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In 2010 and 2011, the city of Lyon, located in the
Rhone-Alpes region (France), has experienced one
of the highest incidences of measles in Europe. We
describe a measles outbreak in the Lyon area, where
cases were diagnosed at Lyon University hospitals
(LUH) between 2010 and mid-2011. Data were collected
from the mandatory notification system of the regional
public health agency, and from the virology depart-
ment of the LUH. All patients and healthcare workers
who had contracted measles were included. Overall,
407 cases were diagnosed, with children of less than
one year of age accounting for the highest propor-
tion (n=129, 32%), followed by individuals between 17
and 29 years-old (n=126, 31%). Of the total cases, 72
(18%) had complications. The proportions of patients
and healthcare workers who were not immune to mea-
sles were higher among those aged up to 30 years.
Consequently, women of childbearing age constituted
a specific population at high risk to contract measles
and during this outbreak, 13 cases of measles, seven
under 30 years-old, were identified among pregnant
women. This study highlights the importance of being
vaccinated with two doses of measles vaccine, the
only measure which could prevent and allow elimina-
tion of the disease.

Introduction

Measles is a one of the most highly contagious dis-
eases. It is spread through respiratory droplets so that
people in contact with the virus, who are not vacci-
nated or not immune due to prior infection, are at high
risk of catching the disease. In France, vaccination
against measles was first introduced in the vaccina-
tion programme in 1983, with a single dose for infants
aged 12-15 months. The vaccination schedule was
subsequently modified in 1996, whereby two doses of
vaccine against measles were recommended, with the
first dose still at 12—15 months. The second dose was
first administered at 11-13 years of age in 1996, then
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at 3—-6 years of age from 1997 [1]. Since 2005, the first
dose is recommended at the age of 12 months and the
second dose at the age of 13-24 months [1]. A catch
up vaccination is recommended for individuals who did
not receive two vaccine doses. Earlier vaccination is
recommended for infants who are attending a daycare
centre, with in this case, the first dose administered at
nine months of age and second dose at 12—15 months
of age.

Measles cases were sporadic in France until 2008.
Since the beginning of the year 2008, France has expe-
rienced successive measles wave epidemics [2-4].
The third wave was the largest and took place from
October 2010 to April 2011 in the whole country, with
the highest incidence in the south-east regions of
France. Since 2008, measles are also spreading out
of control in many other parts of Europe, such as for
example Romania, Italy, Belgium or Switzerland [5-8].
Nevertheless, France appears to be the most affected,
with more than half of the European cases [9]. Measles
have been mandatorily notifiable in France since
2005. Healthcare practitioners, clinicians and biolo-
gists in laboratories have to report each suspected or
confirmed case using a standardised form. Between
January 2008 and April 2011, more than 18,000 measles
cases were reported to the French Institute for Public
Health Surveillance (Institut de Veille Sanitaire). These
included 10 deaths, among which nine cases aged less
than 30 years-old. Neurological complications affected
26 of the total measles’ cases while 808 had severe
pulmonary infections. About 4,000 patients with mea-
sles were hospitalised [2,10]. The high burden of the
disease in teenagers and young adults under the age
of 30 years [2,3] besides children (up to 16 years-old) is
a new xmain feature of this reemerging disease. Young
women are also a specifically exposed population, in
so far as they are at high risk to contract measles but
cannot be vaccinated during pregnancy.



The Rhdne-Alpes region has been the most affected
area for measles in France [2,11], with an incidence of
97.9 measles cases per 100,000 population between
October 2010 and September 2011. Lyon is the biggest
city in this region, with about 475,000 inhabitants reg-
istered in 2008. Lyon University Hospitals (LUH) are
the main hospitals in Lyon and form the second larg-
est hospital group in France. The objective of this study
was to describe this large measles outbreak through
notified cases diagnosed in LUH. The survey also pre-
sents a focus on pregnant women who when exposed
while not immune are at higher risk of complications.

Methods

Setting

A prospective surveillance of measles cases was insti-
tuted in LUH from 1 January 2010. For the present
study, data were collected between 1 January 2010 and
8 July 2011 according to the date of disease onset. LUH
form the largest group of public hospitals in the town
of Lyon. Our data concerned the four main hospitals of
the group: hopital Edouard Herriot, Centre hospitalier
Lyon Sud, Groupement hospitalier Nord and hopital
Femme-Mére-Enfant. The last one received children
and pregnant women. For the present report, we ana-
lysed two different data sources: (i) surveillance of
measles cases through all the mandatory notifications
conducted by one of the LUH and (ii) virological surveil-
lance through tested samples derived from patients
and healthcare workers (HCW).

