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We report an outbreak of measles which started in 
April 2016 and which, by 13 June, has resulted in 22 
confirmed and five probable measles cases occurring 
in four regions of Ireland. Genotype B3 was identi-
fied. We describe the identification, ongoing investi-
gation and control measures being implemented. This 
outbreak occurs during a period of very low measles 
transmission in Ireland, with only one confirmed case 
(imported) notified in 2016 before this event.

In this report we describe an outbreak of measles that 
started in Ireland in April 2016, with 22 confirmed and 
five probable cases recorded as at 13 June. The inves-
tigation is ongoing and here we present the prelimi-
nary findings and the control measures implemented. 
A national outbreak control team was convened fol-
lowing the identification of the first three laboratory-
confirmed measles cases, in three regions, over the 
preceding four week period. Data for this report were 
extracted from the national computerised infectious 
disease reporting (CIDR) system on 13 June 2016. In 
Ireland, measles incidence has declined in the last dec-
ade, from 8.4 cases per 100,000 in 2004 to 0.7 cases 
per 100,000 in 2014 [1,2]. The most recent national 
measles outbreaks occurred over four years ago [3,4].

Case classification
In Ireland, measles cases are defined as possible, 
probable or confirmed, depending on clinical criteria, 
epidemiological links and laboratory criteria [5]. For 
this report, we limit the description of cases to proba-
ble and confirmed cases. A probable case was defined 
as any person who met clinical criteria (fever, maculo-
papular rash, and any of cough/coryza/conjunctivitis) 

and had an epidemiological link to a confirmed case. A 
confirmed case was defined as any probable case with 
laboratory evidence of infection with measles virus i.e. 
viral RNA on PCR testing of clinical samples and/or pos-
itive IgM result from serum or oral fluid.

Diagnostic testing
The National Virus Reference Laboratory (NVRL) in 
Dublin performed all diagnostic testing for suspect 
cases. A variety of samples were used to confirm or 
rule out diagnosis: primarily oral fluid samples, serum, 
or throat swabs. The type of sample obtained from 
patients was determined by the time between onset of 
rash and time of sample collection, and availability of 
buccal swabs.

A measles IgM capture enzyme immunoassay (EIA) 
(Microimmune, Hounslow, Middlesex, United Kingdom, 
catalogue number MeVM010) was used to detect mea-
sles IgM in oral fluid samples or serum specimens. Oral 
fluid samples collected five days or more after rash 
onset were tested for measles IgM, whereas serum 
specimens collected more than three days after rash 
onset were tested for measles IgM. In addition, oral 
fluid specimens collected within seven days of rash 
onset were investigated for measles RNA using RT-PCR 
directed against a conserved 68-bp region within the 
haemagglutinin gene.

Progress of the outbreak and contact 
tracing
The number of cases over time is described in the epi-
demic curve (Figure 1).
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The first identified case (Case B) was notified on 9 May 
2016. Case B was an Irish adult who reported travel to 
Hungary for a short visit in mid-April. Case B travelled 
within Dublin and from Dublin to south-west Ireland, at 
the end of April 2016 while symptomatic.

After Case B was reported, Case D was notified on 13 
May (onset of rash beginning of May). Case D had been 
in hospital in Kerry for two days in mid-April for an 
unrelated illness. Seven further cases were reported in 
Kerry and one case in Limerick (neighbouring county) 
during one week in mid-May. Extensive contact tracing 
was undertaken for each case. These cases were all 
linked to towns in south-west Ireland where confirmed 
cases had been while infectious, or else were nosoco-
mial infections. The links between cases are shown in 
Figure 2.

Retrospective investigation of two family members 
(Cases F and G) identified that they were related to a 
child (Case A) who had also been admitted to the same 
hospital in Kerry in mid-April for an unspecified febrile 
illness. Case C, another relative, had visited Case A in 
hospital. The parents reported that Case A had trav-
elled from Romania to Ireland via Hungary in mid-April, 
on the same flight as Case B. Case A had been unwell 
with a fever and rash on the flight to Ireland, travelled 
from Dublin to south-west Ireland on arrival, and was 
then hospitalised. Case A was not investigated for 
measles on admission, and was not immediately iso-
lated. A buccal swab was obtained three weeks after 
hospitalisation and sent for PCR testing but was nega-
tive. When Case A was suspected as the primary case, 
the NVRL retrieved a nasal swab for influenza taken 

from the child’s admission which returned as measles 
PCR positive.

Additional outbreak investigation
The Health Protection Surveillance Centre (HPSC) 
issued an alert about the outbreak to other European 
countries through the European Union (EU) Early 
Warning and Response System (EWRS). Following con-
firmation that the primary case had visited western 
Romania before return to Ireland, the HPSC liaised with 
Romanian authorities regarding the areas visited. One 
of the villages which Case A had visited was confirmed 
as having a measles outbreak. Case A had been in con-
tact with a child with fever and rash while there, and 
was thus confirmed as the primary case in the out-
break in Ireland.

As at 13 June, cases have spread to four counties in 
Ireland, and one linked case has been reported in 
Slovenia. The disease has been transmitted via four 
different routes: household, community, nosocomial 
and in-flight (Figure 2). Thus, in order to investigate 
this outbreak, public health authorities had to liaise 
with patients, hospital staff and airline companies.

Molecular surveillance
Measles genotyping was performed by sequencing a 
450 nt region at the C-terminal of the N-gene in accord-
ance with the World Health Organization (WHO) guide-
lines. Case A (MVs/Kerry.IRL/18.16, MeaNS sample 
ID 87266, sequence ID 90316) was genotyped as B3. 
As at 17 June, all cases sequenced and uploaded into 
MeaNS from the outbreak were genotype B3 and 100% 
identical.

Figure 1
Cases of measles by date of rash onset, Ireland, April–June 2016 (n=27)
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Identical sequences have been identified in Manchester 
(week 16, 2016), Tennessee (week 16, 2016) and British 
Columbia (week 9, 2016). It was not possible to directly 
link the B3 N-gene sequence identified in the primary 
case to measles cases in Romania. The three strains in 
MeaNS database from Romania this year (week 8, 12 
and 13) do not cluster to our outbreak B3 strains.

In the absence of endemic measles in Ireland before 
this event in 2016, and, as the child was in Romania 
for 17 days before symptom onset, we consider that it 
is most likely that exposure occurred in Romania, par-
ticularly as measles transmission was reported in the 
village visited by the case during their stay in Romania. 
However, given that the incubation period can range 
from seven to 21 days, we cannot rule out that trans-
mission may have occurred in transit while travelling to 
Romania from Ireland.

Demographic characteristics of cases
As at 13 June 2016, there were 27 notified cases of measles 
linked to the outbreak, of which 22 were confirmed. Twenty 
of the cases were in Kerry, in the south-west (Figure 3). 

Most cases (19/27) were under 15 years (Table).

Of the 27 cases, 24 were confirmed as unvaccinated; 
one had documentary evidence of two doses of mea-
sles-mumps-rubella (MMR) vaccination; and two cases 
self-reported two doses of MMR vaccination but this 
could not be confirmed. Thirteen cases belonged to the 
Roma population, all of whom were unvaccinated. Five 
cases were infected through nosocomial transmission. 

No healthcare workers were infected. Three cases were 
infected while on two separate international flights.

Control measures
Local public health teams have undertaken extensive 
contact tracing for all cases. We issued letters and 
information leaflets to contacts to warn about symp-
toms of measles and to communicate individual level 
of risk based on MMR vaccination status. As at 17 June, 
we have arranged prophylactic MMR vaccination for 
14 unvaccinated contacts identified within 72 hours 
of exposure. We advised parents to isolate infectious 
children and any unvaccinated contacts who may be 
incubating the virus. We requested immediate isolation 
of any suspected cases in hospital emergency depart-
ments, paediatric wards, and primary care services. 
We also advised occupational health departments to 
ensure that all healthcare professionals were appropri-
ately vaccinated.

The HPSC and public health departments have raised 
public awareness through multiple local and national 
press releases, radio interviews and social media mes-
sages. We worked together with community partners to 
produce information leaflets about measles in English, 
Czech, Polish, Romanian, and Slovakian.

Discussion
This ongoing measles outbreak has highlighted a num-
ber of challenges and learning points for Irish public 
health authorities. Like many European countries, 
Ireland suffered poor uptake of MMR vaccine in the 
early years of the century, and in 2001–02 less than 

Figure 2
Epidemiological links between cases, measles outbreak, Ireland, April–June 2016 (n=27)
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80% of children had received one dose of MMR vaccine 
by 24 months of age. There have been gradual improve-
ments in the last decade, and 93% of Irish children cur-
rently receive one dose of MMR vaccine by their second 
birthday [6]. This remains lower than the national tar-
get of 95% [3,7]. The second dose of MMR vaccine is 
recommended for all children at 4-5 years of age. In 
2014–15, the uptake for the MMR dose at this age was 
91%, but for a minority of children it may have been a 
first dose [8]. For any child in need of another dose, 
it is recommended subsequently. However, immunity 
gaps persist among recent birth cohorts, as well as 
older children.

Previous outbreaks in Ireland and Europe have high-
lighted the vulnerability of unvaccinated populations 
[4,9-12], and most cases in the current outbreak were 
unvaccinated. Uptake of MMR vaccine is known to be 
low among ethnic minorities such as Roma, Travellers, 
and migrant groups. Reported barriers to vaccination 
may include administrative barriers accessing health-
care, language and communication difficulties, poor 
education, cultural differences, geographical mobility, 
and discrimination [13]. Cultural mediators may play 
important roles in improving access to healthcare and 
vaccination uptake [13,14]. Other groups may refuse 
vaccination due to religious reasons, anthroposophic 
ideology, or strong preference for complementary or 
alternative medicine [13], although these reasons were 
not prominent in the current outbreak.

The introduction of MMR vaccine in Ireland in 1988 and 
improvements in measles control have contributed to 
a lack of familiarity with measles among some health-
care professionals. In this outbreak, diagnostic delay 
occurred for some of the early cases due to lack of rec-
ognition. This contributed to delayed isolation of cases 
and further nosocomial transmission. Similar issues 
have been highlighted in episodes of nosocomial 

measles elsewhere [10,15,16]. A delay in diagnosis also 
reduced the number of contacts who were eligible for 
prophylactic MMR vaccination and immunoglobulin.

Effective control measures rely on a high rate of case 
reporting and targeted responses. In Kerry, targeted 
information leaflets and social media/text alerts have 
resulted in catch-up vaccination of at least 10 vulner-
able children, and many families have sought further 
information about measles. Of the 14 contacts who 
received prophylactic MMR vaccination, only one went 
on to develop measles, suggesting that this may have 
helped to reduce the number of cases. However, the 
number of notified cases is likely to underestimate 
the true number of cases in the community, as direct 
epidemiological links could not be established for all 
confirmed cases.

Investigations of measles outbreaks are costly and 
resource-intensive. The full costs associated with the 
control of this ongoing outbreak are likely to be consid-
erable, as hundreds of contacts were investigated, and 
as at 17 June there were 45 staff members involved in 
managing the outbreak nationally. Direct health costs 
include the costs of hospitalisation, consultation with 
physicians, serologic testing, RNA testing, vaccination, 
telephone costs, and staff costs [17]. Staff time is likely 
to comprise the greatest cost component in this out-
break, like elsewhere [18]. The costs of vaccination for 
measles prevention may be relatively small when com-
pared with outbreak control efforts.

