
Risk factors for susceptibility to varicella in newly arrived adult
migrants in Canada

C. GREENAWAY1,2,3*, J. F. BOIVIN2,3, S. CNOSSEN2, C. ROSSI3, B. TAPIERO4,
K. SCHWARTZMAN5, S. OLSON6

AND M. MILLER1

1Division of Infectious Diseases, Jewish General Hospital, McGill University, Montreal, Canada
2Lady Davis Research Institute, Jewish General Hospital, Montreal, Canada
3Department of Epidemiology and Biostatistics, McGill University, Montreal, Canada
4Pediatric Infectious Diseases Division, Department of Pediatrics, CHU Sainte-Justine, University of Montreal,
Montreal, Canada
5Respiratory Epidemiology and Clinical Research Unit, Montreal Chest Institute, McGill University, Montreal,
Canada
6Department of Geography, McGill University, Montreal Canada

Received 25 April 2013; Final revision 12 September 2013; Accepted 7 October 2013;
first published online 1 November 2013

SUMMARY

Varicella occurs at an older age in tropical compared to cold climates. Migrants from tropical
countries provide the opportunity to gain insights into observed global differences in varicella
epidemiology. Severity of varicella increases with age thus, description of risk factors for varicella
susceptibility will identify those who would benefit most from vaccination. A total of 1480
migrants, with a mean age of 32 years, were recruited in the pre-vaccination period (2002–2004)
in Montreal, Canada. A questionnaire was administered and serum varicella antibodies were
measured. Overall 6% were susceptible and ranged from 0·8% to 14·1% in subgroups. Risk
factors for susceptibility were younger age, recent arrival, and originating from a tropical
country. This could be modified by conditions that increased the probability of person-to-person
spread of varicella through direct contact in source countries such as larger community size
or household crowding. Many new young adult migrants would benefit from targeted varicella
vaccination programmes.
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INTRODUCTION

Varicella seroprevalence studies conducted in coun-
tries with tropical or equatorial climates (warm and
humid year round) have found that a significant pro-
portion (∼20%) of adolescent and young adults are
susceptible to varicella compared to <5% of similar

age living in cold climates [1]. Populations from
Asia, the Caribbean, and Central America are most
likely to be susceptible. This is due to the fact that
varicella occurs at an older mean age in tropical coun-
tries compared to cold countries (10–15 years vs.
∼5 years) [1]. The majority of migrants arriving in
cold climates were born in countries that are warm
and humid year round. They are therefore more likely
to be susceptible compared to host populations due to
the difference in varicella epidemiology between these
climates and the lack of routine varicella vaccina-
tion programmes in the source countries. This is
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important, as the severity of varicella increases with
age – including risk of complications, hospitalization
and death [2, 3].

Varicella is a highly contagious airborne disease,
which in the pre-vaccination period was the most com-
mon vaccine-preventable disease in Canada resulting
in ∼350000 cases/year (95% of the birth cohort) and
with a hospitalization rate of 3–6/100000 population
per year. It affected primarily young children, caused
considerable morbidity, and cost CAN$122.4 million
annually in Canada from a societal perspective (direct
and indirect costs) [4]. Pre-vaccination varicella
epidemiology is similar in the USA and other
European countries with cold climates [1]. Universal
routine childhood varicella vaccination programmes
were therefore, introduced in the USA (1995) and
Canada (∼2005) and have resulted in a marked de-
crease in the numbers of varicella-associated medical
consultations, hospitalizations and deaths [5–7].
Migrant populations are not routinely given varicella
vaccination after arrival in most host countries in
North America and Europe and as a result probably
carry an increased burden due to varicella. This is
supported by the fact that there have been several
reported outbreaks of severe varicella involving
young adult migrants [8–13]. Furthermore, the risk
of varicella-associated hospitalizations and mortality
is higher in certain foreign-born groups compared to
host populations [14–16]. We conducted a seroprev-
alence study in newly arrived adult migrants in
Montreal, Quebec, Canada to identify the proportion
susceptible to varicella and the predictors of suscepti-
bility. Characterizing and identifying groups at high-
est risk is essential for developing the most effective
targeted varicella vaccination programmes.

METHODS

Patient sample

Adult migrants (aged 518 years) who had lived
in Canada for 45 years were recruited between
October 2002 and December 2004. The provincially
funded universal childhood varicella vaccination pro-
gramme began in January 2006, after recruitment was
completed. Patients were identified and recruited con-
secutively in a convenience sample from two hospitals
and three primary-care clinics in the Côte-des-Neiges
and Notre-Dame-de-Grâce boroughs of Montreal,
Quebec. Individuals who reported having varicella
after arriving in Canada were excluded.