FIGURE 1

Surveillance of measles cases notified

by the Lyon university hospitals

The surveillance of patients diagnosed with mea-
sles during the outbreak in LUH was performed using
data from mandatory notification which was avail-
able from the regional public health authorities data-
base (Agence Régionale de Santé de Rhéne-Alpes).
Clinical suspected cases were defined as having fever
>38.5°C, maculopapular rash, and at least one of the
following signs: conjunctivitis, coryza, cough, Koplik’s
sign. Laboratory-confirmed cases were clinical sus-
pected cases with biological confirmation: specific
IgM detected in saliva or serum and/or seroconversion
with at least a four-fold increase of 1gG titres and/or
positive polymerase chain reaction (PCR) for measles
virus. Epidemiologically-confirmed cases were defined
as clinical cases who had had contact with laboratory-
confirmed cases 7-18 days before onset of symptoms.

Virological surveillance of patients

and healthcare workers

Data about the viro-immunological status were
extracted from the hospital virological-based surveil-
lance database. This surveillance concerned patients
or HCW tested for measles IgM and/or IgG and/or
measles virus by PCR in LUH. The patients were tested
either because: (i) they were clinically diagnosed with
measles, or (ii) they were exposed to a measles case,
or (iii) they were potentially susceptible. The group of
HWC represented a selected group of all the employees
of LUH. These HCW were tested either because: (i) they

Measles cases diagnosed in Lyon University Hospitals, measles outbreak in Lyon, France, 1 January 2010-8 July 2011
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TABLE

Characteristics of cases diagnosed with measles in Lyon University Hospitals, France, 1 January 2010-8 July 2011 (n=407)

Characteristics

Adults »16 years-old

(n=181)

Children <16 years-old

(n=226)

Overall
(n=407)

n/N (cyo)a

n/N (O/o)a

1] / [\ (°/o)a

Male 96/181 (53) 119/226 (53) 215/407 (53)
Female 85/181 (47) 107/226 (47) 192/407 (47)
Median age in years (interquartile range) 26 (22-33) 1(0-9) 15 (1-26)
Complications 43/181 (24) 29/226 (13) 72/407 (18)
Pneumonia 28/43 (65) 23/29 (79) 51/72 (71)
Encephalitis 1/43 (2) 1/29 (3) 2/72 (3)
Other 14/43 (33) 5/29 (17) 19/72 (26)
Laboratory confirmation requested® 143/181 (79) 169/226 (75) 312 (77)
IgM-positive, saliva 9/143 (6) 11/169 (7) 20/312 (6)

IgM-positive, serum

111/143 (78)

19/169 (11)

130/312 (42)

PCR-positive

60/143 (42)

153/169 (91)

213/312 (68)

Seroconversion

26/143 (18)

7/169 (4)

33/312 (11)

Vaccination status unknown

77/181 (43)

43/226 (19)

120/407 (29)

Vaccination status known

104/181 (57)

183/226 (81)

287/407 (71)

Not vaccinated®

74/104 (71)

150/183 (82)

224/287 (78)

Vaccinated with one dose®

26/104 (25)

26/183 (14)

52/287 (18)

Vaccinated with two doses®

41104 (4)

7/183 (4)

11/287 (4)

2 Unless otherwise specified.

® More than one laboratory method could be used to confirm a single case.

¢ Among cases whose vaccination status was known.

were clinically diagnosed with measles, or (ii) they were
exposed to a measles case (patient or HCW), or (iii)
they were susceptible to be frequently exposed to mea-
sles because of their workplace (i.e. emergency room),
or (iv) they were potentially susceptible. Immunity sta-
tus against measles was assessed by enzyme-liked
immune-sorbent assay (ELISA) (Enzygnost® IgG Dade
Behring, Siemens, France). Patients and HCW were con-
sidered immune if 1gG titres were higher than 325 mlU/
ml.

Statistical analysis

The qualitative variables are reported as number and
percentage and the quantitative variables as median
and interquartile range*. Characteristics of patients
with measles were analysed for adults (>16 years-old)
and children (<16 years-old) separately. Qualitative
variables were compared by using the chi-squared test.
The significance level was p<o.os. Data from the noti-
fication sheet were recorded using EpiData. Statistical
analyses were performed with Stata software (Stata
Corp.) version 10.0.

Results

Characteristics of the patients described

from the mandatory notification

Overall, 407 measles cases were diagnosed in LUH
between 1 January 2010 and 8 July 2011 (Figure 1). Of
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these 407 cases, 149 (37%) were clinical suspected
cases, 193 (47%) were laboratory confirmed and
65 (16%) were epidemiologically confirmed. Table 1
describes the characteristics of all cases diagnosed
in LUH. Overall, the median age of cases was 15 years
(interquartile range 1-26 years). The median age for
adult cases (>16 years-old) was 26 years (interquartile
range 22-33 years) while the median age for cases who
were children (<16 years-old) was one year (interquar-
tile range 0—9 years). Among the cases, 192 (47%)
were female; 181 (44%) were adults (16 years-old)
and 226 (56%) were children (<16 years-old). The age
groups with the highest incidence involved children
under one year of age (n=129, 32%) and 17-29 year-
olds (n=126, 31%). Among the 129 children under one
year of age, 75 (58%) were male, 17 (13%) infants pre-
sented complications (14 had pneumonia), and 25 (19%)
were hospitalised.

