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 . 2002-3הגדולה ביותר בשנים  –ל רעו מספר התפרצויות חצבת בישראיבעשור האחרון א

 אוכלוסייההיו התפרצויות ממוקדות בקרב אוכלוסיות עם כיסוי חיסון נמוך5  2011-12בשנים 

 אנתרופוסופית וחסרי מעמד ממדינות באפריקה. 

 

 מצ"ב לעיונכם וידיעתכם תרשימים וטבלאות מעודכנים וכן שני מאמרים שפורסמו בנושא זה.

 

אדמת על פי ההנחיות בחוזר -חזרת-שוב להקפיד על חיסון עובדי בריאות נגד חצבתלאור נתונים אלה, ח

על פי הנחיות אלה, מי שנולד בשנת  בנושא "חיסון עובדי בריאות".  11.11.2011מיום  23/11  מנכ"ל מס'

מנה אחת. לעובד  1422אדמת ומי שנולד לפני -חזרת-ואילך צריך לקבל שתי מנות חיסון נגד חצבת 1422

 וי חיסוני במחלקות להשתלת מח עצם, לא יאושר לטפל בחולים במצב של דיכ MMRהמסרב לקבל 

-המט ואונקולוגיה ואונקולוגיה. גם תלמידים במקצועות הבריאות צריכים להיות מחוסנים נגד חצבת

 .31.2.11מיום  2/11אדמת על פי חוזר ראש שרותי בריאות הציבור מס' -חזרת

 הואילו להעביר מידע זה לכל הנוגעים בדבר באזור לשכתכם ובמוסדכם.
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Summary Background: Despite success in controlling measles through a national immuniza-
tion program, Israel recently experienced its largest measles outbreak since 1994.
Methods: Using data reported by health district offices to the Ministry of Health, an epidemi-
ological analysis of the 2007e08 measles outbreak was performed.
Results: 1467 measles cases were reported in Israel, primarily among ultra-orthodox Jewish
communities in the Jerusalem Health District and to a lesser extent in other areas. The highest
age-specific incidence rate (122.5 per 100,000) occurred among infants. 38.6% of all measles
patients were under the age of five, and 53.4% were under the age of ten. 186 patients
(12.7%) were hospitalized; there were no fatalities. Only 4.6% of measles patients had been
fully vaccinated for their age.
Conclusion: To minimize the risk of future outbreaks in Israel, successful marketing of the MMR
vaccine to under-vaccinated sub-groups is essential.
ª 2009 The British Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction

Countries that provide routine measles vaccination pro-
grams have had considerable success in containing this
highly contagious disease. Measles cases in Europe during
2007 were over 90 percent lower than the annual total
from ten years earlier1 and in the United States measles
was declared no longer endemic in 2000.2 Nevertheless
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outbreaks have been occurring in highly vaccinated socie-
ties in recent years with increasing incidence.3 Of the
8145 cases reported in the WHO European Region during
2008, over half came from EU countries,4 and the public
health agency for England and Wales declared measles
to be endemic in the UK for the first time in 14 years.5

The United States recorded 131 measles cases during the
first seven months of 2008, over twice the average annual
number of cases during the 2000e07 period and the high-
est since 1996.6,7

Measles was thought to have been effectively con-
tained in Israel since the new, two-dose MMR program was
fully implemented during the 1994e95 school year e from
1996 through 2006 mean annual incidence was less than 1/
100,000. But from August 2007 through August 2008 the
country experienced its most extensive measles outbreak
since 1994.8,9 Incidence was highest among non-immu-
nized children from ultra-orthodox Jewish communities
in the Jerusalem Health District, and to a lesser extent
in the Tel Aviv Health District. But the virus also spread
to other areas of the country and to persons outside ul-
tra-orthodox Jewish communities, including healthcare
professionals.

This article reviews the epidemiology of the 2007e08
measles outbreak in Israel and the disease control measures
that were taken; the problem of low vaccine uptake in
ultra-orthodox Jewish communities; and the implications
for highly vaccinated societies where sub-groups remain
susceptible to the measles virus due to low vaccination
coverage.

Background

Before the introduction of a universal childhood vaccina-
tion against measles in 1967, large outbreaks occurred in
Israel in epidemic cycles of approximately two- to four-year
intervals (from 1950 to 1966 the mean annual reported
incidence rate was 470/100,000). After 1967 incidence
dropped significantly and from 1970 to 1990 the mean
annual rate fell to below one tenth of pre-vaccination era
levels10 and continued to drop for years afterwards (Fig. 1).
In 1989 the measles-mumps-rubella (MMR) vaccine replaced
the single-antigen measles vaccine that had been given to
infants. In 1990 a two-dose measles vaccination schedule
began, with the first dose given at 15 months (using the
MMR vaccine) and the second dose given to six-year-olds
in the first grade (using the single-antigen measles vac-
cine). From 1991 to 1995 a catch-up campaign for the sec-
ond dose was conducted for 11- through 13-year-olds
(pupils in the sixth through eighth grades). During 1994
the MMR vaccine began to be used for the second dose as
well, and since then the two-dose MMR schedule has been
provided as part of routine immunization at the ages of
12 months and six years. Only live attenuated measles vac-
cine has been used in Israel. The measles component of the
MMR vaccine that is currently administered is based on the
Schwarz strain.10 Although immunization is not required by
Israeli law national vaccination coverage has been high: in
2005, 94 percent of two-year-olds had received the first
dose and 96 percent of six-year-olds had received their sec-
ond dose.11,12

From the start of the two-dose MMR vaccination program
until 2007, annual measles incidence exceeded 100 cases
only twice e during the 2003 and 2004 outbreaks e and in
both these instances measles cases were confined mainly to
ultra-orthodox Jewish communities in the Jerusalem Health
District (where 84 percent and 98 percent of the cases
occurred, respectively). In 2003 the index case was an
unvaccinated, two-year-old child who was visiting from
Switzerland, and in 2004 the index cases were three
unvaccinated girls, aged four to five, who attended the
same kindergarten.13 The virus genotypes were D8 in 2003
and D4 in 2004. One death was recorded in each outbreak.
A subsequent campaign to boost first-dose vaccination
coverage in the Jerusalem Health District succeeded in
increasing the coverage rate there to 96 percent of
two-year-olds in 2005, as compared with 92 percent of
two-year-olds in 2002.

Methods

The Public Health Services of the Israeli Ministry of Health
operates 15 district and subdistrict health offices through-
out the country. From birth to age five years routine
immunizations, including the first MMR dose, are available
to all Israeli children at Mother and Child clinics. Most of
Israel’s 1000 Mother and Child clinics are operated directly
by the district offices, and some are operated under their
supervision by one of the country’s four HMOs or by certain
large municipalities. Routine immunizations including the
second MMR dose are provided by the Student Health
Services.

Vaccination coverage estimates for the first MMR dose
are based on a representative sample of children born in
each health district and registered in the Mother and Child
Health Services. Vaccination coverage data for the second
dose are submitted to the Ministry of Health by the Student
Health Services.