Setting

Montreal, Quebec is the second largest metropolitan
area in Canada, with a population of 3·58 million
persons (in 2006); 20·6% of whom were foreign born
[17]. There were 164246 persons living in the
Côte-des-Neiges and Notre-Dame-de-Grâce boroughs
of Montreal in 2006; 47% of whom were migrants,
representing all regions of the world and 32% of
whom had immigrated in the previous 5 years [18].
Study participants were recruited from four clinics
(infectious diseases, tuberculosis, family medicine,
obstetrics & gynecology) and the postpartum ward
at the Jewish General Hospital (a 637-bed, tertiary-
care hospital), the tuberculosis and prenatal clinics
at Sainte Justine Hospital (a 450-bed paediatric and
obstetric hospital), and three primary-care clinics:
the Côte-des-Neiges community health centre;
Clinique Diamant; and La Clinique Médicale VMS
(Vaccination Medicine Spécialisée). All recruitment
sites were located within 10 city blocks of each other.

Questionnaire

A questionnaire was administered by a study nurse
and information gathered included: age, sex, country
and community of origin, immigration class, self-
reported socioeconomic status, number of individuals
living in the house while growing up, number of rooms
in this house, years of formal education, and current
and previous occupations of the study participant
and his/her parents. An interpreter was used if the
participant did not speak either English or French.

Definitions

The variables of community of origin, community
population, community climate, number of people liv-
ing in the household, income, and occupation all refer
to the environment and household of the participant
in their country of origin. The countries of origin of
participants were classified into six regions of origin
(Latin America & the Caribbean, Sub-Saharan
Africa, North Africa & the Middle East, South
Asia, East Asia & the Pacific, Eastern Europe &
Central Asia) using the World Bank classification
[19]. Community of origin referred to the rural area,
village, or city of origin of the participant. The climate
of the community of origin of each participant was
categorized according to the Köppen-Geiger classi-
fication [20, 21]. The data, as well as the categoriza-
tions and the world map of climate regions, were
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downloaded from http://koeppen-geiger.vu-wien.ac.
at/present.htm. To specify the climate of a com-
munity, it was first geocoded using Arc GIS-9 soft-
ware (ESRI data and Maps 9·3, 2008; USA), and
the locations, expressed as latitude and longitude,
were grouped by climate categories as shown in
Table 2: tropical (rainforest, monsoon, or savannah),
temperate, arid, and cold (cold, polar) [20, 21]. The
population for each community of origin was
obtained from the mid-year estimates of populations
in the 1998 UN Demographic Yearbook and classified
as higher (>250000 population) or lower (425000
population) [22]. The income level was self-reported
as low, middle, or high in comparison to other persons
in the same community of origin. Large households in
the community of origin were defined as having >7

people living in a household and smaller households
as having 47 people. This cut-off was chosen because
the mean number of people living in a household in
our study population was 6·7±3·2 people. The term
migrant used throughout the paper refers to foreign-
born persons who are permanent or non-permanent
residents of Canada [17]. Refugee status was dichoto-
mized as refugees (included refugee or refugee claim-
ant) vs. all others (Table 1).

Serological testing

Blood samples were obtained from all participants for
serological testing. Varicella immunoglobin G (IgG)
antibodies were measured using the Dade Behring
(Deerfield, USA) ELISA assay. Results were classified

Table 1. Demographic characteristics

Characteristic Value

Total participants, n 1480
Women, n (%) 990 (67)
Mean age, ±S.D., years 32·2±8·6
Mean time since arrival, ±S.D., years 1·7±1·3
Region of origin, n (%)*

Latin America and the Caribbean 356 (24)
South Asia 318 (21)
Sub-Saharan Africa 256 (17)
East Asia and the Pacific 220 (15)
North Africa and the Middle East 173 (12)
Eastern Europe and Central Asia 157 (11)

Migrant class, n (%)
Refugee claimant 558 (38)
Refugee 94 (6)
Migrant 728 (49)
Other (students, visitors, or Canadian citizens) 100 (7)

Recruitment site, n (%)
Jewish General Hospital 817 (55)
Côte-des-Neiges local community health centre 528 (36)
Sainte Justine Hospital 94 (6)
Clinique Diamant 38 (3)
La Clinique Médical VMS 3 (0·2)

Mean number of persons living in the household, ±S.D. 6·7±3·2
Mean population size of community of origin, ±S.D. 1799645±3207684
Economic status in country of origin, n (%)

Lower 93 (6)
Middle 1242 (84)
Upper 142 (10)

