italy.

Methods

Participants and setting
In the Campania region of southern Italy, decisions 
about vaccine types, purchasing, and supply manage-
ment are centralised at the local health authority and 
at the regional level. Childhood immunisations are pro-
vided at specialised public health vaccination centres 
(Unità Operative Materno-infantili).

We selected one vaccination centre from each of the 
four cities with the largest populations in the Campania 
region (Naples, Salerno, Caserta and Avellino). In 
Naples, we randomly selected one of the ten vaccina-
tion centres. Salerno, Caserta and Avellino each have 
only one centre. At each centre, two expert healthcare 
workers interviewed one parent of each child brought 
for the first, second or third dose of the hexavalent 
vaccine. When both parents were present at the cen-
tre, the workers interviewed only the mother. Written 
informed consent was obtained from each participant. 
Interviews were conducted immediately following the 
vaccinations on one or two days each week between 
January and April 2013, during all hours that the cen-
tres were open to the public.

Sample size
The target sample size of approximately 1,000 subjects 
was obtained by assuming a 95% prevalence of the 
main outcome, a precision of ±1.2%, a 95% confidence 
level and a power of 80%. A total of 1,039 question-
naires were completed (329 in Naples, 254 in Avellino, 
251 in Salerno and 205 in Caserta). Using univariate 
analysis and chi-square tests, we analysed the par-
ents’ responses by demographic characteristics and 
location of vaccination centre. A value of p<0.05 was 
considered statistically significant.

Questionnaire
A questionnaire was developed, pilot tested in a full 
day of interviews in the Naples centre, and conse-
quently modified. The aim was to investigate parents’ 
vaccination intentions, the main outcome variable, by 
asking, ‘Would you immunise your child if vaccinations 
were not mandatory?’ Parents’ intentions were scored 
on a five-point Likert scale, with values of ‘certainly’, 
‘probably’, ‘I don’t know’, ‘probably not’ and ‘certainly 
not’. The 95% confidence interval (CI) for proportions 
was calculated for this outcome. In the analysis, the 
responses were dichotomised by distinguishing those 

answering ‘certainly’ and ‘probably’ from those giving 
any other response.

The parents were then invited to give their level of 
agreement with the following statements: ‘I am favour-
able toward vaccination’, ‘Vaccinations are effective 
in reducing the risk of disease’ and ‘Vaccinations are 
safe’ on a five-point Likert scale. The response catego-
ries were ‘strongly agree’, ‘somewhat agree‘, ‘I don’t 
know’, ‘somewhat disagree’ and ‘strongly disagree’. 
For analysis, the responses were dichotomised to dis-
tinguish agreement (‘strongly agree’ and ‘somewhat 
agree’) from disagreement (all other response catego-
ries). Respondents were also asked to express their 
views on whether vaccinations should be mandatory or 
optional (response categories of ‘entirely mandatory’ 
and ‘entirely optional’) and on whether vaccinations 
can cause adverse reactions (response categories of 
‘never’, ‘rarely’, ‘frequently’ and always were dichot-
omised as ‘never’/’rarely’ vs ‘frequently’/’always’).

The source of information on the possible adverse 
effects of vaccination was operationalised by asking, 
‘In which way have you been informed about the pos-
sible adverse reactions after vaccination?’ Responses 
were dichotomised as physician vs other sources. 
Respondents were also asked whether any of their 
children had experienced adverse reactions after vac-
cination. Finally, two questions were asked concerning 
knowledge about the debate on autism as an adverse 
reaction and vaccines containing mercury. These 
questions were placed at the end of questionnaire to 
avoid influencing the responses to other items. First, 
respondents were asked, ‘Have you ever heard of pos-
sible adverse reactions or diseases associated with the 
administration of vaccines containing mercury?’ The 
second question was modified as a result of the pilot 
test. Initially, the question was, ‘Have you ever heard of 
autism as a possible adverse reaction after the admin-
istration of vaccines?’ As some parents were alarmed 
by this question, it was modified in the final question-
naire: ‘Although this hypothesis was disproved, have 
you ever heard of autism as a possible adverse reac-
tion after the administration of vaccines?’

Sociodemographic data were collected for each 
respondent: age, education level, marital status, occu-
pation and number of children.

Statistical analysis
Bivariate tests were used to assess the univariate asso-
ciations between each of the independent variables 
and the main outcome. Only those variables associated 
with the outcome at the p≤0.25 level in the bivariate 
analysis were subsequently included in the multivari-
ate regression model. Logistic regression models were 
then estimated to evaluate the association between 
the independent variables and the main outcome. 
Backward stepwise procedures were applied, and the 
final model included only variables contributing sig-
nificantly to the explanation of the outcome. Variables 
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were selected for the multivariate model using p<0.2 
for entry and p<0.4 for exclusion. Analyses were car-
ried out using Stata 10 [17].

