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Using blood donors and solid organ transplant donors and 
recipients to estimate the seroprevalence of cytomegalovirus 
and Epstein–Barr virus in Canada: A cross-sectional study

Curtis Mabilangan MSc1 , Catherine Burton MD, MSc1, Sheila O’Brien PhD2,3,  
Sabrina Plitt PhD4, Dean Eurich PhD4, Jutta Preiksaitis MD5

BACKGROUND: Cytomegalovirus (CMV) and Epstein–Barr virus (EBV) infections are common, causing significant morbidity in 
pregnancy (congenital CMV) and transplant recipients (CMV, EBV). Canadian prevalence data are needed to model disease bur-
den and develop strategies for future vaccines. We estimated prevalence using screening data from blood donors and solid organ 
transplant (SOT) donors and recipients. METHODS: We retrospectively analyzed CMV and EBV serology from Alberta SOT donors 
(n = 3,016) and recipients (n = 4,614) (1984–2013) and Canadian Blood Services blood donors (n = 1,253,350) (2005–2014), studying 
associations with age, sex, organ, year, and geographic region. RESULTS: CMV seroprevalence rises gradually with age. By age 70, 
CMV seropositivity ranged from 67% (blood donors) to 73% (SOT recipients). Significant proportions of women of child-bearing age 
were CMV-seronegative (organ donors, 44%; SOT recipients, 43%; blood donors, 61%). Blood donor CMV seroprevalence decreased 
from 48% in Western Canada to 30% in Eastern Canada. Women were more likely to be CMV-seropositive (ORs = 1.58, 1.45, and 1.11 
for organ donors, SOT recipients, and blood donors, respectively) and EBV-seropositive (ORs = 1.87 and 1.46 for organ donors and 
SOT recipients, respectively). EBV prevalence rises rapidly, and by age 17–29 years, 81% of SOT recipients and 90% of organ donors 
were seropositive. CONCLUSIONS: Canada has relatively low and perhaps decreasing age-specific EBV and CMV prevalence, making  
Canadians vulnerable to primary infection-associated morbidity and suggesting benefit from future vaccines. Collection and analysis 
of routine serology screening data are useful for observing trends.

KEYWORDS: CMV serostatus, cytomegalovirus, EBV serostatus, Epstein-Barr virus, seroprevalence

HISTORIQUE : Les infections à cytomégalovirus (CMV) et au virus d’Epstein–Barr (EBV) sont courantes et responsables d’une morbidité 
importante pendant la grossesse (infection congénitale à CMV) et les receveurs d’organes (CMV, EBV). Il faut colliger des données de 
prévalence au Canada pour en modéliser le fardeau et établir des stratégies en vue de futurs vaccins. Les chercheurs en ont évalué 
la prévalence à l’aide des données de dépistage des donneurs de sang et des donneurs d’organes pleins. MÉTHODOLOGIE : Les 
auteurs ont procédé à l’analyse rétrospective de la sérologie du CMV et de l’EBV des donneurs (n = 3 016) et des receveurs (n = 4 614) 
d’organes pleins de l’Alberta entre 1984 et 2013 et des donneurs de sang de la Société canadienne du sang de 2005 à 2014 (n = 1 253 
350) et étudié les associations avec l’âge, le sexe, l’organe, l’année et la région géographique. RÉSULTATS : Le statut sérologique pour 
le CMV augmente graduellement avec l’âge. À l’âge 70 ans, la séropositivité au CMV se situait entre 67 % (donneurs de sang) et 73 % 
(receveurs d’organes pleins). Des proportions importantes de femmes en âge de procréer étaient séronégatives au CMV (donneuses 
d’organes, 44 %; receveuses d’organes pleins, 43 %; donneuses de sang, 61 %). La séroprévalence du CMV chez les donneurs de sang 
passait de 48 % dans l’Ouest canadien à 30 % dans les Maritimes. Les femmes étaient plus susceptibles d’être séropositives au CMV 
(RC = 1,58, 1,45, et 1,11 pour les donneuses d’organes, les receveuses d’organes pleins et les donneuses de sang, respectivement) et 
à l’EBV (RC = 1,87 et 1,46 pour les donneuses d’organes et les receveuses d’organes pleins, respectivement). La prévalence de l’EBV 
augmente rapidement : entre l’âge de 17 et 29 ans, 81 % des receveurs d’organes pleins et 90 % des donneurs d’organes étaient 
séropositifs. CONCLUSIONS : Le Canada présente une prévalence relativement faible – et peut-être même à la baisse – d’EBV et de 
CMV liée à l’âge, ce qui rend les Canadiens vulnérables aux morbidités associées à la primo-infection et laissent croire au caractère 
avantageux de futurs vaccins. Il est utile d’amasser et d’analyser des données de dépistage pour observer les tendances.