University education, n (%) 703 (48)
Mean education ±S.D., years 13·9±4·1

* Included 95 different countries. The top 10 countries were China (n=142), India
(n=108), Pakistan (n=87), Mexico (n=84), Romania (n=76), Congo (n=70),
Bangladesh (n=67), Peru (n=65), Morocco (n=60), and Sri Lanka (n=48); and
they accounted for 55% of the participants.
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Table 2. Susceptibility to varicella, univariate, and multivariable logistic regression

Variable Total, n
Susceptible
% (95% CI)

Univariate
OR (95% CI)

Multivariable
aOR (95% CI)

Overall 1480 5·9 (4·7–7·1) – –

Sex
Male 490 6·7 (4·5–8·9) 1·3 (0·8–2·0) 1·5 (0·9–2·5)
Female 990 5·5 (4·1–6·9) 1·0 1·0

Age (years)
<25 238 9·7 (5·9–13·5) 4·7 (2·2–10·1)* 4·2 (1·9–9·3)*
25–29 367 7·6 (4·9–10·3) 3·7 (1·8–7·6)* 3·6 (1·7–7·7)*
30–34 422 6·2 (3·9–8·5) 2·9 (1·4–6·1)* 3·1 (1·4–6·7)*
535 453 2·2 (0·9–3·6) 1·0 1·0

Time since arrival in Canada (years)
<4 1358 6·3 (5·0–7·6) 8·0 (1·1–58·3)* 7·3 (1·0–53·6)*
54 120 0·8 (0–2·4) 1·0 1·0

Population
4250000 612 8·2 (6·0–10·4) 2·0 (1·3–3·2)* 1·9 (1·2–3·1)*
>250000 811 4·2 (2·8–5·6) 1·0 1·0

Refugee status
Refugee 723 7·1 (5·2–9·0) 1·5 (1·0–2·4)* 1·4 (0·9–2·2)
Non-refugee 757 4·8 (3·3–6·3) 1·0 1·0

Number of people in dwelling
47 1025 6·9 (5·3–8·5) 2·0 (1·2–3·5)* 2·1 (1·2–3·8)*
>7 448 3·6 (1·9–5·3) 1·0 1·0

Climate
Tropical rainforest 64 14·1 (5·6–22·6) 6·5 (2·5–16·7)* 5·4 (2·0–14·7)*
Tropical monsoon 160 7·5 (3·4–11·6) 3·2 (1·4–7·6)* 2·8 (1·2–6·9)*
Tropical savannah 351 7·4 (4·7–10·1) 3·2 (1·5–6·7)* 3·1 (1·4–6·6)*
Temperate 477 5·7 (3·6–7·8) 2·4 (1·1–5·0)* 2·4 (1·1–5·0)*
Arid/cold/polar 407 2·5 (1·0–4·0) 1·0 1·0

Latitude (degrees)
>0 to 410 N or S 330 6·7 (4·8–8·6) 1·5 (0·7–3·4) –

>10 to 420 N or S 352 6·3 (4·5–8·1) 1·4 (0·6–3·2) –

>20 to 430 N or S 211 6·6 (4·2–9·0) 1·5 (0·6–3·6) –

>30 to 440 N or S 390 4·6 (3·1–6·1) 1·0 (0·4–2·4) –

>40 N or S 176 4·5 (2·3–6·7) 1·0 –

Region of origin
South Asia 318 10·1 (6·8–13·4) 2·7 (1·2–6·2)* –

Latin America or Caribbean 356 6·2 (3·7–8·7) 1·6 (0·7–3·7) –

East Asia and the Pacific 220 4·5 (1·8–7·2) 1·1 (0·4–3·0) –

Eastern Europe and Central Asia 157 4·5 (1·3–7·7) 1·1 (0·4–3·2) –

Sub-Saharan Africa 256 3·5 (1·3–5·8) 0·9 (0·3–2·4) –

North Africa or Middle East 173 4·0 (1·1–6·9) 1·0 –

Island vs. non-island
Island 177 10·7 (6·1–15·3) 2·2 (1·3–3·7)* –

Non-Island 1303 5·2 (4·0–6·4) 1·0 –

Father farmer
Yes 219 6·9 (3·5–10·3) 1·2 (0·7–2·2) –

No 1248 5·6 (4·3–6·9) 1·0 –

Subject farmer
Yes 64 7·8 (1·2–14·4) 1·4 (0·5–3·5) –

No 1414 5·8 (4·6–7·0) 1·0 –
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according to optical density (OD). OD values >0·20
were considered positive, OD values <0·10 were con-
sidered negative, and OD values from 0·10 to 0·20
were considered equivocal. However, participants
with positive or equivocal results (OD 50·10) were
considered seropositive and immune; those with nega-
tive results were considered susceptible.