In total, 72 (18%) presented complications: 51 (13%)
had pneumonia, two (<1%) had encephalitis and 19 (5%)
had other complications. Other complications reported
mainly involved the digestive system, like hepatitis or
diarrhea, and infection of the ear-nose-throat area. No
patient died because of measles. Vaccination status
was available for 287 cases (71%). Among them, 63
(22%) were vaccinated, 52 (18%) with a single dose of
measles vaccine and 11 (4%) with two doses.



Virology and immunology data from the hospital virol-
ogy-based surveillance

Overall, 2,763 individuals were tested by serology and/
or PCR in LUH: 1,398 (51%) patients and 1,365 (49%)
HCW. Among 819 patients tested for IgM, 233 (28%)
were IgM-positive. Among 512 tested by PCR, 317 (62%)
were PCR-positive. Of 891 patients tested for IgG, 641
(72%) were IgG positive (IgG titres»325 mIU/ml). Figure
2 depicts the repartition by age groups, of the propor-
tion of IgG positive among adults patients tested for
IgG.

Among 1,227 HCW tested for IgM, 16 (1%) were IgM-
positive, none was PCR-positive, while for 1,365 HCW
tested for I1gG, 1,304 (96%) were IgG-positive (IgG
titres»325 mlU/ml). Figure 3 describes the proportion of
IgG-positive against measles among HCW by age. The
proportion of patients aged up to 30 years who were
not considered immune (IgG titres<325 mIU/ml) was
38% Vs 16% in patients older than 30 years (p<0.001).
The proportion of HCW up to 30 years of age who were
not immune (IgG titres<325 mIU/ml) was 11% vs 3% in
HCW older than 30 years (p<0.001).

Measles cases among pregnant women

During the study period, 13 measles cases occurred
among pregnant women. These cases occurred
between January and July 2011. Among these women
aged 25-45 years, seven were younger than 30 years-
old. Among the 13 cases, one developed measles in
the first trimester of gestation, six developed measles
in the second trimester, five in the third trimester and
one developed measles in immediate post-partum. Six

FIGURE 2

(46%) of the pregnant measles cases had to be hospi-
talised. Four patients (31%) developed pneumonia as a
consequence of the infection by measles, and one had
a premature child.

Control measures

Various control measures were implemented to con-
trol the risk of hospital-acquired measles and to pro-
tect HCW. In LUH, when a case was reported to the
infection control unit, an investigation was conducted
to find details on this case’s possible contacts with
other patients or HCW. If necessary, specific preven-
tion measures were implemented and adapted to the
immune status of individuals. Patients and HCW, who
had been in contact with measles cases during their
infectious period, were informed about the risk of
infection. People who were not immunised received a
dose of measles vaccine or intravenous immune globu-
lins, depending on their immune status, age or preg-
nancy status. Information about hygiene precautions
was relayed by posters in all hospital wards, with spe-
cial attention paid to emergency units. A questionnaire
was delivered to HCW to ascertain their immune sta-
tus. A blood sample was taken if immune status was
unknown. If they had not received two vaccine doses,
information about the high risk of transmission of the
virus was delivered, and complementary vaccination
was suggested. Moreover, a monthly measles surveil-
lance report was performed by the infection control
unit. This report summarised epidemiological data
about the outbreak and was diffused via e-mail to all
the HCW and to the hospital administration.

Proportion of IgG-positive against measles by age groups, among adult patients tested in Lyon University Hospitals, France,

1 January 2010-8 July 2011 (n=691)
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FIGURE 3

Proportion of IgG-positive against measles by age groups among healthcare workers tested in Lyon University Hospitals,

France, 1 January 2010-8 July 2011 (n=1,365)
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Discussion and conclusion