Measles case notification has been legally mandated in
Israel since the establishment of the State in 1948. Cases are
reported to theHealth Ministry’s district offices, and thedata
are centralized by the ministry’s Epidemiology and Infectious
Diseases department. Eachnotification includes age, gender,
nationality, address, date of disease onset, laboratory
methods of measles diagnosis, and the patient’s prior
vaccination history. As is common in passive surveillance
systems, the extent of underdiagnosis and underreporting is
unknown. There have been no recent changes in reporting
methods or special campaigns to improve notification, and
official incidence records are considered to be indicative of
actual incidence trends. Case reporting during outbreaks is
thought to be more complete than at other times.9

Case definition is based on appropriate clinical descrip-
tion with laboratory confirmation, and clinical diagnosis
with epidemiological linkage to a laboratory-confirmed
case is also acceptable. Serological tests are carried out
in the laboratories of the HMOs. Validation tests (IgM and
IgG tests using a different ELISA system from the one used
by the HMOs) and measles virus identification by RT-PCR are
performed in the National Center for Mumps, Measles and
Rubella, located at the Central Virology Laboratory of the
ministry’s Public Health Services.
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The 2007e08 measles outbreak

Epidemiology

The latest measles outbreak in Israel began in August 2007,
when three tourists were diagnosed with measles only after
coming into contact with many hundreds of Israelis. The
first three cases diagnosed in Jerusalem involved an infant,
a 15-year-old, and a 22-year-old, all of whom came from
ultra-orthodox Jewish communities in London. Aside from
this common geographic origin, no other epidemiological
connections were found.13

The outbreak lasted just over one year. Twenty-eight
measles cases were reported during August 2007, and by
October monthly incidence had risen to 156. The incidence
level peaked in November at 188 cases, then declined to
just over 120 cases in both December and January. In-
cidence rose again during mid- to late winter and in March
2008 it reached 338 cases, the highest monthly level of the
outbreak. By May incidence had declined to 80 cases and in
June to just 14 (Fig. 2). The curve suggests a bimodal pat-
tern, with the outbreak first appearing in the Jerusalem
health district and then spreading to other districts.

The 2007e08 outbreak was far more extensive than
recent outbreaks had been both in morbidity rate and in
geographical dispersion. The 2003 and 2004 outbreaks had
totaled 122 cases and 115 cases respectively, and the
outbreaks had been limited essentially to the Jerusalem
Health District. In 2007e08, however, 1467 cases were
recorded, with numerous cases being reported throughout
the country. The highest incidence rate per 100,000
occurred in the Jerusalem Health District (110.9), but
incidence rates were 20.4 in the Tel Aviv Health District,
23.3 in the nearby Ramle subdistrict, and 27.2 in the
Keneret subdistrict in the north.

The percentage of cases with laboratory confirmation in
2007e08 was relatively low (12.5 percent), which is typical
for a large outbreak. The virus that caused the 2007e08
outbreak was detected by RT-PCR analysis in the National
Center for Mumps, Measles and Rubella, and (for all
laboratory-confirmed cases) was identified as genotype D4
e the same measles genotype that had been most prevalent
in London during the spring of 2007.14

One hundred eighty-six patients (12.7 percent) were
hospitalized during the 2007e08 outbreak. Patients
requiring hospitalization suffered from fever, vomiting,
or dehydration; some patients were hospitalized with
pneumonia or pneumonia-like symptoms and a few with
exacerbation of underlying disease, such as COPD,
asthma, or cardiological problems. One hospitalized
patient suffered from severe keratoconjunctivitis. There
was one report of a premature birth among the ten
pregnant women with measles. No other problems due to
measles among pregnant women were reported, and
there were no fatalities. Seventeen healthcare workers
contracted the disease, including physicians, nurses,
pharmacists, an x-ray technician, secretaries, and a hos-
pital social worker.

The highest incidence rate by age group occurred among
infants. Incidence rates per 100,000 were 122.5 for infants,
66.6 for one- to four-year-olds, and 31.6 for five- to nine-
year-olds, with the rates continuing to decline with each
successive age group. (In both 2003 and 2004 the highest
incidence rate had been among one- to four-year olds.) In
the 2007e08 outbreak, 38.6 percent of all measles patients
were under the age of five, and 53.4 percent were under
the age of ten.

The age-appropriate vaccination status of measles
patients reflected the same pattern found in previous out-
breaks, which was that the vaccination coverage rate among
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them was extremely low. Only 4.6 percent of patients in the
2007e08 outbreak were fully vaccinated for their age; 5.9
percent had been vaccinated with one instead of two doses;
and 89.5 percent had never been vaccinated at all or could
not say if they had ever been vaccinated.

Control measures

During August 2007, the first month of the outbreak, the
Health Ministry instructed all professional staff to continue
implementing standing orders regarding measles preven-
tion: to maintain vaccination coverage at high levels; to
ensure the timeliness of vaccination, particularly for
12-month-old infants and first-grade pupils; to target those
with incomplete immunization histories, particularly chil-
dren and healthcare workers; to alert district office staff to
the possibility of new measles cases and to confirm and
report all emerging cases; and to ensure that Israeli tourists
who seek immunization before travel are inoculated with
MMR vaccine according to Health Ministry instructions.
Extensive risk communication efforts were made to
increase public awareness and to encourage vaccination.
In September 2007, as the outbreak spread, healthcare
workers were reminded not to await laboratory confirma-
tion before reporting new clinical cases.

Post-exposure prophylaxis was as follows. Susceptible
contacts aged 12 months and over received the MMR
vaccine within 72 h of exposure, and immunoglobulin

after 72 h and within six days of exposure. Susceptible
contacts under 12 months of age or with contraindications
received immunoglobulin within six days of exposure.
Then in November 2007, in order to ration dwindling im-
munoglobulin supplies reserved for groups for whom ac-
tive immunization is contraindicated, a temporary
protocol was issued for post-exposure prophylaxis. Immu-
noglobulin would be given to those with contraindications
for the MMR vaccine, including infants under six months of
age and pregnant women, within six days of exposure. It
would be given as well to infants between six and 11
months of age who had been exposed to the virus be-
tween 72 h and six days previously. For those without con-
traindications the MMR vaccine would be given to infants
between six and 11 months of age and all those one year
and older who had been exposed to the virus within the
past 72 h. All other contacts, whose exposure had oc-
curred more than 72 h previously, would not receive
post-exposure prophylaxis. Also at this time, instructions
were issued to give post-exposure prophylaxis to all sus-
ceptible passengers on public transport (including on in-
ternational and domestic air flights and on inter-city
buses) in any instance in which another passenger had
been diagnosed as having measles.

In April 2008, following the incidence peak in March,
revised guidelines were again issued. All susceptible con-
tacts aged six months or older (except for those with
contraindications) would receive one dose of MMR vaccine
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regardless of the time that had elapsed since exposure.
Furthermore, all those (not just contacts) from communi-
ties with high rates of measles incidence and low vaccina-
tion coverage, who had been born after 1957 and had not
yet been vaccinated with two doses of MMR vaccine, would
be eligible to receive the number of MMR doses required to
bring them to the targeted two-dose vaccination level.

These temporary measures remained in effect for the
duration of the outbreak. Since post-exposure prophylaxis
with MMR was given in many different settings by a large
variety of health providers during the outbreak, the effect
of post-exposure active immunization could not be
determined.

Discussion

Measles is the most contagious vaccine-preventable dis-
ease.15 In a totally susceptible community the typical
transmission potential of one infected individual has been
estimated from 12 to 18, and can be much greater in situ-
ations where large groups of people gather together e as is
the case, for instance, with university students and military
recruits.16,17 In a highly vaccinated country like Israel, the
effective transmission potential of measles among the gen-
eral population is on average very low, and is less than the
threshold transmission level that would permit the virus to
spread. Within under-vaccinated sub-groups, however, the
virus’s effective transmission potential is considerably
higher and periodic outbreaks will occur, the extent of
which will vary with the fraction of susceptible individuals
who are above the epidemic threshold.18

While official MMR uptake data are not available for
Israel’s ultra-orthodox Jewish communities, relatively low
coverage is suggested by neighborhood vaccine distribution
statistics.