Statistical analysis

The prevalence [with 95% confidence intervals (CI)] of
varicella susceptibility was calculated for the overall
study sample, as well as for different strata including;
age group, sex, region of origin, climate, community
population, household size, refugee status, and time
since arrival in Canada (variables thought to be im-
portant predictors of susceptibility). Correlations be-
tween categorical variable pairs were assessed using
contingency tables. Univariate and multivariable
logistic regression models were used to test for associa-
tions between socio-demographic characteristics and
susceptibility, with adjustment for potential confoun-
ders. Variables that were not significant in univariate
analysis were excluded from the multivariable model
since they were not considered to be important predic-
tors of varicella susceptibility (with the exception of
sex, since age and sex are generally included in all
multivariable models). Variables that were significant
in univariate analyses as well as sex and age group
were included in the multivariable models. The best
model was judged by the significance of individual
variables and by the goodness of fit of each model
as assessed by Akaike’s Information Criterion
(AIC); models with lower AIC values suggest better
fit. All analyses were conducted with SAS version
9.0 (SAS Institute Inc., USA). Maps showing varicella
seroprevalence according to community of origin were
generated with Arc GIS-9 software (ESRI data and
Maps 9·3).

RESULTS

A total of 1619 migrants were invited to take part in
the study, and 1480 (91·4%) agreed to participate.
There was no information on the country of origin
for the 139 individuals who declined, but they were
more often from the postpartum ward than from
other recruitment sites. Serological test results for var-
icella were available for all 1480 migrants who agreed
to participate. The socio-demographic characteristics
of the study population are presented in Table 1.
Study participants had a mean age of 32·2±8·6
years and were predominantly female (67%). They
originated from all world regions and while nearly
half were refugees or refugee claimants, only 0·8%
had lived in a refugee camp.

Overall, 5·9% (95% CI 4·7–7·1) of participants were
susceptible to varicella. Only 19 (1·3%) of results
were equivocal and were classified as immune.
Susceptibility varied significantly by age, climate, com-
munity population, household size, and time since
arrival in Canada, based on 95% CIs (Table 2).
Susceptibility did not vary significantly by sex or re-
fugee status. Climate was a much better predictor of
varicella susceptibility compared to latitude or region
of origin and was the variable chosen for the multi-
variable model. Climate was the strongest predictor
of susceptibility: 14·1% (95% CI 5·6–22·6) of those
from tropical rainforest climates were susceptible
compared to 2·5% (95% CI 1·0–4·0) of those from
cold, polar or arid climates (Fig. 1, Table 2). Sero-
prevalence (% immune) decreased with age for all
climates and was most frequent in the first year
after arrival, although these differences were not stat-
istically significant due to small numbers in each sub-
group (Figs 2, 3). In a multivariable logistic regression
model (Table 2) adjusted for age, sex, community
population, household size, climate, and time since
arrival; age and originating from a climate with

Table 2 (cont.)

Variable Total, n
Susceptible
% (95% CI)

Univariate
OR (95% CI)

Multivariable
aOR (95% CI)

Income level
Lower 93 9·7 (3·7–15·7) 3·7 (1·1–12·4)* –

Middle 1242 6·0 (4·7–7·3) 2·2 (0·8–6·1) –

Upper 142 2·8 (0·1–5·5) 1·0 –

OR, Odds ratio; aOR, adjusted odds ratio; CI, confidence interval.
* Indicates estimates that were statistically significant with a P value <0·05.
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year-round warmth and humidity were the most
important predictors of susceptibility. Specifically,
originating from a community with a population
<250000 time since arrival in Canada of <4 years,
and living in a household with <7 people were also
significant predictors of varicella susceptibility in the
multivariable model.

DISCUSSION

This is the first study to describe risk factors for
varicella susceptibility in migrants from all world
regions, after arrival in a cold climate. Our results

provide insights into observed differences in varicella
epidemiology between tropical and cold countries,
and into risk factors for and timing of varicella in
migrants after arrival in a cold climate. Young
adult migrants from tropical climates with year-round
warmth and humidity were the most likely to be
susceptible; however, this could be modified by con-
ditions that increased the probability of person-
to-person spread of varicella through direct contact
such as larger community size or more household
crowding.