It was estimated in 2009 that eight percent of people
aged between six and 29 years were not immunised
against measles in France [12]. The coverage is under
the threshold of 95% needed for measles elimination
[13]. The objective of this study was to describe the
measles outbreak which occurred in Lyon, located
in the Rhone-Alpes area, from 2010 to mid 2011. Our
analysis focused on patients diagnosed with measles
in LUH, pregnant women and HCW, and on virology
and immunology data from the hospital virology-based
surveillance. Overall, 407 cases of measles were diag-
nosed in LUH. According to 2009 estimations 92 per-
cent of individuals between six and 29 years-old were
immunised in France [12]. Moreover, in 2010-2011,
the vaccination coverage for measles at 24 months-
old (1 dose) was 88.8% in the Rhdne-Alpes region [11].
Consequently, 1gG seropositivity rates among children
and young adults under 30 years-old in the Rhone-
Alpes region but also nationwide are likely to reflect
more vaccination coverage than contact with the virus.
Although the tested population was a biased sample
of the Lyon population, seroprevalence of IgG against
measles was low, especially in patients and HCW under
30 years. Vaccination against measles is recommended
but not mandatory for HCW in France. Their risk to con-
tract measles appears to be much higher than the gen-
eral population and they can potentially transmit the
disease to their patients, especially the immunocom-
promised ones [14]. It appears urgent to reach a higher
vaccination coverage with two doses in the French pop-
ulation. Eliminating measles is one of the World Health
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Organization’s goal, which is expected for 2015 [15].
According to the results of our study, overall 78% of the
measles cases were not vaccinated. A report based on
French mandatory notifications between January 2008
and April 2011 [2] found similar rates concerning lack of
vaccination: 86% of the cases did not receive the mea-
sles, mumps, and rubella (MMR) vaccine against mea-
sles, with differential compliance and immunisation
coverage in the various districts of France. It pointed
out that communications towards the general popula-
tion about the need to be vaccinated in order to be pro-
tected, have to be strengthened.

Attention must be paid to newborns under one year of
age because they are too young to be vaccinated and
may no longer be protected by maternal antibodies.
At the age of six months, 90% of the infants are not
protected, irrespective of the mother’s immunisation
status [16]. Measles acquired during pregnancy can
have deleterious effect on the mother and child out-
come [17]. The most serious and frequent complication
reported for pregnant women is pneumonia [17-20]. The
hospitalisation and case fatality rates among preg-
nant women may be higher than among non-pregnant
adults [20]. Concordant with these data, four cases
of pneumonia among 13 pregnant cases were found
in our study. Six of the pregnant women were hospi-
talised. An increased risk of foetal and neonatal loss
is also reported [17-20]. In one case observed in this
study, a premature birth occurred, however it could
have been attributable to other causes. Some authors
also reported an increased risk of subacute sclerosing



panencephalitis following neonate [21] or congenital
[22] measles infection. Women in childbearing age
should be informed of the risk of contracting measles
and its possible complications. Vaccination that can
only assure protection should be proposed as soon as
possible in pre- or post-partum. Measles among preg-
nant women should be no longer considered uncom-
mon in the regions that report outbreaks and should
be systematically considered in the context of preg-
nant women presenting to a health practitioner with
pneumonia.

In comparison with other European countries,
France has been the most affected with 13,957 cases
reported between January and August 2011 [9]. Italy,
who reported 4,300 measles cases during the same
period was the second most affected European coun-
try [6]. Four measles cases among pregnant women
were reported [6] and 36% of cases were hospitalised.
Overall 14% presented complications [6], which was in
concordance with the complication rate of 18% in the
Lyon area. Romania also experienced a large measles
outbreak in 2011, with 2,072 reported cases [8]. The
complication rate in Romania was much higher than
in the Lyon area (respectively, 39% and 18%). Finally,
the Geneva canton in Switzerland, which neighbours
the Rhdne-Alpes region, only reported 41 measles
cases between January and May 2011, so it was far
less affected than Rhone-Alpes area [5]. There, serious
control measures, with quarantining and a vaccination
campaign were systematically implemented. The larger
number of cases that we experimented during the out-
break in Lyon area did not prevent carrying out a vacci-
nation campaign, however, quarantining each measles
case was more difficult to implement.

The main limitation of our study was a possible under-
estimation of the true measles incidence, as, in France,
about 50% of measles cases were not reported on man-
datory notification [10]. However this should not bias
time-trends. Moreover, we were unable to calculate its
incidence per 1,000 inhabitants because the exact ori-
gin of individuals was not known.

In conclusion, catch-up vaccination campaigns should
focus on individuals aged under 30 years-old who
have not received two doses of measles vaccine and
on HCW. The outbreak is likely to re-occur, especially
in the regions of France with low vaccine coverage.
Clusters of susceptible individuals accrued over the
years [10,11]. Indeed, the French Institute for Public
Health Surveillance (InVS) reported that among chil-
dren of 24 months old in 2008, only 90% had received
one dose of the measles vaccine while according to
the French vaccination programme, they should have
already got two doses [23]. A fourth epidemic wave
has to be expected in France and Europe. Hospital-
based surveillance of measles is relevant to estimate
the spread of the disease in the community and to help
with early detection of healthcare-acquired cases.

* Authors’ correction:

At the request of the authors, the sentence ‘Quantitative
variables were described as number and percentage, and
qualitative variables as median and interquartile range.” was
changed to ‘The qualitative variables are reported as num-
ber and percentage and the quantitative variables as me-
dian and interquartile range.’. This change was made on 10

September 2012.
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