MOTS-CLÉS:  cytomégalovirus, séroprévalence, statut sérologique pour le CMV, statut sérologique pour l’EBV, virus d’Epstein-Barr
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Seroprevalence of CMV and EBV in Canadian donors

addition, up until 2017 a subset of Canadian blood donors were 
screened to identify CMV-seronegative blood products used to 
reduce risk of transfusion-transmitted CMV infection (21,22).

Our objective was to describe the age- and sex-specific 
prevalence of CMV and EBV in Canada using data from 
routine organ donor and recipient and blood donor screening.

METHODS
Organ transplant population
Our cross-sectional study retrospectively analyzed all SOT 
donors and recipients transplanted at the University of 
Alberta Hospital/Stollery Children’s Hospital, Edmonton, 
Alberta, between January 1, 1984, and December 31, 2013. 
Recipients were analyzed using the first transplant event in 
the study period and re-transplant events for patients initially 
transplanted before January 1, 1984. Transplant data were col-
lected from Provincial Laboratory for Public Health (ProvLab) 
paper records (1984–1992), the ProvLab computer database 
(1993–2013), the University of Alberta Organ Transplant 
Tracking Registry, and paper records from the Edmonton 
Human Organ Procurement and Exchange (HOPE) program.

Blood donor population
We analyzed first-time blood donors (aged ≥17 y) donating 
between January 1, 2005, and May 3, 2014. Collection centres 
randomly tested a proportion of blood donors for CMV to 
maintain an inventory of CMV-negative blood products. Blood 
donor data including CMV serostatus, age, sex, and region 
were provided by Canadian Blood Services from the National 
Epidemiology Donor Database with regions grouped as fol-
lows: British Columbia and Yukon, Alberta, Saskatchewan and 
Manitoba, Ontario, and Atlantic (New Brunswick, Newfound-
land and Labrador, Prince Edward Island, and Nova Scotia).

Serology testing
Among local transplant donors and recipients, CMV immuno-
globulin G (IgG) was assessed using an enzyme immunoassay 
(Siemens Enzygnost Anti-CMV/IgG, Siemens Healthcare 
Diagnostics Products, Marburg, Germany). Epstein–Barr 
viral capsid antigen IgG and Epstein–Barr virus nuclear 

INTRODUCTION
Cytomegalovirus (CMV) and Epstein–Barr virus (EBV) 
infections commonly occur in the general population and 
persist for life (1,2). Both CMV and EBV can be transmitted 
by exposure to infected saliva, leukocytes in blood transfu-
sions, and seropositive donor organs or hematopoietic stem 
cells. Infected secretions such as urine, genital fluids, and 
breast milk also transmit CMV.

Most CMV infections are asymptomatic, but CMV causes 
significant morbidity in two settings: congenital infection and 
transplant recipients. CMV is the most common congenital 
infection in Canada, occurring in an estimated 0.5% of live 
births (3). Approximately 32% of primary and 1.4% of non-
primary CMV infections during pregnancy result in vertical 
transmission (4). More than 15% of congenitally infected infants 
develop permanent sequelae, the most common of which is 
sensorineural hearing loss (5–8). CMV is the most frequent 
infectious complication after solid organ transplant (SOT), 
both directly causing morbidity and indirectly affecting both 
graft function and other infection risk (9–11). Consequently, 
the US Institute of Medicine has identified the development 
of a CMV vaccine as a public health priority (9,12).

Like CMV, most EBV infections are also asymptomatic. 
However, EBV can cause infectious mononucleosis in healthy 
adolescents and young adults and has been associated with the 
pathogenesis of multiple sclerosis (13). However, the great-
est EBV-related disease burden is its pathogenic association 
with hematopoietic and epithelial malignancies in both im-
munocompetent hosts (non-Hodgkin, Hodgkin, and Burkitt 
lymphomas; nasopharyngeal and gastric carcinomas) and 
immunocompromised hosts (post-transplant lymphoprolif-
erative disorder [PTLD], smooth muscle tumours) (2,14–17). 
EBV vaccine development is also underway (18,19).

In Canada, there is a paucity of data regarding age-specific 
CMV and EBV prevalence, especially in early childhood. 
Such data are critical to estimate virus-related disease burden 
and health resource expenditures and design future vaccine 
strategies. At our Alberta centre, pre-transplant organ donor 
and recipient CMV and EBV serology are routinely tested to 
risk stratify patients for post-transplant prevention strategies 
targeting CMV- and EBV-associated complications (20). In 
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antigen 1 IgG were assessed via Gull Laboratories, Salt Lake 
City, Utah (1994–2001), and CaptiaTM Trinity Biotech, Bray, 
Ireland (2002–2013). EBV serology before 1994 was tested 
retrospectively on available samples. All other CMV and EBV 
serology testing was done at the time of collection. The CMV 
and EBV serostatus of non-local donors were obtained from 
HOPE records (assay details unknown).