This outbreak has shown the benefits of rapid infor-
mation exchange between multiple agencies involved 

Figure 3
Cases of measles by public health area, Ireland, April–June 
2016 (n=27)
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Table
Demographic characteristics of measles cases, Ireland, 
April–June 2016 (n=27)

Variable Total (n=27)
Age group (years) 
< 1 3
1–2 2
3–4 2
5–9 8
10–14 4
15–19 6
20–24 0
25–34 2
> 34 0
Sex 
Male 12
Female 15
MMR vaccination status 
Vaccinated (two doses) 3
Vaccinated (one dose) 0
Not vaccinated 24

MMR: measles-mumps-rubella.
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in control efforts and between EU Member States. 
International communication through the EWRS ena-
bled public health teams to trace the likely source of 
infection for the primary case and also the travel his-
tory of other cases. In the coming months, millions of 
Europeans will travel across the continent and further 
afield, and spread infectious diseases in their home 
countries and abroad. This outbreak is a reminder of 
the potential infectiousness of a single case of mea-
sles, and of the need for collaborative control meas-
ures. Continued efforts are required to identify and 
vaccinate susceptible groups with gaps in immunisa-
tion records in order to prevent further onward spread.
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We identified a novel plasmid-mediated colistin-
resistance gene in porcine and bovine colistin-resist-
ant Escherichia coli that did not contain mcr-1. The 
gene, termed mcr-2, a 1,617 bp phosphoethanolamine 
transferase harboured on an IncX4 plasmid, has 76.7% 
nucleotide identity to mcr-1. Prevalence of mcr-2 in 
porcine colistin-resistant E. coli (11/53) in Belgium was 
higher than that of mcr-1 (7/53). These data call for an 
immediate introduction of mcr-2 screening in ongoing 
molecular epidemiological surveillance of colistin-
resistant Gram-negative pathogens. 

Following the report of of mcr-1 detection in China in 
November 2015 [1], we screened 105 colistin-resistant 
Escherichia coli (colistin minimum inhibitory concentra-
tion (MIC) 4–8 mg/L [2]) isolated during 2011–12 from 
passive surveillance of diarrhoea in 52 calves and 53 
piglets in Belgium [3]. mcr-1 was detected in 12.4% 
(n = 13) of the E. coli isolates, of which six and seven 
were from calves and piglets, respectively [3,4]. In the 
present study, we analysed porcine and bovine colis-
tin-resistant Escherichia coli isolates that did not show 
presence of mcr-1 and identified a novel plasmid-medi-
ated colistin resistance-conferring gene, mcr-2.

Identification of mcr-2 in colistin-resistant 
E. coli isolates not harbouring mcr-1
Of 92 porcine and bovine colistin-resistant Escherichia 
coli isolates not harbouring mcr-1, 10 were ran-
domly selected for further analysis. Plasmid DNA 
was isolated (PureLink HiPure Plasmid Miniprep Kit, 
Invitrogen, Carlsbad, CA, United States), sequenced by 
Illumina (2 x 250 bp) (Nextera XT sample preparation 
kit, MiSeq), de novo assembled and annotated using 
SPAdes (v3.8.1) and RAST [5,6]. Plasmids from three of 

the 10 E. coli isolates showed the presence of a gene 
for a putative membrane protein, which was identi-
fied as a phosphoethanolamine transferase (sulfatase) 
using pfam and Interproscan protein databases [7,8] 
The mcr-2 gene, as we termed it, is 1,617 bp long, nine 
bases shorter than mcr-1 (1,626 bp), and shows 76.75% 
nt identity to mcr-1 (supplementary material [9]).

The entire mcr-2 gene was amplified (PCR prim-
ers: MCR2-F 5’ TGGTACAGCCCCTTTATT 3’; MCR2-R 
5’GCTTGAGATTGGGTTATGA 3’), cloned (vector pCR 2.1, 
TOPO TA Cloning kit, Invitrogen) and electroporated 
into DH-5 α E. coli. Transformants exhibited colistin 
MICs of 4–8 mg/L (E-test, bioMerieux, Marcy l’Etoile, 
France), which were reconfirmed by macrobroth dilution 
(European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) guidelines [2]).

mcr-2 is harboured on IS1595 with likely 
origins in Moraxella spp.
mcr-2-harbouring plasmids from all three E. coli iso-
lates were analysed. The mobile element harbouring 
mcr-2 was identified as an IS element of the IS1595 
superfamily, which are distinguished by the presence 
of an ISXO2-like transposase domain [10]. 

We also identified a 297 bp open reading frame down-
stream of mcr-2 on this element, which encodes a PAP2 
membrane-associated lipid phosphatase with 41% 
identity to Moraxella osloensis phosphatidic acid phos-
phatase (71% query coverage). Interestingly, a blastn 
search of the IS1595 backbone, after removal of the 
mcr-2 and pap2 phosphatase gene sequences, iden-
tified a single hit to Moraxella bovoculi strain 58069 
(GenBank accession number CP011374) genomic region 
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Figure 1
Genetic organisation and structure of the mcr-2-harbouring plasmid pKP37-BE from a colistin-resistant Escherichia coli 
isolate not harbouring mcr-1, Belgium, June 2016

The plasmid map was generated using GenomeVx [23].
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(1,531,602 to 1,532,255 bp) with 75% identity and 100% 
query coverage.

mcr-2 is harboured on an IncX4 
incompatibility-type plasmid in E. coli ST10
The three mcr-2 plasmid-harbouring E. coli isolates 
belonged to ST10 (n = 2, porcine) and ST167 (n = 1, 
bovine). All three plasmids belonged to IncX4 incom-
patibility type; all three mcr-2 genes showed 100% 
homology.

Plasmid pKP37-BE isolated from one of the porcine 
ST10 E. coli isolates was found to have a size of 35,104 
bp, 41.3% GC content and 56 protein-encoding gene 
sequences (RAST) (Figure 1); European Nucleotide 
Archive accession numbers PRJEB14596 (study) and 
LT598652 (plasmid sequence).

Apart from IS1595, pKP37-BE did not carry any other 
resistance genes and the plasmid backbone was highly 
similar to Salmonella enterica subsp. enterica serovar 
Heidelberg plasmid pSH146_32 (GenBank accession 
number JX258655), with 98% identity and 90% query 
coverage. Several Salmonella-associated virulence 
genes were found on pKP37-BE, including virB/D4 that 
encodes a type 4 secretion system [11].

Conjugation experiments using a rifampicin-resistant 
E. coli recipient (A15) showed an approximately 1,200-
fold higher transfer frequency of the mcr-2-harbouring 
pKP37-BE (1.71 × 10−3) compared with the mcr-1 har-
bouring IncFII plasmid, pKP81-BE (1.39 × 10−6) [4]. 
Both mcr-1 and mcr-2 transconjugants exhibited colis-
tin MICs of 4–8 mg/L (macrobroth dilution).

Structure predictions and phylogenetic 
analyses of the MCR-2 protein 
MCR-2 protein was predicted to have two domains, 
with domain 1 (1 to 229 residues) as a transporter and 
domain 2 (230 to 538 residues) as a transferase domain 
(Figure 2).

The best template for domain 1 was 4HE8, a secondary 
membrane transport protein with a role in transferring 
solutes across membranes [12]. The best-fit template 
for domain 2 was 4kav (p = 4.13 e-13), a lipooligosac-
charide phosphoethanolamine transferase A from 
Neisseria meningitides, also previously shown to be 
the best-fit template for MCR-1 [1]. 4kav belongs to the 
YhjW/YjdB/YijP superfamily and its role in conferring 
polymyxin resistance has been experimentally vali-
dated [13]. Overall, the un-normalised global distance 
test (uGDT) was 318 (GDT: 58) and all 538 residues were 
modelled (Figure 2).

MCR-1 and MCR-2 proteins showed 80.65% iden-
tity (supplementary material [9]). In addition, MCR-2 
showed 64% identity to the phosphoethanolamine 
transferase of Moraxella osloensis (WP_062333180) 
with 99% sequence coverage, and 65%, 65%, and 
61% identity to that of Enhydrobacter aerosaccus 
(KND21726), Paenibacillus sophorae (WP_063619495) 
and Moraxella catarrhalis (WP_003672704), respec-
tively, all with 97% query coverage.

We also carried out blastp searches of the two domains 
of MCR-2 separately. The identity level of domain 1 
between MCR-1 and MCR-2 was low (72%) compared 
with that for domain 2 (87.4%). Other blastp hits for 
the domain 2 transferase were Enhydrobacter aerosac-
cus and Moraxella osloensis (69% identity; 100% query 
coverage) followed by Paenibacillus sophorae (68% 
identity; 100% query coverage) and Moraxella catarrh-
alis (68% identity; 99% query coverage). Phylogenetic 
analysis showed that MCR-2 might have originated from 
Moraxella catarrhalis (56% bootstrap value) (Figure 3).

PCR-based screening identified a higher 
prevalence of mcr-2 than of mcr-1 in 
porcine E. coli in Belgium
We screened our entire collection of porcine and 
bovine colistin-resistant E. coli isolates (n = 105) 
using an mcr-2-specific PCR approach using primers 
MCR2-IF 5’ TGTTGCTTGTGCCGATTGGA 3’ and MCR2-IR 
5’ AGATGGTATTGTTGGTTGCTG 3’, and the following 
cycling conditions: 33 cycles of 95 °C × 3 min, 65 °C × 
30 s, 72 °C × 1 min, followed by 1 cycle of 72 °C × 10 
min. We found mcr-2 in 11/53 porcine and 1/52 bovine 
colistin-resistant E. coli isolates (an overall prevalence 
of 11.4%).

Discussion
Identification of plasmid-mediated colistin resistance 
represents a paradigm shift in colistin-resistance 
mechanisms, which until recently were restricted to 
chromosomal mutations and vertical transmission. 
Since mcr-1 conferring plasmid-mediated colistin 
resistance was first detected in China, mcr-1 has been 
identified in 30 countries across five continents [14-17] 
(Figure 4).

Figure 2
MCR-2 and MCR-1 predicted tertiary structures

RaptorX [24] was used to generate the structures. For both MCR-2 
and MCR-1, domain 1 was predicted to be a transporter and 
domain 2 a phosphoethanolamine transferase (sulfatase).
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Our analysis identified a novel plasmid-mediated phos-
phoethanolamine transferase-encoding gene, mcr-2, 
which was detected at an even higher prevalence than 
that of mcr-1 among colistin-resistant porcine E. coli 
in our study. We were, however, limited by small sam-
ple numbers. It should also be noted that the calves 
and piglets were from different regions of the country 
(calves from Wallonia and piglets from Flanders).

Phylogenetic analysis of MCR-2 provided strong evi-
dence that this protein was distinct from MCR-1, and 
that it might have originated from Moraxella catarrha-
lis. The latter set of data are further strengthened 
by the fact that mcr-2 is co-harboured with a lipid 
phosphatase gene that shows highest homology to 
a phosphatase from Moraxella spp., and that the 
genetic element IS1595 harbouring these two genes 
might itself have originated from Moraxella spp. While 
Moraxella spp. are not polymyxin producers, this bac-
terial genus is known to be intrinsically resistant to 
polymyxins [18] and potential intergeneric transfer 
of mcr-2 from co-habiting Moraxella spp. of animal, 
human or environmental origin is therefore highly 

likely. Phosphoethanolamine transferases are house-
keeping enzymes that catalyse the addition of the 
phosphoethanolamine moiety to the outer 3-deoxy-D-
manno-octulosonic acid (Kdo) residue of a Kdo(2)-lipid 
A [19]. The fact that we did not identify any chromo-
somal mutations in the known colistin resistance-con-
ferring genes in our E. coli isolates (by whole genome 
sequencing, data not shown) additionally supports the 
role of the acquired phosphoethanolamine transferase 
in conferring colistin resistance.

Finally, the high transfer frequency of the mcr-2-har-
bouring IncX4 plasmid might underlie the higher prev-
alence of mcr-2 in our porcine isolates. In the three 
mcr-2 harbouring isolates analysed, IS1595 showed 
presence of direct repeats and a complete tnpA gene, 
while inverted repeats were not found (data not shown). 
However, the carrier plasmid IncX4 is itself highly 
transmissible, showing 102–10⁵-fold higher transfer 
frequencies than, for instance, epidemic IncFII plas-
mids, as shown previously [20] as well as in our own 
transconjugation experiments. Importantly, a lack of 
fitness-burden of IncX4 carriage on bacterial hosts [20] 

Figure 3
Phylogenetic analysis of the entire MCR-2 protein sequence
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makes this plasmid replicon a highly effective vehicle 
for dissemination of mcr-2. IncX4 plasmids have also 
been previously shown to harbour mcr-1 [21] as well 
as extended spectrum beta-lactamase genes, blaCTX-

M [20]. Interestingly, the pKP37-BE backbone, which 
likely originated from Salmonella spp., harboured 
a battery of virulence genes including the virB4/D4 
genes encoding a type-IV secretion system that has 
been shown to mediate downregulation of host innate 
immune response genes and an increased bacterial 
uptake and survival within macrophages and epithe-
lial cells [11]. Outer membrane modifications leading 
to colistin resistance have been shown to attenuate 
virulence [22]: whether these co-harboured virulence 
genes are able to compensate the pathogenic abilities 
of colistin-resistant E. coli remains to be explored.