From long personal experience and interaction with the
ultra-orthodox community in Israel we hypothesize that
a chief cause of under-vaccination in ultra-orthodox Jewish
communities is a lack of interest among many of its
members in modern methods of infectious disease pre-
vention, stemming from a lack of appreciation in some
communities of the potential seriousness of the so-called
‘‘childhood diseases.’’ A closely related issue is a disincli-
nation on the part of the more insular ultra-orthodox groups
to interact with government health officials. These two
mutually reinforcing attitudes e apathy toward preventive
healthcare measures in general and hostility toward ser-
vices provided by the public health system e result in
a failure to vaccinate against measles, creating local
pockets of susceptibility to measles infection and weaken-
ing the herd immunity required to protect the community.
Personal visits by district health office physicians and senior
health ministry personal to rabbinic figures were of limited
effectiveness during the 2007e08 outbreak, because de-
cades of indifference and mistrust could not be overcome
by hurried rabbinic pronouncements, and because not all
affected communities professed allegiance to the few
religious leaders visited.

Beyond the problem of low vaccination coverage, other
characteristics of the ultra-orthodox Jewish population
make this sub-group particularly vulnerable to such a highly

communicable disease as measles. One third of ultra-
orthodox families in Israel consist of five or more children
(in the non-ultra-orthodox Jewish population only three
percent of families included as many children), and the
share of ultra-orthodox children up to age four is nearly
three times higher than in the rest of Jewish-Israeli soci-
ety.19,20 The community’s large family units, with many
children eating and sleeping in close quarters on a daily ba-
sis, can significantly increase the transmission potential of
each infected family member. Another factor is the volun-
tary physical separation of the ultra-orthodox from the rest
of Israeli society, both in residential housing and in the
school system, making them far less protected by the
herd immunity prevalent among Israel’s highly vaccinated
general population.

If the risk of future outbreaks is to be minimized, Israeli
public health officials need to work toward achieving herd
immunity in ultra-orthodox communities, and among other
groups and individuals whose vaccine uptake is below
optimal levels. The consequences of the 2007e08 outbreak
caused sufficient concern that vaccination coverage among
the ultra-orthodox improved somewhat in the wake of the
outbreak, but spontaneous further improvement is unlikely.
The Health Ministry is exploring innovative approaches to
improve vaccine uptake in ultra-orthodox communities,
particularly among those who neglect rather than oppose
vaccination, as well as among other groups that do actively
oppose immunization for various reasons. One likely strat-
egy is to enlist the help of commercial public relations firms
with expertise in conducting marketing campaigns among
the ultra-orthodox population.

Recent epidemiological experience points to interna-
tional travel as an area of significant risk for the spread of
the measles virus to unimmunized groups. For Israelis en
route to destinations where measles is known to be
endemic, current Health Ministry policy is to recommend
that travelers seek immunization before leaving the coun-
try. Future policy will extend this recommendation to
Israelis traveling to all destinations. Reciprocal efforts by
other countries in encouraging immunization for interna-
tional travelers could help to prevent the spread of the
virus across international borders. And in Israel, where 17
healthcare workers became infected with measles during
the 2007e08 outbreak, another essential measure should
be to ensure that all patient-care staff are immune to
measles.

In Europe too, sectarian communities with low MMR
uptake due to religious, philosophical, or cultural reasons
have raised a significant public health concern. One
example, with many parallels to the recent Israeli experi-
ence, was an outbreak in ultra-orthodox Jewish communi-
ties in Antwerp, Belgium from August 2007 through May
2008. Community members were described as both very
insulated from the general population, and also as traveling
frequently to visit a network of international contacts. Of
137 identified measles cases in Antwerp, 94 percent were
found among ultra-orthodox Jews. In a city where 94
percent of two-year-olds had received the first dose of
the measles vaccine, the vaccination rate among measles
patients was estimated to have been only 22 percent. The
genotype of the virus that was isolated was D4, the same
one found in the contemporaneous London and Israeli
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outbreaks. The index cases in Antwerp were children who
became ill upon returning from a summer camp in the
United Kingdom. Interestingly, in interviews with families
of the Antwerp measles patients, religious beliefs were not
prominent among the reasons given for neglecting to seek
vaccination. The most common explanations included large
family size and lack of information. It was discovered,
however, that two Antwerp physicians, many of whose
patients were ultra-orthodox, had advised parents against
vaccinating their children.21

In addition to its ultra-orthodox Jewish communities,
where measles outbreaks have occurred in recent years,
Europe is home to numerous other communities in which
doctors do not encourage childhood immunization, illness is
often seen as part of a child’s natural growth process, and
MMR vaccination coverage rates are far below those of the
general population.22,23 Prominent among these are anthro-
posophic communities where low vaccination rates (most
notably in residential schools) have made their populations
susceptible to the measles virus. Also, travel between
anthroposophic centers by infected individuals has been
a significant factor in the spread of measles across Euro-
pean borders. Anthroposophic communities that have re-
cently been the sites of measles outbreaks are located in
Austria, Germany, the Netherlands, Norway, Switzerland,
and the United Kingdom.24e26

The behavior of sub-groups such as those described
above, is contributing to the outbreaks now occurring in
countries whose public health systems had historically been
most successful in combating measles. During the 2004e07
period for instance, six Western European countries and
Israel accounted for 60 percent of the measles cases
reported in the WHO European Region.27

In the United States avoidance of vaccination for re-
ligious and philosophical reasons has also been an issue,
though apparently less so with regard to homogenous
communities. The Centers for Disease Control and Pre-
vention, reviewing the high incidence of US measles cases
from January to August 2008, reported that of the 91
percent of native measles patients who were unvaccinated
or of unknown vaccination status, 66 percent were un-
vaccinated for religious or philosophical reasons. The same
CDC study indicated that 89 percent of all US cases had
been either imported or linked epidemiologically or viro-
logically to an imported virus.6 The CDC also noted in 2008
that ‘‘Within the United States the current national MMR
vaccine coverage rate is adequate to prevent the sustained
spread of measles. However, importations of measles likely
will continue to cause outbreaks in communities that have
sizable clusters of unvaccinated persons’’.6

In 2005 the WHO Regional Office for Europe chose the
year 2010 as the target date for the elimination of measles
from the region.28 In the spring of 2008, in connection with
this goal, the office deemed it a key WHO strategy to reach
a two-dose vaccination coverage rate of 95 percent or
greater.3,26 In September 2008, amid continued reports of
a measles resurgence in the region, the European Regional
Committee asserted that the 2010 elimination target was
still achievable.29 Yet in light of recent findings that inade-
quate vaccination coverage persists in Europe, doubts have
been raised that measles can be eliminated in the region
anytime soon.30

In conclusion, recent measles outbreaks in Israel and
elsewhere in the WHO European Region suggest that even if
vaccination coverage were to meet or exceed WHO targets,
under-vaccinated sub-groups will remain susceptible to
infection. Successful marketing of the MMR vaccine to
these groups will be a lynchpin in the effort to eliminate
measles.
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A measles outbreak is affecting the Tel Aviv dis-
trict, Israel, since April 2012. As of 10 September, 99 
cases were confirmed, including 63 (64%) migrants of 
Eritrean and Sudanese origin. All genotyped cases had 
the African B3 genotype*. The mean age of migrant and 
non-migrant cases was 6.0±9.6 and 30.2±24.2 years, 
respectively (p<0.001). The majority of both migrant 
and non-migrant cases was unvaccinated. This is the 
second African measles B3 genotype outbreak within 
the World Health Organization European region in 
2012.