In our study, climate of origin was the strongest
predictor of susceptibility to varicella (Fig. 1,
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Fig. 1. Varicella susceptibility of migrants by climate classification.
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Fig. 2 [colour online]. Varicella seroprevalence (% immune)
stratified by age group and climate of community of origin.
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Fig. 3 [colour online]. Varicella seroprevalence (% immune)
stratified by time since arrival in Canada and climate
of community of origin.
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Table 2). We found that migrants originating from
climates with the highest temperature and the most
months of humidity per year (tropical rainforest),
were the most likely to be susceptible, and this
decreased with fewer months of humidity and colder
temperatures. Differences in temperature and hu-
midity have been shown to affect varicella epidemi-
ology globally. Varicella seroprevalence studies have
consistently shown that the age of acquiring varicella
in tropical countries is higher than that in cold coun-
tries (10–15 years vs. ∼5 years) [1]. This results in
15–30% of adolescents and young adults from tropical
countries being susceptible to varicella compared
to <5% in cold countries of the same age group [1].
This is supported by studies in warm countries such
as India, Nigeria and Guatemala, in which varicella
incidence was found to be highest during the coolest
months of the year [1]. Similarly, in Thailand the over-
all varicella susceptibility was much higher in warmer
areas of the country (57–58%) than in cooler regions
(31–42%) [23]. In this same study, the warmer areas
also had more rainfall. Equatorial countries such as
St Lucia, Sri Lanka and Singapore with heat and
high humidity most of the year have among the high-
est rates of varicella susceptibility compared to other
countries [1, 24–26]. The observed global differences
in varicella epidemiology may be due to the fact that
varicella zoster virus (VZV) is a heat-sensitive virus
that is not transmitted as efficiently in hot, humid
environments [23, 27]. Influenza, an enveloped virus
like varicella, appears to be transmitted by droplet
spread rather than the airborne route, under hot and
humid conditions [28, 29].

No previous studies of migrants have directly
examined the importance of the climate of the source
country on varicella susceptibility; however; the
characteristics of migrant populations with varicella
in several studies suggest that this is the case. For
example, most reported varicella outbreaks after
arrival in migrants have occurred in individuals
originating from places where >50% of the country
has a tropical rainforest climate (such as Puerto
Rico, the Philippines, southern Sri Lanka) [8–13].
Furthermore, migrants from tropical climates are
over-represented in varicella-associated hospitaliza-
tions in temperate/cold countries. In a US study
certain foreign-born groups had increased odds of
being hospitalized for varicella compared to the
US-born population, including those born in Puerto
Rico (6·43), the Philippines (1·88) and other foreign
groups (7·33) [16].

Interestingly, several studies in migrants from tro-
pical countries after arrival in cold host countries, in-
cluding Canada, demonstrate that migrants are
somewhat less likely to be susceptible (∼10–15%
aged 20–30 years) compared to those of a similar
age living in tropical countries [30–34]. This may
reflect differences between persons who migrate and
those who do not. Our study sample was highly edu-
cated and may have been more likely to have grown
up in urban areas, which is associated with lower sus-
ceptibility. In addition, lower susceptibility may be
due to the effect of exposure to a higher force of infec-
tion of varicella after arrival in a cold climate. This is
supported by the fact that susceptibility was highest
in the first year and decreased substantially within
4 years after arrival (Fig. 3, Table 2).

Climate is a stronger predictor of susceptibility
to varicella than region of origin, probably because
most regions of origin contain several different
climates (see Appendix Tables A1–A3 and Fig. 1).
To improve the usability of the data on the variability
of varicella susceptibility by climate for healthcare
providers caring for migrant populations, the follow-
ing generalizations about the risk of susceptibility to
varicella by region of origin can be made: (1) high-risk
regions are those nearest the equator including
most countries in South Asia, South East Asia & the
Pacific, and the Caribbean & Central America;
(2) intermediate-risk areas are Eastern Europe, coun-
tries with temperate climates in North Africa & the
Middle East, Sub-Saharan Africa and China & Japan;
(3) low-risk regions are arid/desert and cold/polar cli-
mates in North Africa & the Middle East, Central
Asia, Pakistan & Afghanistan (South Asia), Western
Europe and Australia and, (4) South America is at
variable risk as many countries have several different
climates (Appendix Table A3).