Taken together, these data call for immediate inclusion 
of mcr-2 screening in ongoing molecular epidemiologi-
cal surveillance to gauge the worldwide dissemination 
of mcr-2 in both human and animal colistin-resistant 
Gram-negative bacteria of medical importance.

* Authors’ correction
The number of countries in which mcr-1 has been identified 
was updated to 32 and supporting references were added on 
11 July 2016. The references in the article were renumbered 
accordingly.

Acknowledgements
This work and BBX are supported by University of Antwerp 
Research Funds (BOF-DOCPRO 2012-27450). The study was 
also supported by European Union Horizon 2020 Research and 
Innovation Programme: Compare (‘COllaborative Management 
Platform for detection and Analyses of (Re-) emerging and 
foodborne outbreaks in Europe: Grant No. 643476). We 
would like to thank Dierengezondheid Vlaanderen (DGZ) and 
Association Régional de Santé et d’Identification Animale 
(ARSIA) for strain collection.

The complete plasmid sequence of pKP37-BE was depos-
ited at the European Nucleotide Archive accession numbers 
PRJEB14596 (study) and LT598652 (plasmid sequence).

Conflict of interest
None declared.

Authors’ contributions
This study was designed by SMK. Isolates were collected by 
PB. Experimental work was done by BBX and CL. Data was 
analysed and interpreted by BBX, RR, SKS, HG and SMK. The 
manuscript was drafted by BBX, SKS and SMK, and was re-
viewed by all authors.

References
1. Liu Y-Y, Wang Y, Walsh TR, Yi L-X, Zhang R, Spencer J,  et 

al.  Emergence of plasmid-mediated colistin resistance 
mechanism MCR-1 in animals and human beings in China: a 
microbiological and molecular biological study. Lancet Infect 
Dis. 2016;16(2):161-8. DOI: 10.1016/S1473-3099(15)00424-7 
PMID: 26603172

Figure 4
Countries (n = 30) reporting presence of mcr-1 in samples of animal, environmental or human origin (data collected till 27 
June 2016)

mcr-1 gene detected

Adapted from [15]; updated using data from [14,16,17,25-27].



13www.eurosurveillance.org

2. European Committee on Antimicrobial Susceptibility Testing 
(EUCAST). Breakpoint tables for interpretation of MICs and 
zone diameters. Version 6.0, 2016. EUCAST; 2016. Available 
from: http://www.eucast.org/fileadmin/src/media/PDFs/
EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf

3. Malhotra-Kumar S, Xavier BB, Das AJ, Lammens C, Butaye P, 
Goossens H. Colistin resistance gene mcr-1 harboured on a 
multidrug resistant plasmid.Lancet Infect Dis. 2016;16(3):283-
4. DOI: 10.1016/S1473-3099(16)00012-8 PMID: 26774247

4. Xavier BB, Lammens C, Butaye P, Goossens H, Malhotra-Kumar 
S. Complete sequence of an IncFII plasmid harbouring the 
colistin resistance gene mcr-1 isolated from Belgian pig farms.J 
Antimicrob Chemother. 2016;dkw191. DOI: 10.1093/jac/dkw191 
PMID: 27261261

5. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, 
Kulikov AS,  et al.  SPAdes: a new genome assembly algorithm 
and its applications to single-cell sequencing. J Comput 
Biol. 2012;19(5):455-77. DOI: 10.1089/cmb.2012.0021 PMID: 
22506599

6. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA,  
et al.  The RAST Server: rapid annotations using subsystems 
technology. BMC Genomics. 2008;9(1):75. DOI: 10.1186/1471-
2164-9-75 PMID: 18261238

7. Finn RD, Coggill P, Eberhardt RY, Eddy SR, Mistry J, Mitchell 
AL,  et al.  The Pfam protein families database: towards a more 
sustainable future. Nucleic Acids Res. 2016;44(D1):D279-85. 
DOI: 10.1093/nar/gkv1344 PMID: 26673716

8. Quevillon E, Silventoinen V, Pillai S, Harte N, Mulder N, 
Apweiler R, et al. InterProScan: protein domains identifier. 
Nucleic Acids Res. 20051;33(Web Server issue):W116-20. 
PMID:15980438

9. Xavier BB, Lammens C, Ruhal R, Kumar-Singh S, Butaye P, 
Goossens H, et al. Rapid Communication, Eurosurveillance, 
Identification of a novel plasmid-mediated colistin-
resistant gene mcr-2 in E. coli. Supplementary material. 
[Accessed 7 Jul 2016]. Available from: https://www.
uantwerpen.be/en/rg/lab-of-medical-microbiology/
projects-and-publications/publications/key-publications/
rapid-communication-eurosurveillance/

10. Siguier P, Perochon J, Lestrade L, Mahillon J, Chandler 
M. ISfinder: the reference centre for bacterial insertion 
sequences.Nucleic Acids Res. 2006;34(Database issue):D32-6. 
DOI: 10.1093/nar/gkj014 PMID: 16381877

11. Gokulan K, Khare S, Rooney AW, Han J, Lynne AM, Foley SL. 
Impact of plasmids, including those encodingVirB4/D4 type IV 
secretion systems, on Salmonella enterica serovar Heidelberg 
virulence in macrophages and epithelial cells.PLoS One. 
2013;8(10):e77866. DOI: 10.1371/journal.pone.0077866 PMID: 
24098597

12. Berrisford JM, Baradaran R, Sazanov LA. Structure of bacterial 
respiratory complex I.Biochim Biophys Acta. 2016;1857(7):892-
901. DOI: 10.1016/j.bbabio.2016.01.012 PMID: 26807915

13. Wanty C, Anandan A, Piek S, Walshe J, Ganguly J, Carlson 
RW,  et al.  The structure of the neisserial lipooligosaccharide 
phosphoethanolamine transferase A (LptA) required for 
resistance to polymyxin. J Mol Biol. 2013;425(18):3389-402. 
DOI: 10.1016/j.jmb.2013.06.029 PMID: 23810904

14. Fernandes MR, Moura Q, Sartori L, Silva KC, Cunha MP, 
Esposito F, et al. Silent dissemination of colistin-resistant 
Escherichia coli in South America could contribute to the 
global spread of the mcr-1 gene. Euro Surveill. 2016;21(17) 
16;21(17):pii=30214.

15. Skov RL, Monnet DL. Plasmid-mediated colistin resistance 
(mcr-1 gene): three months later, the story unfolds.
Euro Surveill. 2016;21(9):30155. DOI: 10.2807/1560-7917.
ES.2016.21.9.30155 PMID: 26967914

16. Prim N, Rivera A, Rodriguez-Navarro J, Espanol M, Turbau M, 
Coll P, et al. Detection of mcr-1 colistin resistance gene in 
polyclonal Escherichia coli isolates in Barcelona, Spain, 2012 
to 2015. Euro Surveill. 2016;21(13) (13):pii=30183.

17. Perreten V, Strauss C, Collaud A, Gerber D. Colistin Resistance 
Gene mcr-1 in Avian-Pathogenic Escherichia coli in South 
Africa.Antimicrob Agents Chemother. 2016;60(7):4414-5. DOI: 
10.1128/AAC.00548-16 PMID: 27161625

18. Rapoport M, Faccone D, Pasteran F, Ceriana P, Albornoz E, 
Petroni A,  et al.  First Description of mcr-1-Mediated Colistin 
Resistance in Human Infections Caused by Escherichia coli in 
Latin America. Antimicrob Agents Chemother. 2016;60(7):4412-
3. DOI: 10.1128/AAC.00573-16 PMID: 27090181

19. Izdebski R, Baraniak A, Bojarska K, Urbanowicz P, Fiett J, 
Pomorska-Wesołowska M, et al. Mobile MCR-1-associated 
resistance to colistin in Poland. J Antimicrob Chemother. 2016 
Jun 20. pii: dkw261. DOI: 10.1093/jac/dkw261 PMID:27330064

20. McGann P, Snesrud E, Maybank R, Corey B, Ong AC, Clifford 
R,  et al.  Escherichia coli Harboring mcr-1 and blaCTX-M on a 
Novel IncF Plasmid: First Report of mcr-1 in the United States. 

Antimicrob Agents Chemother. 2016;60(7):4420-1. DOI: 
10.1128/AAC.01103-16 PMID: 27230792

21. Arcilla MS, van Hattem JM, Matamoros S, Melles DC, Penders 
J, de Jong MD,  et al.  Dissemination of the mcr-1 colistin 
resistance gene. Lancet Infect Dis. 2016;16(2):147-9. DOI: 
10.1016/S1473-3099(15)00541-1 PMID: 26711361

22. Bernasconi OJ, Kuenzli E, Pires J, Tinguely R, Carattoli 
A, Hatz C, et al. Travelers Can Import Colistin-Resistant 
Enterobacteriaceae Including Those Possessing the Plasmid-
Mediated mcr-1 Gene. Antimicrob Agents Chemother. 2016 Jun 
13. pii: AAC.00731-16. PMID: 27297483

23. Storm DR, Rosenthal KS, Swanson PE. Polymyxin and related 
peptide antibiotics.Annu Rev Biochem. 1977;46(1):723-63. DOI: 
10.1146/annurev.bi.46.070177.003451 PMID: 197881

24. Reynolds CM, Kalb SR, Cotter RJ, Raetz CRH. A 
phosphoethanolamine transferase specific for the outer 
3-deoxy-D-manno-octulosonic acid residue of Escherichia 
coli lipopolysaccharide. Identification of the eptB gene and 
Ca2+ hypersensitivity of an eptB deletion mutant.J Biol Chem. 
2005;280(22):21202-11. DOI: 10.1074/jbc.M500964200 PMID: 
15795227

25. Lo WU, Chow KH, Law PY, Ng KY, Cheung YY, Lai EL,  et 
al.  Highly conjugative IncX4 plasmids carrying blaCTX-M 
in Escherichia coli from humans and food animals. J Med 
Microbiol. 2014;63(Pt 6):835-40. DOI: 10.1099/jmm.0.074021-0 
PMID: 24595536

26. Hasman H, Hammerum AM, Hansen F, Hendriksen RS, Olesen 
B, Agersø Y,  et al.  Detection of mcr-1 encoding plasmid-
mediated colistin-resistant Escherichia coli isolates from 
human bloodstream infection and imported chicken meat, 
Denmark 2015. Euro Surveill. 2015;20(49):30085. DOI: 
10.2807/1560-7917.ES.2015.20.49.30085 PMID: 26676364

27. Vila-Farrés X, Ferrer-Navarro M, Callarisa AE, Martí S, Espinal 
P, Gupta S,  et al.  Loss of LPS is involved in the virulence 
and resistance to colistin of colistin-resistant Acinetobacter 
nosocomialis mutants selected in vitro. J Antimicrob 
Chemother. 2015;70(11):2981-6. DOI: 10.1093/jac/dkv244 
PMID: 26311838

28. Conant G, Wolfe K. GenomeVx. Dublin: University College 
Dublin. [Accessed 22 Jun 2016]. Available from: http://wolfe.
ucd.ie/GenomeVx/

29. Källberg M, Margaryan G, Wang S, Ma J, Xu J. RaptorX server: 
a resource for template-based protein structure modeling.
Methods Mol Biol. 2014;1137:17-27. DOI: 10.1007/978-1-4939-
0366-5_2 PMID: 24573471

License and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate 
credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors, 2016.