During the spring and summer of 2012, a large outbreak 
of measles affecting 99 cases as of 10 September 2012, 
emerged in the Tel Aviv district area. We describe the 
methods and findings of the epidemiological investiga-
tion that was conducted by the Tel Aviv District Health 
Office.

Background
Measles is a highly contagious vaccine-preventable 
viral disease, easily-transmissible by airborne route. 
The required herd immunity level for transmission 
interruption is 95% for two doses of a measles-contain-
ing vaccine [1]. 

Measles re-emerged in Israel in the past decade with 
several large recurrent outbreaks of genotypes D4 and 
D8 mainly in infants living within communities that had 
very low vaccination rates for age (<5%) such as some 
ultra-orthodox Jewish communities in Jerusalem [2-5]. 
In one of these outbreaks, the index cases were British 
visitors who had contracted the illness in the United 
Kingdom (UK) [3,5]. Measles is a mandatorily notifi-
able disease in Israel by law since 1948. Cases are 
notified to the district health offices from community 
and hospital healthcare authorities and are nation-
ally channelled to the Division of Epidemiology of the 
Ministry of Health. The two-dose vaccination schedule, 
introduced in 1994, foresees one dose of measles-
mumps-rubella (MMR) vaccine at 12 months of age and 
a second dose at the first grade (around 6 years of age) 

[2]. The vaccine coverage for the first MMR dose in Tel 
Aviv district was 96% in 2009.

Case definition
The national case definition is based on laboratory 
confirmation (i.e. positive serologic test for immu-
noglobulin M antibody or polymerase chain reaction 
(PCR)) or on characteristic measles clinical symptoms 
(i.e. fever, rash, coryza) with an epidemiological link to 
a laboratory-confirmed case [2]. The case definition is 
similar to the current, 2010, United States (US) Centers 
for Disease Control and Prevention case definition for 
a confirmed case [6].

Outbreak description
For the outbreak investigation, data were extracted 
from the District Health Office files. Migrant status 
was defined as not having an Israeli identification 
card number. The migrant population includes asylum-
seekers, refugees, and labour-workers; excluding tour-
ists. Frequencies and percentages were calculated for 
categorical variables and mean with standard devia-
tion for age. Student’s t test was applied to measure 
the significance of mean age difference between non-
migrant and migrant cases. The chi-squared test for 
sex variable and Fisher’s exact test for vaccine cover-
age variable were used for measuring the significance 
of the variables’ distribution between non-migrant and 
migrant patients. All p value calculations were 2-tailed 
and were considered statistically significant if their 
value was ≤0.05. The statistical analyses were per-
formed with IBM SPSS version 19.0 (Chicago, Illinois, 
USA).

A total of 101 confirmed cases were notified in the Tel 
Aviv district between 1 January and 10 September 2012 
(Figure 1), with the latest notified confirmed case hav-
ing had onset of illness on 28 August 2012. Of these, 
73 (72%) were migrants. Up to 12 April 2012, only two 
confirmed measles cases had been identified, but the 
numbers subsequently increased reaching 99 con-
firmed cases as of 10 September 2012. The peak of the 
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measles transmission period was observed in week 
23, between 4 and 10 June 2012, with a total of 18 con-
firmed cases (15 in migrants, three in non-migrants).

Of the 101 cases, 49 (49%) were migrants of Eritrean 
origin and 15 (15%) were migrants of Sudanese origin. 
Of the 73 total migrant cases, 55 (75%) were males 
vs. 10 of 28 (36%) of the non-migrant cases (p<0.001) 
(Table). 

Mean age of migrant and non-migrant cases was 
6.0±9.6 and 30.2±24.2 years, respectively (p<0.001). 
The majority 57 (78%) of the migrant cases were below 
three years of age, whereas 10 of 28 (36%) of the non-
migrant cases were in this age group (Figure 2).

Among cases between one and six years of age, two of 
a total of seven migrants and two of a total of 21 non-
migrants had respectively received one dose of mea-
sles-containing vaccine (p=0.25). None of the eligible 
cases, migrants and non-migrants alike, had two vac-
cine doses as appropriate for age six years and above. 

Viral genotyping
The molecular characterisation of the current out-
break’s measles virus was based on a fragment of 450 
nucleotides (nt) of the conserved region of the nucleo-
protein (N) gene and was in concordance with World 

Health Organization (WHO) standardised protocols [7]. 
The genotype revealed in all genotyped samples of lab-
oratory-confirmed cases was the B3 genotype, which 
is predominant in Africa*.

Outbreak control measures
A number of epidemiological measures were taken in 
order to control the outbreak. Contact tracing was con-
ducted and post-exposure prophylaxis up to 72 hours 
from exposure, was given in the form of MMR vaccine, 
for all susceptible (i.e. not-vaccinated for age) contacts 
aged six months and above, of any case, particularly 
for those in kindergartens, hospitals, and community 
healthcare centres. Early MMR vaccine administration 
was also offered free of charge, from nine months of 
age, in addition to the routine first MMR (MMR1) dose 
at 12 months of age, for all migrant infants (i.e. asylum 
seekers) visiting the Maternal and Child Health Centres 
in residential areas with viral transmission activity. An 
active outreach for routine MMR1 vaccination of migrant 
infants and kindergarten children took place in the 
Maternal and Child Health Centres located in residen-
tial areas with viral transmission activity. As a result, 
approximately 1,000 contacts older than six months 
of age and susceptible migrant infants older than nine 
months of age were vaccinated with one MMR vaccine 
dose. Moreover, all district Maternal and Child Health 
Centres were actively advised to in particular routinely 

Figure 1
Confirmed measles casesa by week of onset of illness and migrant status, January–September 2012, Tel Aviv district, Israel 
(n=101)
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vaccinate all infants with MMR1 vaccine at 12 months 
of age, without significant delay. Finally, active guid-
ance was provided to all district hospitals and selected 
community healthcare centres to validate MMR vaccine 
status and further vaccinate (if indicated) susceptible 
healthcare employees. 

Discussion
We report an ongoing outbreak of measles in the Tel 
Aviv district area, mainly affecting unvaccinated chil-
dren below three years of age of migrants of Eritrean 
and Sudanese origin. 

In 2011, the number of measles cases was reported to 
be rising in both the WHO European region [8] and the 
US [9] where an increase in measles importations from 
endemic countries was observed. 

In contrast to the D4 and D8 genotypes detected in 
outbreaks of the past decade in Israel [2-5], the B3 
genotype of this outbreak is endemic in Sub-Saharan 
Africa and its variants are increasingly being identi-
fied across Europe since 2005 [10]. In Israel, there was 
only one known case of importation to date of the B3 
genotype by a returning traveller from Angola in 2011 

Table
Characteristics of confirmed measles cases, by migrant status, Tel Aviv district, Israel, January–September 2012 (n=101)a

Characteristic Migrant (N=73) Non-migrant (N=28) p value
Age, mean years ± standard deviation 6.0±9.6 30.2±24.2 <0.001
Males n (%) 55 (75) 10 (36) <0.001
Place of family origin

Eritrea n (%) 49 (67) 0 (0) NA
Sudan n (%) 15 (20) 0 (0) NA
Israel n (%) 0 (0) 28 (100) NA

Proportion of vaccinated with one dose of  
measles-containing vaccine among measles cases aged 1–6 years 2/21 2/7 0.25

NA: not applicable.

a Confirmed measles cases include laboratory-confirmed cases and clinical cases epidemiologically linked to laboratory-confirmed cases.  
The majority (n=99) of the 101 confirmed cases occurred between April and August 2012. 