The final logistic model predicted parents’ vaccina-
tion intentions ‘Would you immunise your child if vac-
cination was not mandatory?’ (no=0; yes=1). Based 
on the results of the univariate analysis, independent 
variables measuring attitudes towards vaccination and 
knowledge of potential adverse reactions following 
vaccination were included in the model. Specifically, 
the included independent variables were: being favour-
able toward vaccination (no=0, yes=1); believing that 
vaccinations are effective (no=0, yes=1); believing that 
vaccinations are safe (no=0, yes=1); believing that vac-
cinations should be mandatory (entirely optional=0, 
entirely mandatory=1); believing that vaccinations can 
cause adverse reactions (no=0, yes=1); source of infor-
mation about possible adverse reactions after vacci-
nation (physician=0, others=1); children’s previous 
experience with adverse reactions after vaccination 
(no=0, yes=1); having heard of possible adverse reac-
tions or diseases associated with the administration of 
vaccines containing mercury (no=0, yes=1) and having 
heard of autism as a possible adverse reaction after 
the administration of vaccines (no=0, yes=1).

The Ethics Committee of the Second University of Naples 
approved this study (reference number 41/2012).

Results

Sociodemographic characteristics
In total, 1,039 parents answered the questionnaire, and 
34 (3.2%) refused to participate. Most of the respond-
ents (89.5%) were mothers. Compared with the fathers 
interviewed, more of the mothers were between 20 and 
39 years of age (80.4% of the mothers vs 59.6% of the 
fathers) and fewer were married (87.2% of the mothers 
vs 93.5% of the fathers). Respondents with more than 
one child made up 53.1% of the sample. Only half of the 
mothers were employed (50.2% compared with 92.6% 
of the fathers) (Table 1).

Intention to vaccinate
Among the 1,039 interviewed parents, 955 (91.9%) 
stated that they would certainly (n=721; 69.4%) or 
probably (n=234; 22.5%) vaccinate their children if 
vaccination were not mandatory. On the other hand, 84 
parents (8.1%) stated that they would certainly (n=30; 
2.9%) or probably not (n=35; 3.4%) vaccinate their 
children or that they did not know what they would do 
(n=19; 1.8%) (Table 2).

Attitudes and beliefs
Parents who intended to vaccinate their children if 
vaccination was not mandatory were generally more 
favourable toward vaccination and more likely to state 
that vaccinations are effective, safe (Table 3) and rarely 
or never cause adverse reactions (data not shown). 
Moreover, they thought that all vaccinations should be 
mandatory. In the bivariate analysis, all five included 
attitudinal variables were significantly associated with 
the main outcome (Table 4)

Knowledge about adverse reactions
Physicians were the main source of information 
about adverse effects, and intention to vaccinate was 

Table 1
Selected characteristics of the study population, Italy, 2013 
(n=1,039)

Characteristic
Mother Father

n          % n          %
Age (years) 927 100 109 100
15–19 12 1.3  0  0
20–29 229 24.7 15 13.8
30–39 516 55.7 50 45.9 
40–49 165 17.8 39 35.8 
50–59 5 0.5 5 4.6
Marital status 925 100 108 100
Married 807 87.2 101 93.5
Other 118 12.8 7 6.5
Education 927 100 109 100
Primary school 30 3.2 2 1.8
Middle school 215 23.2 18 16.5
High school 370 39.9 38 34.9
College degree 312 33.7 51 46.8
Occupation 926 100 108 100
Employed 465 50.2 100 92.6
Unemployed 461 49.8 8 7.4
Other children 926 100 109 100
Yes 492 53.1 60 55
No 434 46.9 49 45
Totala 930 89.5 109 10.5

a Numbers for each item may not sum to the total study population 
because of missing values.

Table 2
Parents’ intentions to vaccinate their children, Italy, 2013 
(n=1,039)

Would you immunise your 
child if vaccination were 
not mandatory?

n % 95% CI

Certainly 721 69.4 66.6–72.2
Probably 234 22.5 20.0–25.1
Probably not 35 3.4 2.2–4.4
Certainly not 30 2.9 1.8–3.9
I don’t know 19 1.8 1.0–2.6
Total 1,039 100

CI: confidence interval for proportions.
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positively associated with this source of information. In 
the bivariate case, parents who had knowledge about 
potential adverse reactions of vaccines containing mer-
cury or about autism as a consequence of vaccination 
reported the intention to vaccinate their children less 
often than those lacking this knowledge. Finally, hav-
ing a child who had experienced an adverse reaction 
to vaccination did not affect the intention to vaccinate 
(Table 4). All data were disaggregated by centre loca-
tion and by sociodemographic characteristics, but 
there were no statistically significant associations with 
the main outcome.