14 www.eurosurveillance.org

Rapid communications

Arboviral and other illnesses in travellers returning 
from Brazil, June 2013 to May 2016: implications for the 
2016 Olympic and Paralympic Games

P Gautret ¹ , F Mockenhaupt ² , MP Grobusch ³ , C Rothe ⁴ , F von Sonnenburg ⁵ , PJ van Genderen ⁶ , F Chappuis ⁷ , H Asgeirsson ⁸ , 
E Caumes ⁹ , E Bottieau 10 , D Malvy 11 , R Lopez-Vélez 12 , M Jensenius 13 , CS Larsen 14 , F Castelli 15 16 , C Rapp 17 , V Field 18 , I Molina 
19 , E Gkrania-Klotsas 20 , S Florescu 21 , D Lalloo 22 23 , P Schlagenhauf 24 
1. University Hospital Institute for Infectious and Tropical Diseases, Aix-Marseille University, Marseille, France
2. Institute of Tropical Medicine and International Health, Charité – Universitätsmedizin Berlin, Germany
3. Centre for Tropical Medicine and Travel Medicine, Department of Infectious Diseases, Academic Medical Centre, University of 

Amsterdam, Amsterdam, the Netherlands
4. University Medical Center Hamburg-Eppendorf, Department of Tropical Medicine and Infectious Diseases, Bernhard Nocht 

Clinic, Hamburg, Germany
5. Department of Infectious Diseases and Tropical Medicine, Ludwig-Maximilian’s University of Munich, Munich, Germany
6. Institute for Tropical Disease, Harbour Hospital, Rotterdam, the Netherlands
7. Division of Tropical and Humanitarian Medicine, Geneva University Hospitals, Geneva, Switzerland
8. Department of Infectious Diseases, Karolinska University Hospital, Stockholm, Sweden
9. Department of Infectious and Tropical Diseases, Hôpital Pitié-Salpétrière, Paris, France
10. Department of Clinical Sciences, Institute of Tropical Medicine, Antwerp, Belgium
11.  Department of Internal Medicine and Tropical Disease, University Hospital Centre, Bordeaux, France
12. Tropical Medicine and Clinical Parasitology, Infectious Diseases Department, Ramón y Cajal Hospital, Madrid, Spain
13. Department of Infectious Diseases, Oslo University Hospital, Oslo, Norway
14. Department of Infectious Diseases, Aarhus University Hospital, Denmark
15.   University Division of Infectious and Tropical Diseases, University of Brescia, Brescia, Italy
16. Brescia Spedali Civili General Hospital, Brescia, Italy
17.   Department of Infectious and Tropical Diseases, Hôpital Bégin, Saint-Mandé, France.
18.  InterHealth Worldwide and National Travel Health Network and Centre (NaTHNaC), London, United Kingdom
19. Tropical Medicine Unit Drassanes-Vall d’Hebron, PROSICS Barcelona, Barcelona, Spain
20. Department of Infectious Diseases, Addenbrooke’s Hospital, Cambridge, United Kingdom
21. Dr. Victor Babes Clinical Hospital for Infectious and Tropical Diseases, Bucharest, Romania
22. Liverpool School of Tropical Medicine, Liverpool, United Kingdom
23. National Institute for Health Research Unit in Emerging and Zoonotic Infections, Liverpool, United Kingdom
24. University of Zürich Centre for Travel Medicine, WHO Collaborating Centre for Travellers’ Health, Epidemiology, Biostatistics 

and Prevention Institute, Zürich, Switzerland
Correspondence: Philippe Gautret (philippe.gautret@club-internet.fr)

Citation style for this article: 
Gautret P, Mockenhaupt F, Grobusch MP, Rothe C, von Sonnenburg F, van Genderen PJ, Chappuis F, Asgeirsson H, Caumes E, Bottieau E, Malvy D, Lopez-Vélez R, 
Jensenius M, Larsen CS, Castelli F, Rapp C, Field V, Molina I, Gkrania-Klotsas E, Florescu S, Lalloo D, Schlagenhauf P. Arboviral and other illnesses in travellers 
returning from Brazil, June 2013 to May 2016: implications for the 2016 Olympic and Paralympic Games. Euro Surveill. 2016;21(27):pii=30278. DOI: http://dx.doi.
org/10.2807/1560-7917.ES.2016.21.27.30278

Article submitted on 24 June 2016 / accepted on 06 July 2016 / published on 07 July 2016

We evaluated EuroTravNet (a GeoSentinel subnetwork) 
data from June 2013 to May 2016 on 508 ill travellers 
returning from Brazil, to inform a risk analysis for 
Europeans visiting the 2016 Olympic and Paralympic 
Games in Brazil. Few dengue fever cases (n = 3) and 
no cases of chikungunya were documented during 
the 2013–15 Brazilian winter months, August and 
September, the period when the Games will be held. 
The main diagnoses were dermatological (37%), gas-
trointestinal (30%), febrile systemic illness (29%) and 
respiratory (11%).

We analysed travel-associated morbidity in ill travellers 
returning from Brazil and presenting at 22 EuroTravNet 
sites during June 2013 to May 2016. As the Olympic and 
Paralympic Games will take place during August and 
September, the cooler months in Brazil, we focused on 
the main vector-bone diseases reported during these 

months. Very few cases of dengue fever (n = 3) and no 
cases of chikungunya were reported during August and 
September in three consecutive years. The main syn-
dromic diagnoses were dermatological (37%; n = 189), 
gastrointestinal (30%; n = 152), febrile systemic illness 
(29%; n = 148) and respiratory (11%; n = 58).

Findings
A total of 508 ill returning European travellers were 
recorded during the study period, June 2013 to May 
2016 (Table 1). Most patients were tourists (68%; n 
= 339) and 27% (n = 136) had documented pre-travel 
advice. The median duration of travel was 22 days 
(range: 2–2,588). A total of 27 patients were hospital-
ised (5%).

The main syndromic diagnoses are shown in Table 2.
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The most frequent specific dermatological diagnoses 
were parasitic skin infections, in particular cutaneous 
larva migrans. Arthropod bites and skin and soft tissue 
infections were also among the most common derma-
tological conditions.

Most patients with gastrointestinal disease had acute 
diarrhoea of unknown aetiology, while infection with 
Giardia intestinalis and geohelminths (i.e. soil-trans-
mitted) accounted for the most frequent aetiological 
diagnoses.

The most frequent causes of febrile systemic illnesses 
during the study period were dengue fever, chikungu-
nya and Zika virus infection (ZVI). The number of cases 
according to month of infection over the study period 
is shown in the Figure. The first reported case of chi-
kungunya acquired the infection in March 2014, and 
the first case of ZVI acquired the infection in May 2015. 
There were three cases of malaria: two Plasmodium 
falciparum and one P. vivax malaria. No deaths were 
recorded.

Figure 1
Aggregate monthly number of cases of dengue fevera, chikungunyab and Zika virus infectionc among ill travellers returning 
from Brazil presenting at EuroTravNet sitesd by month of infectione and aggregate number of returning travellers with any 
illness, by month of travelf, June 2013–May 2016 (n = 273)

0

2

4

6

8

10

12

14
Zika virus infection

Chikungunya

Dengue fever

All ill travelers

Month

Ag
gr

eg
at

e 
nu

m
be

r o
f c

as
es

Aggregate num
ber of ill travelers

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0

5

10
Olympics

5-21 Aug 7-18 Sept

Paralympics

15

20

25

30

35

40

The period of the 2016 Olympic and Paralympic Games is indicated.

a Dengue fever cases were seen at EuroTraveNet sites in each of the study years.

b Chikungunya cases were seen at EuroTraveNet sites in 2014–16 (the end of the study period being May 2016).

c Zika virus has only recently emerged in Brazil [8]. Cases of zika virus infection were seen at EuroTraveNet sites in 2015–16 (the end of the 
study period being May 2016). No cases of Zika virus infection in returning travellers from Brazil were reported at EuroTravNet sites from 
August to September in 2015.

d EuroTravNet, a subnetwork of GeoSentinel [1], comprises European sites specialised in travel or tropical medicine that contribute clinician-
based data on ill travellers [2].

e Based on travel dates, date of symptom onset and known incubation period.

f Travel duration of 22 days or less.
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Among those with respiratory syndromes, no causative 
agent was identified, with the exception of the three 
influenza cases. 

EuroTravNet and study inclusion criteria
EuroTravNet, a subnetwork of GeoSentinel [1], com-
prises 22 European sites specialised in travel or tropi-
cal medicine that report clinician-based data on ill 
travellers [2]. Sites enter anonymised data on demo-
graphics, travel history, reason for travel, pre-travel 
advice, hospitalisation, major clinical symptoms and 
final, clinician-verified diagnoses. In our study, only 
travellers with Brazil as a single country of exposure 
were included. Only confirmed and probable diagnoses 
were included and patients whose only travel was for 
‘migration’ were excluded. Every patient had at least 
one diagnosis (from a list of 556 possible diagnostic 
codes). Diagnoses were based on the recognition of a 
specific causative pathogen using the best reference 
diagnostic tests available. Syndromic codes were used 
when clinical indicators suggested a specific diagnosis 
without identification of a causative pathogen.

Background
International mass gatherings pose a risk for commu-
nicable disease outbreaks and onward rapid, global 
spread of infection [3]. The Olympic Games will take 
place mainly in Rio de Janeiro, Brazil, on 5–21 August 
2016, followed by the Paralympic Games, on 7–18 
September 2016. More than 400,000 visitors to the 
Games are expected [4]. The European Centre for 

Disease Prevention and Control (ECDC) recently issued 
a health risk assessment for European citizens visit-
ing the Games [5], based mainly on extrapolation of 
data obtained from the Brazilian population. Data on 
illness in travellers returning from Brazil will provide 
additional information on which to base an accurate 
risk assessment for Europeans attending the Games. 
A previous study on this topic was conducted by 
GeoSentinel (the Global Surveillance Network of the 
International Society of Travel Medicine) among travel-
lers to Brazil between July 1997 and May 2013 [6]. Our 
study presented here reports more recent data, with a 
focus on European travellers and mosquito-borne viral 
infections. 

Discussion
European travellers returning from Brazil during the 
past three years had a pattern of travel-related ill-
nesses similar to that previously described in a broader 
population of travellers to Brazil, with the exception of 
an increase in arboviral infections starting in 2014 [6]. 
On the basis of our results, mosquito bite prevention, 
food and water precautions and avoidance of skin con-
tact with soil should be recommended for travellers to 
Brazil. Vaccination against influenza should be con-
sidered for those in risk groups. Vaccination against 
illnesses such as yellow fever and malaria prevention 
should be considered, based on individual itineraries 
in Brazil as detailed in the ECDC health risk assess-
ment [5]. Although no case of measles was reported in 
our analysis, there is a theoretical risk of contracting 

Table 1
Demographic and travel characteristics of ill travellers returning from Brazil presenting at EuroTravNeta sites, June 2013–
May 2016 (n = 508)

Characteristic Number (%)b 
Male 271 (53)
Median age in years (range) 34 (0–79)
Pre-travel advice obtained 
Yes 136 (27)
No 185 (36)
Unknown 187 (37)
Travel reason 
Tourism 339 (67)
Visiting friends and relatives 75 (15)
Business 72 (14)
Missionary, volunteer, researcher, community service worker, humanitarian, aid worker, education worker, student 22 (4)
Travel duration in Brazil, in days 
Median (range) 22 (2–2,588)
< 30 323 (64)
≥ 30 164 (32)
Not documented 21 (4)
Hospitalisation
Yes 27 (5)

a EuroTravNet, a subnetwork of GeoSentinel [1], comprises European sites specialised in travel or tropical medicine that contribute clinician-
based data on ill travellers [2]. 

b Unless otherwise specified.
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measles virus [7] and non-immune travellers should be 
up to date with their routine vaccinations.