Figure 2
Confirmed measles cases by age group and migrant status, January–September 2012, Tel Aviv district, Israel (n=101)a
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(unpublished data). Within the WHO European region, 
a large measles outbreak with similar epidemiological 
characteristics to the one reported here (e.g. affecting 
mainly young age groups and extremely low vaccine 
coverage), as well as with a predominant B3 genotype, 
occurred in the United Kingdom (UK) in 2012 [11]. A 
large number of measles cases of the B3 genotype was 
also reported in Spain in 2011 [7,8].

The recent higher number of measles cases and out-
breaks with B3 measles genotype in countries of the 
WHO European region and the one described here are 
possibly fuelled by migration of population with low 
vaccine coverage from measles-endemic regions, such 
as Africa. In this region, the average coverage with the 
first dose of measles vaccine has improved between 
2000 and 2010 from 56% to 76% but is still one of 
the lowest in the world [12]. Alternatively to a direct 
importation from Africa, the current measles virus out-
break’s genotype could as well have been imported 
from Europe [7,8,11]. In a previous measles outbreak 
in 2007–08 in Israel, the first three cases were visi-
tors from London, UK, where they had had contact with 
measles patients [3,5].

Measures to control measles’ outbreaks are generally 
expensive so preventing both domestic and imported 
measles provides a more cost-efficient solution [13]. 
For example, the direct cost for the public health 
response to a single case of imported measles in the 
US was recently estimated at approximately 25,000 
US dollars [14]. The cost to control a small outbreak 
of eight patients in an asylum-seekers’ shelter in 
Germany in 2010 was estimated to be of 90,000 Euro 
[15]. The obvious health benefits to the population of 
avoiding illness should encourage the formulation of 
specifically-tailored mass vaccination plans of migrant 
populations for vaccine-preventable diseases such as 
measles.

Conclusions
The outbreak reported here is the second African mea-
sles B3 genotype outbreak within the WHO European 
region in 2012. Mass vaccination plans, primarily 
reaching out to migrants, should be implemented in 
order to achieve higher vaccination coverage and a pro-
gress toward control of measles in the region.

* Authors’ correction:
At the request of the authors, the sentence ‘As of 10 
September, 99 cases with B3 genotype were confirmed, 
including 63 (64%) migrants of Eritrean and Sudanese ori-
gin.’ was changed to ‘As of 10 September, 99 cases were 
confirmed, including 63 (64%) migrants of Eritrean and 
Sudanese origin. All genotyped cases had the African B3 
genotype.’ and the sentence ‘The genotype revealed in all 
confirmed cases was the B3 genotype, which is predominant 
in Africa.’ was changed to ‘The genotype revealed in all gen-
otyped samples of laboratory-confirmed cases was the B3 
genotype, which is predominant in Africa.’. These changes 
were made on 17 September 2012.
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SUMMARY

We investigated a measles outbreak in the Jerusalem district in 2007–2008 (992 cases). Most cases

(72.6%) were aged <15 years, 42.9% aged <5 years, and 12.8% were infants aged <1 year. The

peak incidence rate was in infants aged 6–12 months (916.2/100 000). This represents a significant

shift from former outbreaks in 2003–2004, where the peak incidence was in the 1–4 years age

group. Of children aged <5 years the proportion aged 6–12 months tripled (7.7% vs. 25.6%).

In a case-control study (74 cases, 148 controls) children who developed measles were less likely to

be registered in a well-baby clinic and had lower overall immunization coverage. The differences

in proportions for registration, DTaP3 and MMR1 coverage were 35.1%, 48.6% and 80.8%,

respectively (all P<0.001). Rising birth order of cases and their siblings was associated with

non-registration and non-compliance with MMR immunization. The vulnerability of young

infants and the risk markers noted above should be taken into account in planning intervention

programmes.

Key words: Children’s vaccines, measles (rubeola), outbreaks, vaccination (immunization).

INTRODUCTION

The last decade has seen a significant reduction in

measles morbidity and mortality, in line with the

World Health Organization’s (WHO) goal of measles

elimination. However, measles still accounts for a

significant disease burden in children worldwide [1–3],

and recently, measles outbreaks have been reported in

many developed countries [4–9].

During 2006–2007 more than 12000 measles cases,

mostly in children, were reported in Europe, indi-

cating further need for improvement [10, 11]. In

2001–2008, 557 cases and 38 outbreaks were reported

in the USA, with the peak incidence rates in infants

and toddlers [6]. Commonly, individuals who con-

tract measles (often related to international travel)

transmit it to susceptible children residing in com-

munities in which under-immunization prevails

[12, 13].

In Israel, the two-dose measles-mumps-rubella

(MMR) vaccine schedule, together with high overall

national immunization coverage, has resulted in a

considerable decline in measles incidence [14–16].

However, in 2003 and 2004 two measles outbreaks

emerged in Jerusalem, each of about 100 cases, mostly

in young unimmunized children in ultra-orthodox

communities [17]. A further, larger measles outbreak

emerged in 2007 in Jerusalem among ultra-orthodox

communities, following importation of the disease.

Between August 2007 and June 2008, 992 measles

* Author for correspondence : Dr C. Stein-Zamir, Jerusalem
District Health Office, 86 Jaffa Road, Jerusalem 94341, Israel.
(Email : chen.zamir@lbjr.health.gov.il)
This paper was presented in part at the 27th Annual Meeting of the
European Society for Paediatric Infectious Diseases (ESPID), June
2009, Brussels, Belgium.

Epidemiol. Infect. (2012), 140, 1578–1588. f Cambridge University Press 2011

doi:10.1017/S095026881100238X



cases were reported in the Jerusalem district, ac-

counting for two-thirds of the national incidence

[18–20].

The preponderance of measles cases in very young

children led us to focus on the<5 years age group.We

studied the age-specific incidence trends of measles,

comparing the previous outbreaks (2003–2004) to

the current one (2007–2008) and performed a case-

control study in a search for risk markers in young

children who contracted measles during the outbreak.

METHODS

Measles outbreak investigation

Measles is a notifiable disease in Israel by law; phys-

icians and laboratories must notify the local District

Health Office of all measles cases.

Case definition

Cases were defined on the basis of clinical presen-

tation, laboratory findings and epidemiological

characteristics [21].

A clinical case was defined as having generalized

rash for o3 days, temperature o38.3 xC and cough,

coryza or conjunctivitis. A confirmed case was a

clinical case with either laboratory confirmation

(positive measles IgM antibody) or an epidemiologi-

cal link to another case (two epidemiologically linked

cases were considered confirmed.) A clinical case

without laboratory confirmation or an epidemiologi-

cal link to another case was classified as probable. A

case of a febrile illness with exanthem was defined as

suspected.

Laboratory investigation

Laboratory confirmation was defined as a positive

measles IgM antibody test. Serological tests are per-

formed at the laboratories of the health maintenance

organizations. Virus was isolated from urine; RT–

PCR was used for virus detection in urine and throat

swabs and genotyping were performed at the Ministry

of Health’s central national virology laboratory in

accordance with WHO standardized protocols [17].

Laboratory tests were performed mainly at the

beginning of the outbreak to ascertain the diagnosis

of measles. Since the populations involved are socially

and geographically distinct and definable, the epi-

demiological links between cases were very readily

discernible, so that laboratory confirmation of the

diagnosis of measles was not required in most cases.

In the setting of a community-wide outbreak other

causes of viral exanthems (e.g. rubella) were not

routinely sought.