Multivariate analysis
In the multivariate analysis, the associations between 
the intention to vaccinate and the three variables on 
positive attitudes toward vaccinations remained statis-
tically significant. These variables were: being favour-
able toward vaccination, believing that vaccinations 
are safe, and believing that vaccinations are effec-
tive. The association between not being favourable 
toward vaccination and knowledge about autism as an 
adverse effect after vaccination also remained signifi-
cant (Table 5).

Discussion
The ongoing debate about obligatory vaccination 
involves two opposing considerations. On the one 
hand, the main arguments in favour of obligatory vac-
cination are that it maintains a high coverage rate. On 
the other hand, arguments against obligatory vaccina-
tion claim that it goes against the principles of self-
determination and freedom of choice in health matters 
[18-24]. Moreover, an additional reason for not making 
vaccines mandatory is that, psychologically, it invites 
opposition, because individuals object to being told 
what to do.

Table 3
Parents’ attitudes and beliefs about vaccinations, Italy, 
2013 (n=1,039)

I am 
favourable 

toward 
vaccination

Vaccinations 
are safe

Vaccinations 
are effective 
in reducing 
the risk of 

disease
n % n % n %

Agree strongly 617 59.4 500 48.1 729 70.2
Agree somewhat 370 35.6 466 44.9 278 26.8
I don’t know 12 1.1 15 1.4 11 1
Disagree somewhat 32 3.1 37 3.6 13 1.2
Disagree strongly 8 0.8 21 2 8 0.8
Totala 1,039 100 1,039 100 1,039 100

a Numbers for each item may not sum to the total study population 
because of missing values.

Table 4
Factors associated with intention to vaccinate, Italy, 2013 
(n=1039)

Intention to vaccinate
Yes No

n                   % n                   %
Favourable toward vaccination
Yes 933              94.5 54                   5.5
No 22                42.3 30                  57.7

χ2=181.3, df=1,  p<0.001
RR=10.54, CI: 7.44–14.94

Belief that vaccinations are effective in reducing the risk of 
disease

Yes 941              93.5 66                    6.5
No 14                43.8 18                  56.2

χ2=103.07, df=1,  p<0.001
RR=8.58, CI: 5.54–12.61

Belief that vaccinations are safe
Yes 913              94.5 53                    5.5
No 42                57.5 31                  42.5

χ2=124.89, df=1, p<0.001
RR=7.74, CI: 5.33–11.25

Belief that vaccinations should be mandatory
Entirely mandatory 378              96.9 12                    3.1
Entirely optional 577              88.9 72                  11.1

χ2=21.07, df=1,  p<0.001
RR=3.61, CI: 1.98–6.56

Belief that vaccinations can cause adverse reactions
Yes 393              87.9 54                  12.1
No 562              94.9 30                   5.1

χ2=16.85, df=1, p<0.001
RR=0.42, CI: 0.27–0.64

Source of information about possible adverse reactions after 
vaccination (n=802)a

Physician 453            93.6 31                     6.4
Others 277            87.1 41                    12.9

χ2=9.9, df=1, p=0.002
RR=1.45, CI: 1.1–1.89

Child has experienced adverse reactions after vaccination 
(n=913)b

Yes 268            93.7 18                      6.3
No 572            91.2 55                     8.8

χ2=.64, df=1, p=0.2
RR=1.39, CI:  0.83–2.33

Heard about adverse reactions associated with vaccines 
containing mercury (n=1.038)c

Yes 130              84.4 24                  15.6
No 824              93.2 60                   6.8

χ2=13.64, df=1, p<0.001
RR=0.44, CI: 0.28–0.68

Heard about autism as a possible adverse reaction to 
vaccinations
Yes 199            83.3 40                    16.7
No 756           94.5 44                     5.5

χ2=31.3, df=1, p<0.001
RR=0.33, CI: 0.22–0.49

CI: 95% confidence interval; df: degrees of freedom; RR: relative 
risk.

a  A third response option was ‘None’.
b  A third response option was ‘I don’t know/I don’t remember’.
c  One answer was missing.
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In the past, there was strong concern in Italy that 
making vaccination non-compulsory would result 
in lower coverage rates. However, the possibility of 
an optional vaccination scheme has recently gained 
popularity. The natural experiment undertaken in the 
Veneto region beginning in 2008 was both informa-
tive and reassuring, as the region’s vaccination cover-
age has remained above the National Prevention and 
Vaccination Program standard of 95% after the sus-
pension of obligatory vaccinations (Piano Nazionale 
Prevenzione Vaccinale 2012–2014) [25]. Based on this 
experience, the Italian health authorities have fre-
quently declared their intention to make vaccinations 
non-compulsory nationwide. However, this intention 
has never been realised because of fear of reducing 
coverage rates. These fears are driven by the knowl-
edge that the significant sociocultural and economic 
differences between Italian regions make it impossible 
to use the experience from one region to make an accu-
rate prediction for others. Indeed, sociodemographic 
statistics indicate that the population in southern Italy 
is poorer, less industrialised, has lower employment, 
and is less educated than northern Italy. These char-
acteristics, known as ‘the southern question’, exist 
where this work was carried out, and contribute to 
the contrast with the Veneto region in northern Italy. 
In the most recent Italian report on vaccination cover-
age rates from 2012* [26], the Campania region had 
the lowest rate (with the exception of the autonomous 
province of South Tyrol), whereas the Veneto region, 
even in absence of obligatory vaccination, had a rate 
that was higher than Campania’s and just below the 
median value for all regions (Table 6).