Two limitations of this EuroTravNet analysis are firstly 
that we captured only ill returning travellers who 
present at a network site and secondly, we have no 
denominator data. However, our network has an impor-
tant sentinel function in identifying new and emerging 
imported infections and trends [2], as evidenced by 
our recording the importation of chikungunya cases 
from Brazil, starting in 2014, in the present study. The 
first case of ZVI exported from Brazil was reported to 

EuroTravNet in May 2015, soon after the first cases 
were documented locally in Brazil and in a traveller 
returning to Italy [8,9]. Overall, mosquito-borne viral 
infections acquired by European travellers in Brazil 
showed a clear seasonal pattern, with most cases 
of dengue fever and chikungunya being observed 
between December and May. In the past three years, 
very few returning travellers with dengue fever and 
none with chikungunya acquired the infection during 
August and September, the months the Olympic and 
Paralympic Games will be held. This seasonal pattern 
is similar to that observed over recent years in the 

Table 2
Main syndrome groups and diagnoses of ill travellers returning from Brazil presenting at EuroTravNet sitesa, June 2013–
May 2016 (605 diagnosis in 508 patients)

Syndrome groups and diagnoses Number (%)b 
Dermatological
Total 189 (37) 
Cutaneous larva migrans, hookworm-related 57 (11)
Insect bite 38 (8)
Skin and soft tissue infections 30 (6)
Tungiasis 8 (2)
Other parasitic infections (myiasis, scabies and cutaneous leishmaniasis) 7 (1)
Tick bite 7 (1)
Animal bites requiring rabies post-exposure prophylaxis 6 (1)
Rash of unknown aetiology, non febrile 6 (1)
Fungal infection 5 (1)
Gastrointestinal
Total 152 (30) 
Acute diarrhoea, aetiology unknown 43 (8)
Giardiasis 21 (4)
Intestinal helminthiases (strongyloidiasis, hookworm infection, ascaridiasis) and schistosomiasis 19 (4)
Other intestinal infections with documented pathogenc 13 (3)
Chronic diarrhoea (> 2 weeks), aetiology unknown 10 (2)
Irritable bowel syndrome, post infectious 6 (1)
Febrile systemic illness
Total 148 (29) 
Unspecified febrile illness 60 (12)
Dengue fever 32 (6)
Chikungunya 15 (3)
Zika virus infection 14 (3)
Other febrile systemic illness with documented pathogend 9 (2)
Respiratory

Total 58 (11) 

Upper respiratory tract infection 28 (6)
Influenza-like illness or confirmed influenzae 16 (3)
Pneumonia 8 (2)

a EuroTravNet, a subnetwork of GeoSentinel [1], comprises European sites specialised in travel or tropical medicine that contribute clinician-
based data on ill travellers [2].

b Percentage of patients with a given syndrome or diagnosis; one or more diagnoses are possible for each ill returning traveller.
c Salmonella spp. infection (n = 5), Shigella spp. infection (n = 4), Dientamoeba fragilis infection (n = 2), Campylobacter spp. infection (n = 1), 

Cryptosporidium spp. infection (n = 1).
d Plasmodium falciparum malaria (n = 2), P. vivax malaria (n = 1), cytomegalovirus infection (n = 1), Epstein–Barr virus infection (n = 1), visceral 

leishmaniasis (n = 1), leptospirosis (n = 1), extrapulmonary tuberculosis (n = 1), meningococcal sepsis (n = 1).
e Influenza B infection (n = 2), influenza A infection (n = 1).
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Brazilian population. A recent publication showing a 
‘heat map’ and epidemiological data on local dengue 
virus transmission in Rio de Janeiro during August to 
September each year during 2001 to 2015 highlights 
the fact that these are the ‘cold’ periods, with minimal 
transmission of dengue virus [10]. Given that Zika virus 
is transmitted via the same Aedes aegypti vector, we 
consider that the risk of acquiring ZVI during the 2016 
Olympic and Paralympic Games in Brazil will be low.

Despite this, mosquito prevention measures should 
be recommended for travellers and pregnant women 
should be discouraged from travel to Brazil during 
this period [5]. Furthermore recommendations to pre-
vent onward sexual transmission of Zika virus should 
be observed; these are constantly updated by the 
European Commission [11]. Of note, infected travellers 
may return home to European metropolitan areas with 
high-density populations of Aedes albopictus [12] and 
ambient temperatures that are conducive to autochtho-
nous outbreaks of arboviral infections in large suscep-
tible populations. This underscores the importance of 
surveillance of travel-associated infections and vigi-
lance regarding mosquito control in Europe.
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In 2006, Belgium was the first country in the European 
Union to recommend rotavirus vaccination in the rou-
tine infant vaccination schedule and rapidly achieved 
high vaccine uptake (86–89% in 2007). We used 
regional and national data sources up to 7 years post-
vaccination to study the impact of vaccination on labo-
ratory-confirmed rotavirus cases and rotavirus-related 
hospitalisations and deaths.  We showed that (i) from 
2007 until 2013, vaccination coverage remained at 
79–88% for a complete course, (ii) in children 0–2 
years, rotavirus cases decreased by 79% (95% confi-
dence intervals (CI): 68–89%) in 2008–2014 compared 
to the pre-vaccination period (1999–2006) and by 50% 
(95% CI: 14–82%) in the age group ≥ 10 years, (iii) hos-
pitalisations for rotavirus gastroenteritis decreased 
by 87% (95% CI: 84–90%) in 2008–2012 compared to 
the pre-vaccination period (2002–2006), (iv) median 
age of rotavirus cases increased from 12 months to 
17 months and (v) the rotavirus seasonal peak was 
reduced and delayed in all post-vaccination years. The 
substantial decline in rotavirus gastroenteritis requir-
ing hospitalisations and in rotavirus activity following 
introduction of rotavirus vaccination is sustained over 
time and more pronounced in the target age group, but 
with evidence of herd immunity.

Introduction
Globally, rotavirus is the leading cause of severe acute 
gastroenteritis in children aged less than 5 years, 
resulting in substantial morbidity and mortality [1]. 
Most children are infected at least once with rotavirus 
by the age of 5 years, with severe disease occurring 

most commonly between the ages of 6 months and 
2 years [2,3]. Before vaccine introduction in Belgium 
in 2006, the burden of rotavirus disease was high 
compared with other European countries and rotavi-
rus was estimated to account for nearly 5,600 hospi-
talisations annually in children < 7 years [4]. In June 
2006, the two-dose oral monovalent vaccine (Rotarix, 
GlaxoSmithKline Biologicals, Rixensart, Belgium) was 
marketed, followed by the three-dose oral pentavalent 
vaccine (RotaTeq, Sanofi Pasteur MSD, Lyon, France) 
in June 2007. Rotavirus vaccination has been recom-
mended by the Superior Health Council (the Belgian 
National Immunization Technical Advisory Group) for 
all infants at 8 weeks of age since October 2006 and 
has been partially reimbursed since November 2006. 
The monovalent vaccine is administered at 8 and 12 
weeks of age and the pentavalent vaccine at 8, 12 
and 16 weeks of age. Since January 2007, rotavirus 
vaccination has been offered systematically during 
preventive consultations organised by the govern-
ment agency well-baby clinics. All children between 
0 and 3 years are actively invited via their parents or 
guardians to attend these easily accessible consulta-
tions in their local community, free of charge (including 
medical acts like prescribing and administering vac-
cines). Unlike other recommended childhood vaccines, 
rotavirus vaccines are only partially reimbursed on a 
per-prescription basis. Currently, EUR 11.8 per dose 
is co-paid by caregivers (usually the parents) of vac-
cine recipients [5]. Rotavirus vaccine introduction led 
to a substantial decline in rotavirus activity during the 
period from July 2007 to June 2008 [6] and a reduction 
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in rotavirus-related hospitalisations in the period from 
June 2007 to May 2009, based on a sample of 12 hos-
pitals in Belgium and on a study in a university hos-
pital [7,8]. A case–control study conducted in Belgium 
in 2008–2010 showed that the effectiveness of two 
doses of the monovalent rotavirus vaccine against hos-
pital admissions was 90% [9].

Rotavirus gastroenteritis is not mandatorily notifi-
able in Belgium. Surveillance is conducted through a 
laboratory-based sentinel network registering positive 
rotavirus tests, and the secondary analysis of health-
care utilisation databases (rotavirus-related hospitali-
sations, for which registration is obligatory). Rotavirus 
vaccine coverage is monitored through cluster sample 
surveys [10,11]. We collected all available surveillance 
and coverage data (one regional and seven national 
data sources) to study the impact of rotavirus vaccina-
tion in more detail and for a longer follow-up period. 
More particularly, we assessed trends in rotavirus test-
ing and detection, hospitalisations and deaths due to 
rotavirus or acute gastroenteritis and rotavirus vacci-
nation coverage. We analysed weekly rotavirus activity 
for up to 7 epidemiological years (1 July to 30 June) after 
vaccine introduction, described changes in both timing 
and age of rotavirus infection, obtained evidence for 
herd immunity, looked for changes in testing behaviour 
pre- and post-vaccination and estimated the coverage 
of the two rotavirus vaccines separately.

Methods
Data were derived from eight different databases, sur-
veillance systems and other data sources in Belgium 
(Table 1). Data analysed include: vaccination cover-
age, number of rotavirus tests and confirmed infec-
tions, hospitalisations and deaths due to rotavirus or 
acute gastroenteritis. All data were processed without 
patient-identifying information. We assigned a random 
number (one, two or three tests) to weeks in which 
the exact number of tests/confirmed infections/hos-
pitalisations could not be disclosed to us for privacy 
reasons under Belgian legislation (e.g. fewer than four 
tests). Analyses were performed using R [12] and SAS 
Enterprise Guide (version 5.1).

Vaccination coverage
Vaccination coverage was derived from three inde-
pendent sources: coverage surveys, vaccination sales 
data and reimbursement data.

Coverage surveys: in Belgium vaccination coverage in 
children is estimated in the three regions (Brussels-
Capital region, Flanders and Wallonia) based on cluster 
sample surveys [10,11]. We estimated a national cover-
age for 2012 as a weighted average of the three regional 
rates, using the population under 1 year of age of every 
region of the corresponding year. Population and birth 
statistics were retrieved from Statistics Belgium [13].

Vaccination sales data: the annual number of doses 
sold in Belgium was obtained from GlaxoSmithKline 
Biologicals s.a (Rotarix) and Sanofi Pasteur MSD 

Figure 1
Weekly number of laboratory confirmed rotavirus cases and rotavirus hospitalisations in children aged 0–2 years, and 
annual rotavirus vaccine coverage for a complete schedule based on reimbursement data, sales data and surveys, Belgium, 
various seasons 1999–2014
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NCSF: National Alliance of Christian Sickness Funds; RV: rotavirus.

Since October 2006, rotavirus vaccination has been recommended for all infants. Data sources are as follows: weekly number of laboratory 
confirmed rotavirus cases (Sentinel Laboratory Network, July 1999-June 2001 and July 2005-June 2014) and rotavirus hospitalisations 
(National Alliance of Christian Sickness Funds (NSCF- members), July 2004-June 2012) in children aged 0–2 years, and annual rotavirus 
vaccine coverage for a complete schedule based on reimbursement data (2007–2012), sales data (2006–2013) and surveys (2012).
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Figure 2
Number of confirmed rotavirus cases and hospitalisations by age and rotavirus season, Belgium, various seasons, July 2004 
to June 2014
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(RotaTeq). We assumed all doses sold were adminis-
tered and all infants received a complete vaccination 
schedule (i.e. two doses for Rotarix or three doses for 
RotaTeq). Annual vaccination coverage was estimated 
by dividing the number of complete vaccination sched-
ules by the number of newborns in the corresponding 
year. Since Rotarix was put on the market on 1 June 

2006, coverage for 2006 was based on the corre-
sponding monthly birth statistics over the remaining 7 
months.

Reimbursement data: the number of partially reim-
bursed rotavirus vaccines in Belgium was obtained 
from the Inter Mutualistic Agency (IMA-AIM). These 

Figure 3
Rotavirus hospitalisations, rotavirus laboratory confirmed cases and proportion of rotavirus positive tests, Belgium, 
1999–2014
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For each rotavirus season, width (vertical line) and peak (point) of the rotavirus epidemic are shown.

The start/end of the epidemic for each season are defined as the week where there are more/less than the average weekly number of 
hospitalisations, rotavirus cases or proportion of positive tests (‘method average’). For the proportion of rotavirus positive tests, the 
dashed lines presents the width of the rotavirus epidemic defined as the 2 first/last consecutive weeks during which the proportion 
of positive rotavirus tests was ≥ 10% (Tate method [22]). The peak is defined as the week with the highest number of hospitalisations, 
laboratory confirmed cases or proportion of positive tests.
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reimbursement data allowed us to derive the number 
of infants who had received at least one rotavirus vac-
cine dose and the number of infants who had com-
pleted a course of vaccination by week (i.e. two doses 
Rotarix or three doses RotaTeq). IMA-AIM data contain 
the delivery date of the vaccine (i.e. date of purchase), 
which is not necessarily the administration date. It was 
estimated that 70% of infants receive rotavirus vac-
cine within one week after purchase and 90% within 
4 weeks of purchase (for all doses, unpublished data 
from Vaccinnet [14]). Annual vaccination coverage was 
calculated by dividing the number of infants with a 
complete vaccination scheme reimbursed, by the num-
ber of vaccine-eligible infants of the same year.