Epidemiological investigation

The epidemiological investigations were based on

data collected from interviews (based on a case in-

vestigation questionnaire) with measles cases, their

parents and the treating physician. Data were also

collected from hospital files and from the health

records within the well-baby clinic computerized

database. The variables collected included the demo-

graphic characteristics, clinical and laboratory fea-

tures, date of disease onset, hospitalization, cases in

the household, cases’ immunization status (for

measles containing vaccine and other routine child-

hood vaccinations) and registration in a well-baby

clinic. Well-baby clinics in Israel are designated as

providers of preventive health services, hence, routine

childhood immunizations are provided exclusively at

the local public well-baby clinics in the district. All

children are entitled to these services free of charge.

Population

The Jerusalem district’s population numbered 879 700

in 2007 [22]. Children aged <1 year, 5 years and

<15 years comprised 2.7%, 12.8% and 35.1%, re-

spectively, of the district’s population [23]. The

measles cases in the Jerusalem district were stratified

into age groups and specific incidence rates were

calculated for the 2003–2004 outbreaks and the

2007–2008 outbreak.

Outbreak control

Outbreak control policy included administration of

the MMR vaccine to those aged between 6 and

12 months within 3 days of their exposure to a case,

and to susceptibles aged o1 year, at any time

following exposure. Children aged <6 months were

given immunoglobulin (Ig) within 6 days of exposure

to a case. Ig was also given to children aged

6–11 months within 4–6 days of exposure to a case.

In addition, individuals with contraindications to

MMR vaccine (immunocompromised vaccinees and

pregnant women) received Ig.

Since most of the cases were children with mild

disease, with very few becoming ill following post-

exposure immunization, our data did not allow an

assessment of the effect of post-exposure vaccination

on the clinical course of the disease.
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The case-control study

The study was performed in a town where the first

measles cases were reported. The town (Beth

Shemesh, BS), near Jerusalem, has a population of

77 000 (2008 census). A case was defined as a child

aged <5 years who contracted measles between

August 2007 and June 2008. Two controls per case

were selected from the Jerusalem district newborn

registry. (All births nationally are notified by law to

the Ministry of the Interior, this information is then

recorded in the newborn registry of the Ministry of

Health.) Controls were matched by child’s age (born

within 14 days of the birth date of the case) and home

address (children living in the same street at the time

of the outbreak). This matching approach was chosen

since each of the town’s neighbourhoods tends to be

homogeneous in terms of religious observance and

socioeconomic status.

Every child in the study (cases and controls) was

individually checked against both the newborn regis-

try and the well-baby clinic computerized databases.

Each of the controls was checked against the notifi-

cations on cases to ensure that they were, indeed, not

infected with measles throughout the study period.

Furthermore, during the period of the outbreak all

children in the control group who attended the well-

baby clinic for any routine visit were questioned

specifically by the clinic nurses as to whether they had

displayed clinical features of measles. In fact, none of

the control children had shown clinical signs of the

disease.

The variables, obtained from the Jerusalem district

newborn registry, included age, gender, birth weight,

child’s birth order in the family (firstborn, second,

third, etc.), maternal age and whether Israeli-born,

and number of siblings.

The information obtained from the well-baby

clinics’ computerized database included registration

in a well-baby clinic, age at registration, whether

examined by a paediatrician, age at examination,

growth evaluation (including last recorded percentile)

and detailed immunization history.

The immunization schedule (in 2007) for the first

year included three doses of hepatitis B virus (HBV)

vaccine at ages 0, 1, and 6 months ; four doses of

diphtheria-tetanus-acellular pertussis-polio-Haemo-

philus influenzae B vaccine (DTaP-IPV-Hib) at ages 2,

4, 6 and 12 months and MMR at 12 months (second

dose at age 6 years). We evaluated the coverage for

the third dose of HBV, the third and fourth doses of

DTaP-IPV-Hib and the first dose of MMR. Data on

the immunization with the first dose of MMR vaccine

of siblings of cases and controls were also collected

from the well-baby clinics’ databases.

The study was conducted in accordance with the

relevant Ministry of Health regulations.

Statistical analysis

Data analysis was performed with SPSS1 and

WINPEPI1 software [24, 25]. Continuous variables

were compared by Student’s t test ; categorical vari-

ables were compared by x2 test. Proportions were

compared by odds ratio (OR), rates by rate ratio

(RR); with 95% confidence intervals (CIs). A mul-

tiple logistic regression model was utilized for com-

parison of cases and controls. Cumulative curves were

plotted for cases and controls proportions of regis-

tration in a well-baby clinic and selected immuniz-

ation coverage. A P value f0.05 was considered

significant for all comparisons.

RESULTS

The first three measles cases, originating from

London, were diagnosed in August 2007. An outbreak

in the Jerusalem district ensued, lasting several

months and subsiding in June 2008 following an

immunization campaign. Altogether, 992 cases were

reported in the district (65% of the cases nationally),

whereas the district’s population is 12.2% of the

country’s population. The outbreak control measures

included mass post-exposure vaccination of sus-

ceptibles. FromAugust 2007 to June 2008 some 19500

doses of MMR vaccine over and above the number

given in a comparable ‘non-outbreak period’ (August

2006 to June 2007, about 28 000 vaccine doses) were

administered in the Jerusalem district – an increase of

about 70% in MMR vaccine administration.

Most patients were children from ultra-orthodox

communities in the Jerusalem district ; 720 (72.6%)

were aged <15 years, 426 (42.9%) were aged

<5 years and 127 (12.8%) were infants aged<1 year.

Children aged <5 years had a higher age-specific

incidence compared to persons aged o5 years

(374.2/100 000 vs. 72.9/100 000). The peak incidence

rate shifted from children aged 1–4 years in the

2003–2004 outbreaks to infants aged <1 year in

the 2007–2008 outbreak (Fig. 1). The incidence rate

increased tenfold in infants (533.8 vs. 50.1/100 000,

RR 10.7, 95% CI 5.8–19.7, P=0.0001), and fourfold

1580 C. Stein-Zamir and others



in those aged >1 year. The highest incidence was

observed in infants aged 6–12 months (916.2/100 000),

which was significantly higher than in children

above or below that age group; in the 0–6 months age

group the incidence was 151.3/100 000 and in the

1–4 years age group it was 332/100 000. Infants

aged 9–12 months were most prominently affected

(1704.8/100 000).

Children aged <5 years comprised 41.1% of the

cases in 2003–2004 similar to 42.9% in 2007–2008.

The distribution in the age subgroups (0–6 months,

6–12 months, 1–4 years) changed, being 4.3%, 7.7%

and 88% in 2003–2004 vs. 4.2%, 25.6% and 70.2%,

in 2007–2008, respectively. The proportion aged

6–12 months increased from 7.7% to 25.6% (OR 4.2,

95% CI 1.9–11, P=0.0001).

The case characteristics in the 2007–2008 and

2003–2004 outbreaks are presented in Table 1.

The proportion of males was higher in 2007–2008.

The proportion of hospitalizations was higher in

2003–2004 2007–2008

Age (years)Age (years)

200
600

550

500

450

400

350

300

250

200

150

100

50

0

180

160

140

120

100

80

60 50·1

97·4

332

533·8

167·5

129·2

85·4 75·5

26·6

<1 1–4 5–9 10–14 15–19 20–29 �30 <1 1–4 5–9 10–14 15–19 20–29 �30

89·2

25·7 21·2

5·3 1·9

In
ci

de
nc

e 
ra

te
/1

00
00

0

In
ci

de
nc

e 
ra

te
/1

00
00

0

40

20

0

Fig. 1. Age group-specific incidence rates of measles per 100 000 population, Jerusalem district 2003–2004 and 2007–2008.