The present study investigated parents’ willingness to 
vaccinate their children even in the absence of compul-
sory vaccinations. We found that 91.9% of the respond-
ents reported that they would certainly or probably 
vaccinate their children. At first glance, and consid-
ering the confidence interval, this result seems quite 
positive. However, if we consider that 6.3% of parents 

stated that they would certainly or probably not vac-
cinate their children and that the coverage rates in 
Campania in 2012 are under the national standard of 
95%, it seems likely that the suspension of obligatory 
vaccination would result in the current coverage rates 
declining to significantly below 90%. This would repre-
sent an unacceptably low level of coverage. These con-
siderations support the caution with which the Italian 
health authority is addressing this issue.

As expected, and as shown by previous research, the 
intention to vaccinate is significantly associated with 
the belief that vaccines are safe and effective [27–31]. 
However, negative attitudes toward vaccinations were 
not associated with a significant decrease in the inten-
tions of parents to vaccinate their children. In terms of 
knowledge about potential adverse effects of vaccina-
tion, having heard of autism as a possible side effect 
after the administration of vaccines was most strongly 
negatively associated with intention to vaccinate [32]. 
The effect of this variable is more consistent than 
the effect of believing that mercury contained in vac-
cines causes damage [33]. The results were consistent 
across the four studied cities and for individuals with 
varying sociodemographic characteristics, potentially 
providing evidence of homogeneous attitudes toward 
vaccination throughout the region.

Our results should be interpreted carefully because the 
willingness to vaccinate children is not the same as the 
actual behaviour of bringing children for vaccinations. 
For example, a well-known critical point is that the 
interviewee may be influenced to respond according to 
the perceived wishes of the interviewer. Therefore, it 
is likely that, in the absence of obligatory vaccination, 
both those who intended to vaccinate their children 
and those who did not intend to do so might reconsider 
their positions. Another limitation of the study was the 
underestimation of the fathers’ opinions (i.e. we inter-
viewed only the mothers even when both parents were 
present). Taking the decision to vaccinate is a complex 

Table 5
Multivariate logistic regression analysis predicting the intention to vaccinate children if vaccination was not mandatory, 
Italy, 2013 (n=1,039)

Variable OR SE 95% CI p value
Log likelihood: −149.78, χ2=123.01 (df=7), p<0.0001
Favourable toward vaccination 11.7 5.2 4.9–27.9 <0.001
Belief that vaccinations are effective in reducing the risk of disease 9.4 5.4 3.04–29.21 <0.001
Belief that vaccinations are safe 4.2 1.73 1.86–9.4 0.001
Heard about autism as a possible adverse reaction to vaccinations 0.47 0.15 0.25–0.88 0.02
Belief that vaccinations should be entirely mandatory 1.97 0.79 0.9–4.3 0.09
Informed about adverse reactions after vaccination by a physician (n=802)a 0.64 0.2 0.34–1.2 0.17
Belief that vaccinations can cause adverse reactions 0.67 0.22 0.35–1.3 0.24

CI: confidence interval; OR: odds ratio; SE: standard error. 
a  The option “None” has been excluded.
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process that presumably involves a discussion between 
both parents, but this process was too difficult to 
detect with a short interview. Moreover, the interviews 
were conducted in a health centre immediately after 
the administration of the child’s vaccination, and this 
setting probably encouraged a greater amenability 
to vaccinations. Our population was also older, more 
urban, more educated, and more likely to be employed 
than the average regional population because the sam-
ple units were the four vaccination centres in the cities 
with the largest populations in the Campania region. 
Finally, the sample excluded all parents who did not 
bring their children for vaccination. These individu-
als belong to two main groups: parents who have dif-
ficulty accessing health services (passive absentee) 
and parents who decide do not vaccinate their children 
(active absentee) [11]. Future research should explore 
the motivations of parents who do not vaccinate their 
children, especially as the vaccination coverage rates 

in the Campania region are among the lowest in Italy. 
Understanding which of these two groups is prevalent 
in the region (passive or active absentee) is crucial for 
designing appropriate interventions. 

* Authors’ correction
At the request of the authors, the date was corrected from 
2011 to 2012 on 5 September 2014. 
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