Number of rotavirus tests and laboratory-
confirmed rotavirus infections
Confirmed rotavirus cases were obtained from the 
Sentinel Laboratory Network (SLN). The SLN is a vol-
untary network of microbiology laboratories that 

weekly reports positive results of ca 40 pathogens to 
the Belgian Scientific Institute of Public Health and 
that is representative in terms of test coverage at both 
the national and regional level (Flanders, Wallonia and 
Brussels) [15]. Rotavirus infection was included in the 
SLN surveillance in 1999, discontinued in 2001 and 
reintroduced in 2005. The discontinuation in surveil-
lance from 2001 to 2004 was due to the withdrawal of 
the RotaShield vaccine (Wyeth Laboratories, Inc., PA, 
US) and the high workload related to case reporting 
for the laboratories [6]. The percentage of all rotavirus 
tests in Belgium covered by the SLN was stable and 
estimated at 66.1% (average 2006–2012; range 64.5–
67.5%). For each positive test, a minimum set of epide-
miological data are provided, including date of birth, 
sex, municipality of the case, date of detection, type of 
sample and laboratory technique used. No clinical or 
vaccination data are collected. We obtained the weekly 
number of positive rotavirus tests by age, as registered 
by the SLN for the years 1999–2001 and 2005–2014.

Table 1
Data sources and available time periods to determine the impact of rotavirus vaccination, Belgium, 1987–2014

Datasource Abbreviation Indicator
Available 

time 
period

Geographical 
coverage

National 
coverage Pre-vaccination Transition 

period
Post-

vaccination

Sentinel Laboratory 
Network SLN

Laboratory 
confirmed 

rotavirus infections

1999–2001 
and 

2005–2014
Nationwide

66.1% 
(average 

2006–2012)

July 1999 to 
June 2001 and 

July 2005 to 
June 2006

July 2006 
to June 
2008

July 2008 to 
June 2014

Minimal 
Hospitalization Data MHD

Hospitalisation 
discharge 

for rotavirus 
and all cause 

gastroenteritis 
ICD-9 (ICD-9-CM)

1999–2011 Nationwide 100% July 1999 to 
June 2006

July 2006 
to June 
2008

July 2008 to 
June 2011

Carenet-National 
Alliance of Christian 
Sickness Funds

Carenet-NCSF

Health insurance 
data on hospital 

admissions 
for rotavirus 

gastroenteritis 
(rota or ICD-9-CM 

or ICD-10)

2004–2012 Nationwide
41.3% 

(average 
2004–2012)

July 2004 to 
June 2006

July 2006 
to June 
2008

July 2008 to 
June 2012

Inter Mutualistic 
Agency IMA-AIM

Number of 
reimbursed 

rotavirus tests 
and reimbursed 

vaccines 
(vaccination 

coverage)

2004–2012 Nationwide 100% July 2004 to 
June 2006

July 2006 
to June 
2008

July 2008 to 
June 2012

Sales data NA
Number of vaccines 

sold (vaccination 
coverage)

2006–2013 Nationwide 100% NA 2006–
2008 2008–2013

Weighted average of 
coverage surveys NA Vaccination 

coverage 2012 Nationwide 100% NA NA 2012

Standardized 
Procedures for 
Mortality Analysis

SPMA

Deaths due to 
gastroenteritis 
(ICD-9-CM or 

ICD-10)

1987–
2000 and 

2003–2010
Nationwide 100% 1987–2000 

2003–2005
2006–
2008 2009–2010

Cause-specific 
mortality Flanders NA

Deaths due 
to rotavirus 

gastroenteritis 
(ICD-10)

2000–2012 Regional
54% 

(average 
2000–2012)

2000–2005 2006–
2008 2009–2012

NA: not applicable.
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Table 2
Impact of vaccination on laboratory confirmed rotavirus infections and hospitalisations for acute gastroenteritis and 
rotavirus gastroenteritis by age strata according to different data sources used, Belgium, various seasons 1999 to 2014

Rotavirus positive testsa and reimbursed testsb

Pre-vaccination period Transition period Post-vaccination period 

Mean 
rotavirus 
positive 
tests (%)  

July 1999 to 
June 2001 
and July 

2005 to June 
2006 

Mean 
re-imbursed 

rotavirus tests 
(%)  

July 2004 to June 
2006 

Mean rotavirus 
positive tests 

(%)  
July 2006 to 
June 2008 

Mean 
re-imbursed 

rotavirus tests 
(%)  

July 2006 to 
June 2008 

Mean rotavirus 
positive tests 

(%)  
July 2008 to 

June 2014 

Mean 
re-imbursed 

rotavirus tests 
(%)  

July 2008 to 
June 2012 

Reduction 
of rotavirus 

positive 
tests (%)

(post/pre) 

95% CI 

Reduction of 
re-imbursed 

rotavirus tests 
of SNL (%) 
(post/pre) 

95% CI 

0–2 yearsc 6,890 47,742 3,581 40,569 1,434 32,947 79.2% 68.0–
88.9 31.0% 15.6–

43.0

0–11 months 3,585 
(52.7%) 13,216 (27.5%) 1,408 (40.1%) 11,265 (27.8%) 592 (41.5%) 9,824 (29.8%) 83.5% 75.8–

90.5 25.7% 14.2–
35.6

12–23 months 2,477 
(36.4%) 24,662 (51.6%) 1,559 (44.3%) 20,636 (50.9%) 601 (42.1%) 16391 (49.7%) 75.7% 61.3–87.7 33.5% 18.4–

45.1

24–35 months 735 (10.8%) 9,864 (20.9%) 549 (15.6%) 8,669 (21.4%) 236 (16.5%) 6,732 (20.4%) 68.0% 39.8–
85.9 31.8% 7.2–

48.1

3 years and 
older 558 NA 405 NA 288 NA 48.5% 14.9–73.5 NA NA

3 years 255 (45.6%) NA 178 (44.0%) NA 110 (38.3%) NA 56.7% 23.0–
79.8 NA NA

4 years 102 (18.3%) NA 79 (19.5%) NA 54 (18.8%) NA 47.2% 9.3–75.7 NA NA

5-9 years 103 (18.4%) NA 81 (19.9%) NA 74 (25.8%) NA 27.8%
CI 

includes 
0

NA NA

10 years and 
older 99 (17.7%) NA 67 (16.6%) NA 49 (17.1%) NA 50.0% 13.9–82.1 NA NA

5 years and 
older 201 NA 148 NA 124 NA 38.7% 1.4–69.2 NA NA

Total 7,448 NA 3,985 NA 1,722 NA 76.9% 64.4–
87.6 NA NA

Hospitalisation discharge datad 

Pre-vaccination  
July 1999 to June 2006 

Transition period  
July 2006 to June 2008 

Post-vaccination period  
July 2008 to June 2011 

Mean annual 
number 

Mean incidence 
rate per 
100,000 

Mean annual 
number 

Mean incidence 
rate per 100,000 

Mean annual 
number 

Mean 
incidence rate 
per 100,000 

Reduction 
incidence 
(post/pre) 

95% CI 

Rotavirus 
gastroenteritis 4,761 46.0 2,617 24.7 1,328 12.3 73.3% 70.1–75.8

Acute 
gastroenteritis 22,550 218.1 19,843 187.4 17,211 159.3 26.9% 22.1–31.4

Hospitalisations health insurance datae 

Pre-
vaccination  
July 2004 to 
June 2006 

Transition 
period  

July 2006 to 
June 2008 

Post-
vaccination  
July 2008 to 

June 2012 
Reduction 
(post/pre) 95% C) 

Mean annual 
number % Mean annual 

number % Mean annual 
number % 

0-2 years 6,399 2,393 842 86.8% 84.1–89.5

0-11 months 3,038 47.5% 948 39.6% 337 40.0% 88.9% 86.2–91.5

12-23 months 2,522 39.4% 1,012 42.3% 340 40.4% 86.5% 81.9–90.3

24-35 months 839 13.1% 432 18.1% 165 19.6% 80.3 63.8–89.8

3 years and 
older 665 339 231 65.2% 50.2–76.1

3 years 344 51.7% 182 7.6% 105 45.5% 69.5 CI includes 0

4 years 120 18.0% 70 2.9% 51 22.1% 57.6 CI includes 0

5-9 years 161 24.2% 74 3.1% 61 26.4% 62.3 35.2–80.8

10 years and 
older 41 6.2% 14 0.6% 15 6.5% 63.3 CI includes 0

5 years and 
older 201 87 76 62.5 49.3–74.2

Total 7,064 2,732 1,074 84.8% 81.6–87.9

CI: Confidence intervals; NA: not available.
a Source: Sentinel Laboratory Network.
b Source: Inter Mutualistic Agency.
c In those 0-2 years the age in months was unknown in some cases.
d Source: Minimal Hospitalization Data.
e Source: Carenet-National Alliance of Christian Sickness Funds.
Reduction of disease post-vaccination is given with 95% confidence intervals.
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To investigate whether a reduction in number of posi-
tive rotavirus tests was due to an actual reduction in 
number of rotavirus cases or merely due to changes 
in testing behaviour since the introduction of the rota-
virus vaccines, we additionally collected the weekly 
number of reimbursed rotavirus tests performed by 
the SLN and by all laboratories in Belgium. Data were 
obtained from IMA-AIM, which registers all reimbursed 
microbiology tests per laboratory in Belgium. Rotavirus 
tests have been reimbursed for children ≤ 2 years of age 
since 1995. Weekly numbers of reimbursed rotavirus 
tests were obtained for the period 2004–2012. For the 
years 2004 and 2005 reimbursement data were only 
available for the ‘Permanent Sample’ (PS) from IMA-
AIM, a representative sample which covers 2.5% of the 
total ensured population (in Belgium health insurance 
is mandatory). These data were extrapolated to the 
population based on the average coverage of the PS for 
the years 2006–2011 (for which data for both PS and 
the total ensured population were available). During 
the period 2006–2011, PS coverage did not change 
over time. The age of children with a reimbursed rota-
virus test could not be reliably obtained from IMA-
AIM, as only the year of birth is available. Therefore, 
the week-by-week age distribution of children < 2 years 
for whom tests were reimbursed was obtained from 
the largest health insurance company in Belgium (the 
National Alliance of Christian Sickness Funds (NCSF)). 
The NCSF covers ca 40% of all members of the ensured 
population included in IMA-AIM in a representative 
manner [16]. This age distribution was applied to the 
overall weekly number of reimbursed tests performed 
by the SLN. Data extractions and analyses related to 
NCSF were performed at the Medical Management 
Department of the NCSF under the supervision of the 
Chief Medical Officer.

Additionally, we calculated the weekly proportion 
of rotavirus tests that were positive by dividing the 
number of positive tests (SLN) by the number of reim-
bursed tests (IMA-AIM), for children ≤ 2 years of age. 
As children may be tested more than once for rotavirus 
(including multiple tests for a single episode), we iden-
tified and removed the duplicates in the SLN, IMA-AIM 
and NCSF databases, based on date of birth, sample 
week and municipality if available. Any episode occur-
ring in the same child in the same year was considered 
to be a duplicate case.

Hospitalisations for rotavirus and acute 
gastroenteritis
Rotavirus-related hospitalisations were obtained from 
two independent databases.

Minimal Hospital Data
The Minimal Hospital Data (MHD) are managed by the 
Federal Public Service of Health and are an electronic 
collection of anonymised records of patients admitted 
to all public and private hospitals in Belgium. For the 
period 1999–2011, we obtained the monthly number of 
hospitalisations with primary discharge diagnoses of: 

(i) rotavirus enteritis (by diagnosis code International 
Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) code 008.61) and (ii) any other 
acute gastroenteritis not coded as rotavirus (i.e. diar-
rhoea of determined aetiology (bacterial (001–005 and 
008.0–008.5), parasitic (006–007) and viral (008.6)), 
and/or diarrhoea of undetermined aetiology (presumed 
infectious (008.8–009.3)) [17]. Hospitalisation rates 
were calculated by dividing the annual number of rota-
virus enteritis or acute gastroenteritis hospitalisations 
by the age-specific Belgian population for the corre-
sponding years [13]. Because the age of a hospitalised 
person could not be derived reliably from MHD (only 
year of birth is registered), the Carenet-NCSF database 
was used to investigate the age distribution of rotavi-
rus-related hospitalisations (see next paragraph).