Table 1. General characteristics of measles cases in the Jerusalem measles

outbreaks in 2003–2004, 2007–2008

2003–2004

outbreaks
(n=224)

2007–2008

outbreak
(n=992)

Age (years, mean¡S.D.) 7.8¡7 11.1¡11.6
Age range 1.5 months to

43.3 years

2.5 months to

59.7 years
Median age (years) 5.5 6.7
Male gender (%) 103 (46%) 563 (57%)

Hospitalization (%) 14 (6.3%) 165 (16.6%)
Mortality 1 case —

Vaccination status (no. doses of
measles-containing vaccine)

0 doses 202 (90.2%) 841 (84.8%)
1 dose 19 (8.5%) 92 (9.3%)
2 doses — 10 (1%)
Unknown 3 (1.3%) 49 (4.9%)

No. of cases per household

1 case 48 (21.4%) 464 (46.8%)
o2 cases 176 (78.6%) 528 (53.2%)
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2007–2008 and varied with age, being 17.6% in chil-

dren aged<5 years, 5.1% in children aged 5–14 years

and 27.6% in persons aged >15 years. No difference

was found regarding median age, laboratory con-

firmation (14.3% in 2003–4, 15.8% 2007–8) and

vaccination status.

In the 2003–2004 outbreaks a single measles case

occurred in 21.4% of affected households, compared

to 46.8% of households in 2007–2008. Of the 127 in-

fants aged <1 year, 90 (70.9%) were the only case

in the household; only 20 (22.2%) were firstborn

children. Households with infants aged <1 year

were more likely to have a single case compared to

households without infants (OR 3.7 95% CI 2.6–5.3,

P=0.0001).

The case-control study

The first measles case in BS was a 3½-year-old tod-

dler, reported on 8 August 2007, after exposure to an

imported case. He attended an ultra-orthodox junior

school; within 2 weeks all nine unimmunized class-

mates and the unimmunized teacher contracted

measles. None of the other 26 previously immunized

classmates contracted measles.

The measles cases aged <5 years reported in BS

(n=74), were compared to 148 age- and neighbour-

hood-matched controls (Table 2). Notably, 32.4%

were aged <1 year and 27% were infants aged

6–12 months. No differences were found with re-

gard to the number of children in the household,

maternal age and country of birth, child’s birth weight

(3359¡476 g vs. 3341¡434 g, cases and controls) and

child’s last recorded weight (9.3% and 13.1% below

the 10th weight percentile in cases and controls,

respectively).

We employed a multiple logistic regression model

for comparison between cases and controls. The

variables included in the model were: child’s age

group, gender, number of children in the household,

child’s birth order, maternal age, well-baby clinic

registration and MMR1 vaccination. Of these vari-

ables, three were found to be significant and were

included in the final model (Table 2) : MMR1 vacci-

nation (higher odds in unvaccinated), registration in a

well-baby clinic (increased odds in non-registered)

and gender (higher odds in males). These three vari-

ables accounted for 62% of the variability between

the cases and the controls.

Compliance with routine well-baby clinic

healthcare (Fig. 2)

Cases were less likely to be registered in a well-baby

clinic (63.5% vs. 98.6% in controls, P=0.0001,

Fig. 2a). If the child was registered, it was at an older

age (6.32¡10.4 months vs. 2.6¡3.6 in controls,

P=0.0001). Cases were less likely to have been

examined by a paediatrician (40.5% vs. 77%,

P=0.0001).

Data on immunization coverage of selected vac-

cines (the third dose of DTaP and the first dose of

MMR) are presented in Figure 2(b, c). The differences

between cases and controls for well-baby clinic regis-

tration, DTaP3 and MMR1 coverage were 35.1%,

Table 2. General characteristics of measles cases and controls

Cases
(n=74)

Controls
(n=148)

Adjusted OR
(95% CI)

Age, months (mean¡S.D.) 24.2¡15.8 24.2¡15.7

Age <6 months 4 (5.4%) 8 (5.4%)
Age 6 to <12 months 20 (27%) 40 (27%)
Age 12 to <24 months 18 (24.3%) 36 (24.3%)

Age 24 to <36 months 10 (13.5%) 20 (13.5%)
Age 36 to <48 months 16 (21.6%) 32 (21.6%)
Age 48 to <60 months 6 (8.1%) 12 (8.1%)
Male gender 46 (62.2%) 76 (51.4%) 2.5 (1.1–5.6)

Firstborn child 11 (14.9%) 22 (14.9%)
No. children/household 4.5¡2.4 4.7¡2.2 1.5 (0.9–2.4)
Child’s birth order (mean¡S.D.) 3.8¡2.3 4.0¡2.3 0.9 (0.5–1.4)

Maternal age 28.8¡5.4 28.5¡5.8 0.97 (0.88–1.07)
Well-baby clinic registration 47 (63.5%) 146 (98.6%) 15.5 (3.3–72.1)
MMR1 vaccination 2 (2.7%) 104 (70.3%) 56.9 (13.1–247.3)

OR, Odds ratio ; CI, confidence interval.
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48.6% and 80.8% respectively (all P<0.001). The

immunization coverage in cases was lower than for

controls for all vaccines. For the third doses of HBV

and DTaP-IPV-Hib it was 37.8% and 33.8%, re-

spectively, compared to 81.1% and 82.4% in con-

trols. At age o12 months a mere 10.8% of cases had

received the fourth dose of DTaP-IPV-Hib and only

two (3.1%) children had received the first dose of

MMR, compared to 59.2% and 83.8%, respectively,

of controls. The average age at immunization was

older for cases than for controls. Documented refusal

to receive MMR vaccine was recorded in the well-

baby clinic medical files of seven cases and in none

of the controls. Since all routine immunizations are

given in the well-baby clinics, all immunization-

related data are obtained from those databases only.

Effect of birth order and clinic registration (Fig. 3)

For measles cases the child’s rising birth order was

inversely associated with registration in a well-baby

clinic (x2=7.17, P=0.007). The proportion of measles

cases that were registered in a well-baby clinic de-

clined from 81.8% for a firstborn child to 43.5% for

those who were fifth-born and above, compared to

100% and 96.2%, respectively, in controls.

Siblings of cases and controls (Fig. 4)

The total number of siblings was 740, of whom 238

were siblings of measles cases and 502 were siblings of

controls. Only 47.9% (114/238) of cases’ siblings had

received the first dose of MMR vs. 94.4% (474/502)

of controls’ siblings (OR 18.4, 95% CI 11.4–29.9,

P=0.0001).

For siblings of cases, the higher the child’s birth

order, the less likely was he/she to have received

MMR (x2=5.23, P=0.02). The proportion im-

munized with MMR declined from 58.7% in firstborn

siblings to 40% in siblings who were fifth-born and

above, compared to 97.6% and 88.1%, respectively,

in siblings of controls.
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DISCUSSION

Measles is a highly contagious disease, and prevention

of infection and transmission necessitates sustainable

herd immunity. The global progress towards measles

elimination in the last decade has been significant and

interruption of transmission has been documented

in many countries [26]. However, as long as unim-

munized specific population subgroups still remain,

repeated penetration and spread of measles outbreaks

are anticipated, especially affecting young unvacci-

nated children.

The 2007–2008 measles outbreak followed disease

importation and was the largest in Israel in the past

decade [20]. It emerged in the Jerusalem district

among ultra-orthodox communities and remained

largely confined to that population, possibly attesting

to adequate herd immunity in the general population.