In our study, age was the second strongest risk
factor for varicella susceptibility, with the youngest
migrants being the most susceptible. By age
35 years, however, almost all were immune. The ex-
ception was migrants from the tropical rainforest
climate (hot and humid year-round) where up to
10% of those aged >35 years were susceptible
(Fig. 2). A similar pattern has been described in coun-
tries with a tropical rainforest climate such as southern
Sri Lanka, Singapore, and Indonesia where 15–20% of
those aged >35 years were still susceptible to varicella
[1, 24, 25, 35]. The relatively low overall susceptibility
of 6% in our study may have been partially due to
an ‘older’ mean age of 32 years in our population.
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Although numbers in subgroups are small, those
who were aged <25 years from different climates
were more likely to be susceptible (10–25%) than
those who were older (Fig. 2). This is further sup-
ported by the fact that the mean age of migrants
involved in outbreaks after arrival is ∼23 years [8–13].

Although susceptibility to varicella is higher in
warm, humid climates, several studies suggest that
both community and household crowding may modify
this if they increase potential transmission through
greater direct person-to-person contact. In India and
Thailand, persons living in urban settings were less
often susceptible than those in rural settings, despite
similarly hot and humid climates in both locations
[23, 27]. Similarly, we found that migrants from smal-
ler communities (4250000population) were almost
twice as likely to be susceptible as those from larger
communities, even after adjustment for age, climate
and time since arrival.

The importance of household crowding as a deter-
minant of susceptibility to varicella in tropical coun-
tries was explored in a recent study of a varicella
outbreak in Guinea-Bissau. In this study the age of de-
veloping varicella was very low (∼4 years) despite its
tropical climate [28]. Although transmission of vari-
cella was fourfold less frequent than what would
have been expected in a cold climate, the authors pos-
tulated that transmission of the virus was facilitated
by greater direct person-to-person contact due to the
exceptionally large households (mean 14·5 people)
which are common in Guinea-Bissau and many
other Sub-Saharan African countries [28]. This hypo-
thesis is supported by the results of our study as we
found that those living in smaller households (47
people) were twice as likely to be susceptible as
those in larger households, even after adjusting for
age, climate and community size, and time since ar-
rival in Canada. Furthermore, migrants from
Sub-Saharan Africa were the least likely to be suscep-
tible (3·5%) compared to individuals from any other
region. The mean household size in those from
Sub-Saharan Africa was also larger than for other
study participants (mean±S.D.: 8·7±4·6 vs. 6·7±3·2
people for world regions, P<0·0001).

Since the widespread implementation of single-
dose childhood varicella vaccination programmes in
Canada (∼2005) and the USA (1995), the number
of cases, hospitalizations and deaths due to
varicella have markedly decreased in all age groups
[5, 14, 36–38]. Despite these short-term benefits,
mathematical modelling studies have warned that

over the 10–20 years after introduction of these pro-
grammes, there will be an accumulation of susceptible
individuals, due to the presence of unvaccinated
cohorts and waning immunity in those vaccinated.
In addition, through herd immunity, the age of
acquiring infection will shift to an older age as it
takes longer to be exposed due to lower levels of cir-
culating virus. Once a threshold of susceptible indivi-
duals is surpassed, there is the potential for outbreaks
in older individuals at higher risk for severe disease,
unless they are identified and vaccinated [39]. A pre-
viously unrecognized factor that may amplify the fu-
ture risk of outbreaks and severe varicella is the
accumulating reservoir of susceptible older migrants
who are protected from developing varicella after ar-
rival, due to herd immunity conferred by the local
childhood varicella vaccination programme. This
could be prevented through providing targeted var-
icella vaccination to all migrants. Moreover, a recent
analysis found that it was cost-effective to provide
varicella vaccination to adult immigrants and re-
fugees with prior serotesting in most settings, and
that it would be cost-saving for most adults aged
<35 years [40].

The major strength of this study is that it is large,
includes migrants from all world regions and climates
and is the first to describe predictors of susceptibility
of varicella in this population before and after arrival
in a cold climate. Our results were collected from sub-
jects in the pre-childhood vaccination era in Quebec,
and therefore represent the effect of transmission of
natural varicella in their countries of origin and in
Canada rather than immunity due to vaccination.
We suspect that susceptibility in this population in
the post-vaccination era may be even higher as they
would be protected from developing varicella due to
herd immunity [41].

One potential limitation of our results is the fact
that the study population was recruited as a con-
venience sample of immigrants and refugees seeking
healthcare at hospitals and clinics from one area of
Montreal, and may not be generalizable to all migrant
populations. In spite of this, the age and education
level of our study population was similar to all immi-
grants who arrived in Quebec during the study period
[42]. The mean age of the study participants was 32·2
±8·6 years and was similar to all immigrants arriving
in Montreal, 39% of whom were age 35–44 years [42].
Our study population had a mean of 13·9 years of
education and 48% had a university education com-
pared to 61·5% of immigrants arriving in Montreal

1702 C. Greenaway and others

https://doi.org/10.1017/S0950268813002768 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268813002768


that had 514 years of education [42]. Although study
participants were more likely to be female compared
to the source population (67% vs. 50%, respectively),
this is unlikely to have a major impact as the suscep-
tibility to varicella between men and women is similar
(Table 2). To enhance the relevance of our findings to
other settings, we stratified our results by region of ori-
gin, refugee status, and various socio-demographic
variables. Systematic biases that distort the results in
subgroups is possible if the study population seeking
healthcare is different than the general migrant
population.