Hospital database Carenet-NCSF
Carenet is designed for electronic information exchange 
between hospitals and health insurance companies 
about hospital admissions. In July 2006 Carenet cov-
ered 88% of Belgian hospital beds, in July 2009 this 
increased to 99%. We could only obtain Carenet data 
from members of the NCSF health insurance company 
(see above). We obtained all records (2004–2012) on 
hospitalised patients who were member of the NCSF for 
which the diagnostic field included one of the follow-
ing search strings: ‘rota’ or ICD-9-CM code ‘008.61’ or 
ICD-10 code ‘A08.0’ [18]. A medical clinician searched 
the diagnostic fields of the retrieved records manually 
and selected those for which rotavirus was likely to be 
the main reason for hospitalisation. Data extractions 
and analyses related to NCSF were performed at the 
Medical Management Department of the NCSF under 
the supervision of the Chief Medical Officer.

Weekly numbers of rotavirus hospitalisations from 
NCSF members were used to cross-validate trends 
observed in MHD, to investigate the age distribution of 
rotavirus hospitalisations and to study a possible shift 
in the peak number of hospitalisations after the intro-
duction of rotavirus vaccination.

Deaths due to gastroenteritis
We calculated the death rate in children < 5 years due 
to gastroenteritis using the Standardized Procedures 
for Mortality Analysis (SPMA) website [19]. Data were 
available for 1987–2000 and 2003–2010. We included 
all intestinal infectious diseases with ICD-9 codes 
001–009. From 1998 onwards ICD-10 codes A00-A09 
were used. More detailed coding of mortality data were 
available for Flanders for the period 2000–2012 allow-
ing the use of ICD-10 codes (A00-A09) and the specific 
code for rotavirus (A08.0) [20]. The annual death rate 
was defined as the ratio of the number of deaths to the 
number of people in the age group < 5 years.

General definitions and assumptions
We defined epidemiological years from the beginning of 
July to the end of June of the following year. We defined 
three periods of analysis to reflect the introduction 
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of rotavirus vaccination. The pre-vaccination period 
includes data from July 1999 (MHD, SLN) and July 2004 
(Carenet-NCSF, IMA-AIM) until June 2006 (all datasets). 
The transition period, during which rotavirus vaccine 
was first marketed and introduced, includes data from 
July 2006 to June 2008. The post-vaccination period 
includes data from July 2008 (all datasets) until June 
2011 for MHD, June 2012 for Carenet-NCSF and IMA-AIM 
and June 2014 for the SLN (Table 1).

Currently, there is no standard way to determine the 
onset, peak and end of a rotavirus epidemic. Indeed, 
the European Centre for Disease Prevention and 
Control (ECDC) advises that each country specifies its 
own definition [21]. To explore the changes in timing 
and the duration of the rotavirus epidemic, we defined 
the start and end of the rotavirus epidemic as the week 
in which more or less than the average weekly num-
ber of positive rotavirus tests occurred for a particular 
epidemiological year (‘method average’). We also used 
the definition proposed by Tate and colleagues (‘Tate 
method’) [22], and recommended by the ECDC when 
the proportion of positive rotavirus laboratory tests is 
available. This method defines the start and end of the 
epidemic for each epidemiological year as the 2 first or 
last consecutive weeks during which the proportion of 
positive tests is ≥ 10%. The peak of the epidemiological 
year was defined as the week with the highest number 
of positive rotavirus tests or rotavirus hospitalisations 
or proportion of rotavirus positive tests.

We estimated the vaccine impact, expressed as the 
percentage change, by comparing the mean number of 
laboratory confirmed and hospitalised rotavirus cases 
in unvaccinated populations (pre-vaccination period) 
to the mean in vaccinated populations (post-vaccina-
tion period) [23]. Confidence intervals were calculated 
using Fieller’s method for the confidence interval of 
the quotient of two means, assuming Gaussian distri-
butions [24].

Results

Vaccination coverage
Coverage surveys: national coverage in 2012 was esti-
mated at 85.8% (95% CI: 83.0–88.2%) for a two- or 
three-dose schedule and 89.4% (95% CI: 87.1–91.6%) 
for recipients of at least one dose (Figure 1).

Vaccination sales data: in the first 7 months follow-
ing vaccine introduction, vaccination coverage (two- or 
three-dose scheme) in infants < 1 year was 32.5% and 
rapidly increased to reach 89.4% in 2013, with an aver-
age of 87.5% (minimum-maximum (minmax) range: 
85.5–89.4%) for 2007–2013 (Figure 1).

Reimbursement data: between 2007 and 2012, on 
average 85.4% (range: 80.7–88.2%) of eligible infants 
were vaccinated against rotavirus (88.0% (range: 
80.5–99.0%) of them with Rotarix and 12.0% (min max 
range: 9.5–19.5%) with RotaTeq, Figure 1). Of these 

vaccinated infants, 9.3% did not complete the two- or 
three-dose scheme. This percentage slightly decreased 
from 10.8% in 2007 to 7.9% in 2012, and is larger for 
the three-dose vaccine (RotaTeq) than for the two-dose 
vaccine (Rotarix) (17.3% vs 6.8% in 2012). The propor-
tion of infants vaccinated with RotaTeq (vs Rotarix) 
increased after its introduction up to 19.5% in 2010 
and decreased thereafter, to reach 10.6% at the end of 
2012.

Number of rotavirus tests and laboratory-
confirmed rotavirus infections
We excluded 44,284 (24.2%) reimbursed tests from 
the IMA-AIM database and 2,571 (6.0%) laboratory-
confirmed infections from the SLN because these were 
considered duplicates.

The number of laboratory-confirmed rotavirus infec-
tions in children 0–2 years of age decreased by 79.2% 
after widespread vaccination (Figure 1 and 2a, Table 
2), whereas the number of reimbursed rotavirus tests 
decreased only by 31.0% (Table 2). The proportion of 
positive tests in the SLN decreased from 24.8% (pre-
vaccination period) to 7.4% (post-vaccination period) 
for children 0–2 years and from 45.5% to 10.1% for 
infants < 1 year.

The reduction of rotavirus infections was highest in 
infants below 1 year of age with 80.1% (95% CI: 72.1–
87.7) reduction in infants 0–5 months and 85.8% (95% 
CI: 78.1–92.4) reduction in infants 6–11 months of age. 
A substantial reduction was seen in the age groups 
too old to be protected directly by vaccination (i.e. evi-
dence for herd immunity, Figure 2a). In the age group 
of 10 years and older, the reduction was 50.0% (Table 
2).

The median age of a person tested positive for rota-
virus increased from 12 months pre-vaccination to 17 
months post-vaccination. In the pre-vaccination period 
there were more positive tests in infants 6–11 months 
of age (59.7%) than in 0–5 months (40.3%), while in the 
post-vaccination period this difference almost disap-
peared (51.3% in infants 6–11 months of age and 48.6% 
in 0–5 months). After the introduction of the rotavirus 
vaccination programme, a larger proportion of posi-
tive rotavirus tests occurred in children 12 months and 
older (Table 2). The age distribution of the number of 
tests reimbursed for rotavirus did not change much fol-
lowing widespread vaccination (Table 2).

The peak month of laboratory-confirmed rotavirus 
cases shifted from February in the pre-vaccination 
period to April after vaccination (Figure 3). The maxi-
mum weekly number of cases dropped by 77.8% (95% 
CI: 74.4–80.9%), from 633 cases pre-vaccination to 141 
post-vaccination (Figure 1). The impact of vaccination 
on the duration of the rotavirus epidemics depends 
on the method used to determine this duration: with 
our approach (‘method average’), no clear change was 
observed, but with the method used by Tate et al. [22], 
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post-vaccination epidemics were found to be 10 weeks 
shorter than pre-vaccination (Figure 3). Testing behav-
iour (distribution of the number of rotavirus reimbursed 
tests over an epidemiological year) did not change after 
the introduction of the vaccines (results not shown).

Hospitalisations
Based on the discharge data (MHD), the overall num-
ber of rotavirus-related hospitalisations decreased 
by 73.3% after widespread vaccination (Table 2). 
During the pre-vaccination period, the mean incidence 
of rotavirus hospitalisations was 46.0 per 100,000 
person-years (range: 41.7–53.5), compared with 12.3 
per 100,000 person-years (range: 11.7–12.9) in the 
post-vaccine period (Table 2). The largest reduction 
occurred in infants 6–11 months of age (90%, Carenet-
NCSF), but a substantial reduction was also seen in 
persons too old to be protected directly by vaccination 
(Figure 2b). Before vaccination, one-third (29.2%) of 
children hospitalised for rotavirus were 6–11 months 
old. After vaccination, only one-fifth (18.3%) of rotavi-
rus-related hospitalisations occurred in this age group. 
Furthermore, 43.0% of all hospitalisations occurred in 
infants aged 0–11 months old in the pre-vaccination 
period, compared with 31.4% in the post-vaccination 
period.

Peak number of rotavirus-related hospitalisations 
shifted from February to April in the post-vaccination 
period (Figure 3). The width of the epidemic (based on 
the ‘method average’) did not change.

The mean incidence of all-cause acute gastroenteritis 
hospitalisations decreased by 26.9% (95% CI: 22.1–
31.4%) between the pre- and post-vaccination period 
(MHD, Table 2). In the pre-vaccination period, rotavirus 
infections occurred in 21.1% (range: 20.0–23.1%) of 
hospitalisations for acute gastroenteritis, in contrast to 
7.7% (range: 7.1–8.2%) in the post-vaccination period.

Deaths due to gastroenteritis
In the period 1987–2005, between one and seven 
deaths per year occurred in children < 5 years due to 
gastroenteritis, representing a death rate of 0.7 per 
100,000 per year (range 0.2–1.1). In the post-vaccina-
tion period (2008–2010), the annual number of deaths 
varied between zero and three deaths per year (death 
rate: 0.2/100,000).

Based on the more detailed information in the region 
of Flanders (average population of 322,356 children < 5 
years), rotavirus was responsible for two deaths during 
2000–2005, one death in the period 2006–2008 and 
no deaths during 2009–2012.

Discussion
During the 7 years following rotavirus vaccine introduc-
tion, we established that: (i) vaccine uptake remained 
high; (ii) the substantial decline in both rotavirus-
related hospitalisations and laboratory-confirmed 
rotavirus persisted; (iii) rotavirus incidence peaked 

annually in spring instead of winter; (iv) the average 
age at infection and hospitalisation increased and (v) 
the number of laboratory-confirmed and hospitalised 
rotavirus cases decreased also in unvaccinated per-
sons (evidence for herd immunity).

The estimated vaccination coverage was consistently 
high using different data sources. We found that on 
average 9.3% of Belgian infants did not complete their 
schedule, which is higher than the 2% found by a cov-
erage survey conducted in Flanders [10]. However in 
Flanders, coverage and compliance with vaccinations 
are typically higher than in the other regions [10], and 
this Flemish survey considered two doses as fully vac-
cinated whereas a complete schedule with RotaTeq 
consists of three doses. Also, we found that the pro-
portion of infants who completed the series was higher 
for the two-dose than the three-dose vaccine, similar 
to findings in the United States (US) [25-27].

In the pre-vaccination period, we estimate that rotavi-
rus infections were responsible for 21.1% of hospital 
admissions for acute gastroenteritis, which is in line 
with previous European estimates (21–58% [28-30]). 
We found a substantial decrease in laboratory-con-
firmed cases and rotavirus-related hospitalisations and 
deaths in the post-vaccination period, which confirms 
the reduction of 87% of rotavirus hospitalisations pre-
dicted by a mathematical model assuming uptake rates 
similar to those for other routine infant vaccinations 
[31]. Furthermore, this considerable reduction is in line 
with the high effectiveness of the rotavirus vaccines 
(over 85%) [32]. A systematic review of ecological stud-
ies from eight countries reported a 49–89% decline in 
laboratory-confirmed rotavirus hospital admissions in 
children less than 5 years old within 2 years of vaccine 
introduction [33]. The evidence for a direct vaccination-
related reduction is further strengthened by a lower 
proportion of rotavirus-positive tests in infants < 1 year 
following rotavirus vaccine introduction, i.e. a decrease 
from 45.5% to 10.1%.