We reported two smaller measles outbreaks in 2003

and 2004 with 94% of nationally reported cases being
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in the Jerusalem area among the ultra-orthodox com-

munities [17, 27]. The ultra-orthodox communities

tend to have large families, often in overcrowded living

conditions under mediocre socioeconomic circum-

stances.

Increased incidence in infants

The most prominent feature of the 2007–2008 out-

break was the sharp increase in measles incidence

in infants, especially those aged 6–12 months. While

in the 2003 and 2004 outbreaks few infants

were involved, in the 2007–2008 outbreak 12.1%

of the patients were aged 6–12 months. The peak in-

cidence was observed in infants aged 6–12 months

(916.2/100 000) and specifically in those aged

9–12 months (1704.8/100 000, y1.7%). That age

group is below the current recommended age for the

first dose of MMR vaccine (12 months), and hence

protection against measles depends on the immunity

derived from maternal passively transferred anti-

bodies and on the external herd immunity in the

community.

The USCenters for Disease Control and Prevention

[6] reported a total of 557 confirmed cases and 38 out-

breaks of measles during the post-elimination years

2001–2008. Ninety cases (16%) were infants aged

<1 year. Of children in the 1–4 years age group,

45 (51%) were aged 12–15 months. The highest

age-specific incidence was observed in infants aged

6–11 months.

Protection by maternal antibodies and timing of

initial immunization dose

Maternal antibodies against measles are passively

transferred to infants. The rising incidence rates of

measles we found in infants aged 6–12 months may

indicate waning of maternally derived protection.

Decay of maternally derived measles antibodies in an

Israeli population was reported by Dagan et al. [28].

They concluded that infants aged >6 months may

be inadequately protected, even in a well-immunized

population. A prospective study from Belgium [29] in

2006–2008 demonstrated early waning of maternal

antibodies, so that at age 6 months more than 99%

of infants of immunized women and 95% of infants

of naturally immune women had lost maternal anti-

bodies, resulting in early susceptibility to measles. A

study from France [30] showed that maternal measles-

neutralizing antibodies decrease markedly, so that

90% of infants are unprotected against measles after

age 6 months.

Infant protection against measles can be optimized

both by increasing herd immunity through widening

vaccine coverage and by lowering the age of routine

immunization. Evidence of low maternally derived

measles antibody levels in Europe led to calls for

re-evaluation of immunization policies [31] and

consideration of scheduling an earlier age for the

first dose of MMR vaccine. Recently, Metcalf et al.

[32] studied the effect of epidemiological changes,

demography and immunization coverage on the

favourable age for the first dose of measles vaccine.

High birth rates and low immunization coverage both

favour early immunization at age 9–11 months. The

presence of maternal antibodies, which can interfere

with the infant’s response to the vaccine, should also

be taken into account when determining the timing of

the first dose of measles immunization [33].

Risk markers

In the case-control study we evaluated possible early

signs that may presage non-immunization against

measles at age 12 months. The proportion of measles

cases registered in a well-baby clinic was 63.5% vs.

98.6% for controls. The coverage for the third dose of

HBV and DTaP/IPV/Hib in cases was 37.8% and

33.8%, respectively, compared to 81.1% and 82.4%

in controls. A mere 10.8% of cases had received the

fourth dose of DTaP/IPV/Hib and only two (3.1%)

children had received the first dose of MMR, com-

pared to 59.2% and 83.8%, respectively, in controls.

Moreover, the average child’s age at immunization

was older for cases than for controls. Both cases and

controls resided in ultra-orthodox neighbourhoods

that were homogenous in terms of socioeconomic and

religious features, with large households. However,

utilization of preventive health services for children

differed. While some two thirds of the cases were

registered in a clinic, only one third complied with

immunizations scheduled at 6 months, and at 1 year

the compliance dropped to almost zero. The pro-

portion of clinic registration in cases and measles

vaccine coverage in their siblings, declined with rising

birth order. The decreasing compliance with the

child’s age and the birth order may attest to a ‘burn-

out phenomenon’, implying that some parents with

large families may find it burdensome to follow the

recommended scheduled well-baby visits. The im-

munization database in the well-baby clinic ‘flags ’

children who default on immunizations. In those

cases the nursing staff will attempt to contact the

family by phone, or pay a home visit, to determine the
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reason behind the non-immunization and endeavour

to encourage attendance at the clinic for catch-up

immunization. With the recent introduction of the

internet-based National Immunization Registry in

Israel [34] the identification and recall of these chil-

dren will become even more effective.

A study in Baltimore, USA [35] in the 1990s showed

a decrease in preventive health visits from 80% in

infants aged 3 months to <40% at 7 months. Im-

munization coverage was 71% for DTP1, 39% for

DTP3, and 53% for MMR vaccine. A study per-

formed in Philadelphia, USA [36] in search of risk

factors for late initiation of immunizations found

rising birth order (two and above) to be one of the

risk factors. In a study from Germany [37] measles

immunization coverage was low in children having

three or more siblings. A study from Korea [38]

showed that risk indicators for under-immunization

included parental factors, such as unawareness of

immunization and immunization schedules, and the

birth order of the child in the family – younger sib-

lings being at greater risk.

In an orthodox Jewish community in northeast

London [39] it was shown that the uptake of preven-

tive health programmes was usually low in that com-

munity and information on vaccine dangers tended to

spread via community rumours, rather than through

the media. Other factors affecting immunization

coverage include parental concerns about MMR

vaccine specifically [40]. Safety concerns, personal

experience, and religious beliefs all play a role in

attitudes towards immunization [41]. In our study

we showed that those non-compliant with MMR

immunization were also non-compliant with other

immunizations, and the problem was not concern

regarding MMR vaccine specifically.

Our study has several limitations. As in all similar

situations of outbreaks of communicable diseases,

there is presumably a certain degree of under-

reporting, legal requirements notwithstanding. This

may have skewed our findings to some degree, al-

though with the widespread media campaign that was

instituted – both within the general and the medical

communities, the number of unreported cases was

probably quite low. Second, the data we accessed did

not enable us to determine the mothers’ immunization

status – whether they had been immunized against

measles, had suffered from the disease or had been

exposed to it. The mother’s immune status is a very

important factor in affording the infant immunity in

the first months of life. Another important area that

requires further elucidation is the reason or reasons

behind the non-registration of infants in the well-baby

clinics. Although the measles cases and controls were

very similar populations – age-matched, living in

the same street (and hence of similar sociological,

educational and religious backgrounds), with similar-

sized families, mothers of similar ages, etc. – one

group coped with the recommended schedule of well-

baby clinic visits, whereas the other did so only par-

tially, if at all. Furthermore, the child’s birth order

had a significant impact on compliance in measles

cases and their siblings, but not in the very closely

matched control group. Further studies, perhaps

using qualitative investigational methods, may pro-

vide us with a better understanding of these significant

differences.

In summary, a markedly high increase in measles

incidence was observed in infants aged 6–12 months

(mainly in those aged 9–12 months), who are below

the recommended age for MMR1 immunization. This

finding requires further evaluation with regard to op-

timal timing of the first measles vaccine dose. Who are

the children at risk for measles? The risk markers

for measles included non-registration in a well-baby

clinic, default on previous immunizations (due before

MMR1) and rising birth order. In high-risk groups,

such as Jewish ultra-orthodox communities, non-

immunization with MMR will almost inevitably lead

to measles upon exposure. Encouraging appropriate

utilization of well-baby services and prevention of

dropouts can have a significant effect on immuniz-

ation coverage and community health.
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