In conclusion, a variable proportion of young adult
migrants were found to be susceptible to varicella.
Important risk factors for susceptibility included cli-
mate in the country of origin, age, time since arrival,
and community and household crowding in source
countries. Susceptible adults are at risk for severe var-
icella disease and migrants bear a disproportionate
risk of varicella outbreaks, hospitalizations [16] and
associated mortality [14, 15]. Identifying and vaccinat-
ing migrants from tropical countries after they arrive
in cold climates should therefore be a priority, and
has the potential to decrease individual morbidity
and mortality and healthcare costs.
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Appendix Table A1. List of countries in each region of origin [19]*

East Asia and Pacific
American Samoa, Brunei, Cambodia, China, Fiji, French Polynesia, Hong Kong, Indonesia, Japan, Kiribati, Korea
(Republic), Democratic Republic of Korea, Lao PDR, Macao SAR, Malaysia, Marshall Islands, Micronesia Fed. Sts,
Mongolia, Myanmar, New Caledonia, Palau, Papua New Guinea, Philippines, Samoa, Singapore, Solomon Islands,
Thailand, Timor-Leste, Tuvalu, Tonga, Vanuatu, Vietnam

Eastern Europe and Central Asia
Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Bulgaria, Georgia, Kazakhstan, Kosovo, Kyrgyz Republic,
Latvia, Lithuania, Macedonia, FYR, Moldova, Montenegro, Romania, Russian Federation, Serbia, Tajikistan, Turkey,
Turkmenistan, Ukraine, Uzbekistan

Latin America and the Caribbean
Antigua & Barbuda, Argentina, Aruba, Bahamas, Barbados, Belize, Bermuda, Bolivia, Brazil, Cayman Islands, Chile,
Colombia, Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, El Salvador, Grenada, Guadeloupe, Guatemala,
Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, Puerto Rico, St Kitts & Nevis, St Lucia,
St Vincent and the Grenadines, Suriname, Trinidad & Tobago, Turks and Caicos Islands, Uruguay, Venezuela

Middle East and North Africa
Algeria, Bahrain, Djibouti, Egypt (Arab Republic), Iran (Islamic Republic), Iraq, Israel, Jordan, Kuwait, Lebanon,
Libya, Morocco, Oman, Qatar, Saudi Arabia, Syrian Arab Republic, Tunisia, West Bank and Gaza, United Arab Emirates,
Yemen, Rep.

South Asia
Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, Sri Lanka

Sub-Saharan Africa
Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic, Chad, Comoros, Congo
(Democratic Republic), Congo (Republic), Cote d’Ivoire, Equatorial Guinea, Eritrea, Ethiopia, Gabon, The Gambia, Ghana,
Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius, Mayotte,
Mozambique, Namibia, Niger, Nigeria, Reunion, Rwanda, Sao Tome & Principe, Senegal, Seychelles, Sierra Leone,
Somalia, South Africa, Sudan, Swaziland, Tanzania, Togo, Uganda, Zambia, Zimbabwe

High-income countries in North America, Western Europe and Australia
Andorra, Australia, Austria, Belgium, Canada, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Faroe Islands, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Liechtenstain, Luxembourg, Malta, Monaco, Netherlands,
New Zealand, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, UK, USA

* Based on the World Bank classification of countries.
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Appendix Table A2. Countries stratified by climate (550% of country’s population lives in indicated climate) and
region of origin

Region of origin Countries

Tropical rainforest
East Asia and Pacific American Samoa, Brunei, Indonesia, Kiribati, Malaysia, Papau New Guinea,

Phillipines, New Caledonia, Singapore, Solomon Islands
Europe and Central Asia –

Latin America and the Caribbean Dominica, Grenada, Guadeloupe, Guyana, Martinique, Puerto Rico, Suriname
Middle East and North Africa –

South Asia Maldives
Sub-Saharan Africa Comoros, Mauritius, Réunion
Tropical savannah/tropical monsoon
East Asia and Pacific Cambodia, Fiji, French Polynesia, Lao PDR, Myanmar (Burma), Pacific Islands