In addition, the typical rotavirus seasonal peak appar-
ent in winter and early spring before introduction 
of the vaccine was reduced and delayed in all post-
vaccination years. Although pre-vaccination this was 
based on data from only 3 (laboratory tests) or 2 (hos-
pitalisations) epidemiological years, these results 
pointed in the same direction for both. These changes 
in seasonal patterns are unlikely to be due to year-to-
year variations, and probably reflect a decline in virus 
transmission, as predicted by mathematical modelling 
applied to England and Wales [34]. In the Netherlands, 
where a rotavirus vaccination programme is absent, 
the peak rotavirus incidence was exceptionally low 
in 2013–14 [35]. The authors offered as explanations 
the low birth rate, mild winter, high rotavirus inci-
dence in the previous year and the introduction of 
rotavirus vaccination in neighbouring countries. Also 
in Belgium we found the number of rotavirus posi-
tive tests in 2013–14 to be lower than in any of the 
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previous epidemiological years, although much less 
pronounced than in the Netherlands. During that epi-
demiological year, birth rate, vaccination coverage and 
rotavirus testing behaviour did not change compared 
with the previous epidemiological years, and no excep-
tionally high rotavirus peak preceded 2013–14 [13]. 
Besides, although 2013–14 was characterised by an 
exceptionally warm winter, this was also the case for 
2006–07 and 2007–08 [36]. Hence, the explanations 
proposed for the extremely low rotavirus incidence in 
the Netherlands in 2013–14 seem unlikely to explain 
the low incidence in Belgium in the same epidemiologi-
cal year. Clearly, more research is needed to get insight 
in the cause(s) of rotavirus annual variations, both in 
the presence and absence of vaccination. The impact 
of vaccination on the average length of the rotavirus 
epidemic is difficult to determine due to the lack of a 
standard method to measure this length. According to 
our calculation method, the length of the yearly rota-
virus epidemic was unchanged by the introduction of 
the vaccines. Yet, the method described by Tate and 
colleagues [22] suggests a 10-week decrease. Note 
that comparison between the two methods is difficult 
as only one pre-vaccination epidemiological year was 
available for the proportion of rotavirus tests being 
positive. We did not observe clear biennial increases in 
rotavirus activity in the post-vaccine era as observed 
in the US [22]. This might be due to different trans-
mission patterns resulting from the lower speed and 
level of vaccine uptake in the US vs Belgium. In the US, 
rotavirus vaccines have been recommended for routine 
use since 2006 and coverage (of mainly the three-dose 
vaccine) increased gradually from 44% in 2009 to 73% 
in 2013 for a complete schedule [37], whereas vaccina-
tion coverage in Belgium increased to 79–88% within 7 
months. The free of charge, low-threshold community 
outreach vaccination for Belgian infants (together with 
using predominantly the two-dose rotavirus vaccine) 
could lead to higher vaccination coverage and better 
completion rates. Another reason could be that the two 
vaccines differ in strain composition and may therefore 
exert different pressures on the circulating serotypes 
and overall transmission dynamics. It remains difficult, 
however, to explain differences in cycling patterns: 
modelling studies show that small changes in rotavi-
rus transmission dynamics can lead to very different 
cycling patterns [38,39].

We observed an increase in the median age of con-
firmed rotavirus cases. This was predicted by a model 
applied to England and Wales, based on vaccination 
coverage of 91% [34]. We did not observe an increase 
in hospitalisations in older children, in contrast to the 
findings in Austria, where during the fourth year post-
vaccination an increase of 48% in hospitalisation rates 
for rotavirus was observed in children 5–9 years of 
age [40]. Such increase was also predicted by models 
assuming the probability of infection to depend on the 
number of previous infections, and not on age [38,39]. 
Paulke-Korinek and colleagues mention that the inci-
dence increase in Austria could also be due to very high 

rotavirus activity in 2011 [40]. In Belgium, an increased 
rotavirus activity was noted in 2012–13 compared with 
the previous epidemiological year (Figure 2a), but it is 
not known if this is reflected in an increase in hospi-
talisations, since these data are not yet available.

In the age group older than 10 years, who were not 
yet vaccinated, we observed a 50.0% decrease in con-
firmed rotavirus cases, suggesting an indirect pro-
tection. In many countries, the reduction in rotavirus 
disease has indeed been broader than expected based 
on vaccine coverage alone [33]. The decrease in symp-
tomatic infections in the vaccinated population most 
likely leads to a reduced chance of being exposed to 
infection for those not immunised [34].

The results of this descriptive and ecological design 
may reflect factors not related to immunisation, such 
as natural fluctuations or strain variation [41]. For 
instance, increased circulation of a specific rotavirus 
strain causing relatively mild disease could result in 
lower rotavirus related disease burden. However, after 
vaccine introduction in Belgium, G2P [4] strains, which 
are associated with more severe gastroenteritis [42,43] 
were observed to increase relative to other strains [44]. 
Also, the increased proportion of G2P [4] was seen 
more in vaccinated compared with unvaccinated chil-
dren, suggesting strain-specific differences in vaccine 
effectiveness is playing a role in altering the genotype 
distribution [44]. Despite this strain shift, our study 
shows a strong decrease in various manifestations of 
the rotavirus disease burden, confirming rotavirus vac-
cination is highly effective in reducing disease.

Hospitalisation data might be inconsistent in relation 
to rotavirus coding based on irregular laboratory con-
firmation and the potential influence of rotavirus vacci-
nation on coding practices. However, all findings were 
consistent using different independent data sources 
(including two parallel hospital databases), with dif-
ferent methods of registering diagnoses. Moreover, 
the proportion of positive tests decreased, reflecting 
lower rotavirus prevalence and we found no evidence 
of important changes in testing behaviour based on 
the number and the seasonal distribution of reim-
bursed tests. However, the reductions in rotavirus bur-
den calculated using different data sources should be 
compared with caution, as the different data sources 
did not cover the same periods. Nevertheless, epi-
demiological years 2005 to 2010 were covered by all 
data sources, and the results pointed clearly in the 
same direction. We took a conservative approach in 
identifying duplicates, assuming a maximum of one 
episode per year. This implies an underestimation of 
rotavirus burden as a second infection occurred in 4% 
of Mexican infants by 6 months of age and nearly 30% 
by 1 year of age [45]. However, because the probability 
to be symptomatic decreases with increasing number 
of previous infections [45,46] and because recurrent 
infections occurred at a slower pace [46], we believe 
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with our conservative approach we have not missed 
many episodes.

Conclusion
Rotavirus vaccination had a substantial and sustained 
public health impact up to 7 epidemiological years 
after vaccine introduction, most pronounced in the tar-
get age group but with evidence of herd immunity in 
unvaccinated age groups.
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To the editor: The article by Filia et al. [1] has generated 
a significant echo in the Italian national media with 
alarming titles on the responsibilities of the Roma and 
Sinti population [2,3]. Despite this clearly not being the 
intention of the authors, the article raises a number of 
issues which in our opinion should not be ignored.

In the introduction, the authors state that “despite a 
national goal to eliminate measles by 2015, Italy is one 
of 18 European Region Member States where endemic 
transmission of measles has not been interrupted”. As 
long as the vaccine is not compulsory, it will be dif-
ficult to interrupt endemic transmission, especially if 
vaccination coverage is below standard even among 
healthcare workers.

Secondly, the Roma and Sinti are not a nomadic eth-
nic group: nomadism is practiced by less than 3% of 
the population [4], and the term itself is considered to 
be outdated both linguistically and culturally, even by 
National Inclusion Strategy [5]. Nomadism has often 
been used “to provide cultural legitimacy to the mar-
ginalisation of Roma and Sinti”. [6] The poor access of 
Roma and Sinti communities to health services is not 
caused by mobility, but by marginalisation [5,7-11]. 
As clearly stated by the authors, the Roma and Sinti 
accepted to be vaccinated when such a possibility was 
offered to them. This goes to show that the lack of cov-
erage cannot be solely attributed to the refusal by the 
Roma and Sinti communities to vaccinate [9].

Finally, the article does not specify whether the com-
munities in which the cases of measles were reported 
were Roma or Sinti, and whether they were Italian 
or foreign. This information would be quite relevant 
because it would imply different degrees of institu-
tional responsibility for the lack of coverage if these 

were communities of Italian citizens historically pre-
sent on the territory. 

Reports on outbreaks of infectious diseases involving 
minority or marginalised groups should always take 
into account socio-cultural dynamics.
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To the editor: The letter by Monasta and Knowles 
regarding our recent paper allows us to clarify some 
important points [1,2]. As they pointed out, our article 
was picked up by various, mainly local, newspapers, 
with sometimes alarming titles depicting the Roma 
population as responsible for transmitting measles to 
the majority population. This is quite unfortunate and 
was clearly not our intention. We stated in the article 
that the identified strain was first introduced in Como 
and Rimini in August 2015, i.e. some time before the 
start of the described outbreak in November, and that 
the outbreak in the Roma settlement did not spread 
extensively in the community. Cases then occurred in 
the nosocomial setting, especially among healthcare 
workers, another undervaccinated group [3].

Besides the Roma and healthcare workers, analyses of 
Italian national surveillance data has shown that pock-
ets of undervaccinated populations also exist among 
young adults born in the 1980s and 1990s when uptake 
of measles vaccine was very low and the second dose 
had not yet been introduced [4]. The Roma, therefore, 
represent only one of several undervaccinated popula-
tion groups for whom stronger vaccination efforts are 
needed. Finally, we pointed out that in order to reach 
elimination, it will be necessary to improve not only cov-
erage among hard-to-reach populations but the over-
all national vaccination coverage, which is below the 
95% target (86.7% in 2014) [5]. Monasta and Knowles 
call for compulsory vaccination. However, high cover-
age can be achieved through other strategies, such as 
strengthening routine immunisation systems, improv-
ing communication, information and advocacy, and 
providing targeted supplementary immunisation activi-
ties to age cohorts or population groups that have 
inadequate levels of immunity [6].

We agree with Monasta and Knowles that sociocultural 
aspects are extremely relevant in any analysis of poor 
access to health services and/or of low vaccination 
uptake among the Roma. However, analysing the com-
plex determinants of health and low vaccination uptake 
among this population group was beyond the scope 
of our paper and we referred to a recent report by the 
European Centre for Disease Prevention and Control, 
describing barriers causing low measles-mumps-
rubella (MMR) vaccination among hard-to-reach pop-
ulation groups in Europe, including Roma [7]. The 
barriers among the Roma are many and include reduced 
access to healthcare, poor socioeconomic status/pov-
erty, geographical isolation/poor housing and sanitary 
conditions, low levels of education/illiteracy, adminis-
trative barriers, discrimination and cultural differences 
[7]. Therefore, to achieve high MMR vaccination among 
the Roma population, the wider determinants of health 
must be addressed, including marginalisation as dis-
cussed by Monasta and Knowles.

The communities living in the camps affected by 
the measles outbreaks in Milan are of Roma ethnic-
ity and mainly of Romanian nationality. The camps 
in which they live are organised settlements, run by 
the municipality, and hosting Roma and migrants fac-
ing social and/or housing emergencies. Although the 
Roma living in these camps are registered with the 
national healthcare system (and are therefore entitled 
to and have access to free vaccination services) and 
the children attend school, they are mobile communi-
ties that frequently move from place to place, within 
national boundaries or back to their country of origin. 
Vaccinations are actively offered to children living in 
the settlements, by inviting families to the local vacci-
nation centres. This is done with the help of educators 
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who are present in the settlements daily and whose 
role is to facilitate integration of the Roma into the 
community. Unfortunately, there is a lack of data on 
vaccination uptake. During the described outbreak, 
uptake was not ideal as only 52 of 246 persons present 
in the settlements accepted to be vaccinated despite 
being invited to the vaccination centre.

In addition to routine vaccination, a specific project, 
financed by the Italian Ministry of Health and aimed at 
improving access to preventive services and promoting 
vaccinations among Roma children was carried out in 
2013–14. The project was conducted in several Italian 
cities, including Milan, and involved the use of cultural 
mediators, distribution of information in Romani, and 
training of health and social workers to improve their 
understanding of Roma issues [8]. Results are pending.

Improving vaccination uptake among the Roma is a 
challenge but examples of successful programmes 
show that it is feasible [7]. Methods to monitor MMR 
vaccination coverage within this population need to be 
implemented, to measure progress and prevent out-
breaks [7].
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