(Palau), Thailand, Timor-Leste, Tonga, Vanuatu, Vietnam
Europe and Central Asia –

Latin America and the Caribbean Anguilla, Antigua and Barbuda, Bahamas, Barbados, Belize, Cayman Islands, Costa
Rica, Cuba, Dominican Republic, El Salvador, French Guyana, Haiti, Honduras,
Jamaica, Montserrat, Nauru, Nicaragua, Panama, St. Kitts and Nevis, St. Lucia,
St, Vincent and the Grenadines, Trinidad & Tobago, Turks & Caicos Islands,
Venezuela

Middle East and North Africa –

South Asia Bangladesh, India, Sri Lanka
Sub-Saharan Africa Benin, Burkina Faso, Burundi, Cameroon, Central Africa Republic, Chad, Congo,

Equatorial Guinea, Gabon, The Gambia, Ghana, Guinea, Guinea-Bissau, Cote
D’Ivoire, Liberia, Mali, Mozambique, Nigeria, Rwanda, Sao Tome & Principe,
Seychelles, Sierra Leone, Tanzania, Togo, Uganda

Temperate
East Asia and Pacific China, Hong Kong, Macao SAR, Japan
Europe and Central Asia Albania, Macedonia, Turkey, Turkmenistan
Latin America and the Caribbean Argentina, Chile, Paraguay, Uruguay
Middle East and North Africa Algeria, Israel, Lebanon, Morocco, Syria, Tunisia, West Bank & Gaza Strip
South Asia Bhutan, Nepal
Sub-Saharan Africa Lesotho, Malawi, South Africa, Swaziland, Zambia, Zimbabwe
High-income Western Europe,
Australia

Andorra, Australia, Azores, Belgium, Bermuda, Cyprus, France, Germany, Greece,
Ireland, Italy, Luxembourg, Malta, Monaco, Netherlands, New Zealand,
Portugal, UK

Arid
East Asia and Pacific –

Europe and Central Asia Armenia, Azerbaijan, Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan
Latin America and the Caribbean Aruba, Netherlands Antilles
Middle East and North Africa Bahrain, Djibouti, Egypt, Iran, Iraq, Jordan, Kuwait, Libya, Oman, Qatar,

Saudi Arabia, United Arab Emirates, Yemen
South Asia Afghanistan, Pakistan
Sub-Saharan Africa Angola, Botswana, Cape Verde, Eritrea, Mauritania, Namibia, Niger, Senegal,

Somalia, Sudan
High-income Western Europe Spain
Cold/polar
East Asia and Pacific Mongolia, Korea (Democratic Republic of), Korea (Republic),
Europe and Central Asia Belarus, Bosnia & Herzegovina, Bulgaria, Georgia, Latvia, Lithuania, Moldova,

Romania, Russia, Ukraine
Latin America and the Caribbean Falkland Islands
Middle East and North Africa –

South Asia –

Sub-Saharan Africa –

High-income Western Europe and
North America

Austria, Canada, Croatia, Czech Republic, Denmark, Estonia, Faeroe Islands,
Finland, Hungary, Iceland, Liechtenstein, Norway, Poland, Slovakia, Slovenia,
Sweden, Switzerland, USA
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Appendix Table A3. Examples of countries with several different climates

Country Climate 1 Climate 2 Climate 3 Climate 4 Climate 5

Bolivia Temperate (0·4)* Tropical savannah
(0·3)

Arid (0·2) Tropical monsoon
(0·1)

Brazil Temperate (0·45) Tropical savannah
(0·3)

Tropical monsoon
(0·15)

Tropical rainforest
(0·1)

Colombia Temperate (0·36) Tropical rainforest
(0·25)

Arid (0·16) Tropical monsoon
(0·16)

Tropical savannah
(0·08)

Ecuador Tropical savannah
(0·4)

Arid (0·3) Temperate (0·25) Tropical rainforest
(0·05)

Ethiopia Temperate (0·4) Arid (0·3) Tropical savannah
(0·3)

Kenya Tropical savannah
(0·40)

Temperate (0·30) Arid (0·25) Tropical rainforest
(0·05)

Madagascar Temperate (0·35) Tropical monsoon
(0·30)

Tropical rainforest
(0·30)

Tropical savannah
(0·15)

Arid (0·10)

Mexico Tropical savannah
(0·45)

Arid (0·30) Temperate (0·25)

Peru Arid (0·35) Temperate (0·20) Tropical savannah
(0·20)

Tropical rainforest
(0·15)

Tropical monsoon
(0·10)

* Values in parentheses are the proportion of the population living in each climate.
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