CMV screening of blood donors was performed at time 
of collection throughout the study period using an Olympus 
particle agglutination assay (PK 100/200/300) that detects 
CMV IgG and immunoglobulin M.

Variables
We investigated the associations of age, sex, organ, time period, 
region, and donation year (for blood donors only) with CMV 
and EBV seroprevalence. Donor and recipient transplant analyses 
were stratified by age at transplant or donation (adult, aged ≥17 
y; pediatric, aged <17 y). Age was modelled as a continuous 
variable in regression analysis but is presented as age groups in 
the tables. Because passive maternal antibody makes positive 
serology unreliable in infants aged younger than 12 months, 
these infants were included in the descriptive analyses (Tables 
1, 3, and 5 and Supplemental Table S.1) but not in the regres-
sion analyses (Tables 2 and 4). Donors (D) and recipients (R) 
with indeterminate serostatus results and infants aged younger 
than 12 months with positive or indeterminate serology were 

reclassified according to the highest risk scenario, that is, D+ 
or R–, for D/R risk category analysis. In all other analyses, 
indeterminate serology results were treated as missing. Time 
trends were analyzed using a continuous year variable for all 
groups and a binary period variable representing 1984–1998 
and 1999–2013 for organ donors and recipients. Women of 
child-bearing age were defined as women aged 17–45 years.

Statistical analysis
Categorical variables were compared using χ2 tests for 
independence or Fisher exact test. Pairwise comparisons 
were adjusted using the Benjamini–Hochberg procedure. 
Confidence intervals for proportions were calculated using 
the binomial exact method. Trends over time were analyzed 
using linear regression. Prevalence ORs were obtained using 
purposeful logistic regression model building. Variables were 
assessed for interaction and confounding. All analyses were 
performed using R version 3.5.2 (23).

RESULTS
Populations studied
Figure 1 outlines the SOT study groups analyzed. All complete 
cases, with age, sex, and serology data, were analyzed. Eighty 
donors were excluded because of missing age. Exclusions be-
cause of missing serology are indicated in the Table 1 footnotes.

Figure 1: Study population flow chart
Notes: Superscript numerals indicate the table in which these data are analyzed.
* 4,548 first-event transplants and 407 total re-transplant events (362 second-event transplants, 42 third-event transplants,  
3 fourth-event transplants)
† Includes 4,548 recipients first transplanted during the study period plus 66 recipients first transplanted before the study period
‡ Age was missing for 80 donors; thus, they were not included in the adult or pediatric dataset.
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Blood donors

In linear regression of blood donor age versus donation year, 
average age at donation decreased from 40.0 years in 2005 
to 31.1 years in 2014 (p < 0.001). Age and sex distributions 
of blood donors were not significantly different between 
provinces.

SOT donors and recipients

Average adult organ donor age decreased from 44.4 years in 
1984 to 40.9 years in 2013 (p = 0.003), whereas adult organ 
recipient age increased from 42.8 years in 1984 to 52.7 years 
in 2013 (p < 0.001). Excluding infants aged younger than 12 
months, the average age of pediatric donors decreased from 
12.8 years in 1984 to 8.3 years in 2013 (p = 0.002), whereas it 
decreased among pediatric recipients from 9.6 years in 1984 
to 7 years in 2013 (p = 0.027).

CMV seroprevalence
CMV seroprevalence in blood donors, organ donors, and 
recipients by age and sex is illustrated in Table 1 and Supple-
mental Figure S.1. CMV prevalence rose gradually with age; 
by age 70 years, 67%–73% of the subjects in each group were 
seropositive. Multivariate regression showed that increasing 
age and female sex were significantly associated with CMV 
seropositivity in all three study groups (Table 2).

Blood donor CMV seroprevalence

Among blood donors, seroprevalence decreased with do-
nation year and was region dependent, and an interaction 
model showed that the effect of age on CMV seroprevalence 
was stronger in women than in men (Table 2). Between 2005 
and 2007, a significant decrease in age-specific prevalence in 
blood donors was observed over all age groups (Supplemental 
Figure S.2a). After 2007, the youngest age group (17–29 y) 
had remarkably stable CMV seroprevalence ranging from 
33.2% to 34.0% and had doubled as a proportion of total 
blood donors, making up 49.3% of the donor pool by 2014 
(Supplemental Figure S.2b). Despite this, the general CMV 
blood donor seroprevalence has remained very stable at 
about 40.0% since 2007 because of small fluctuations in 
CMV donor seroprevalence in other age groups as well as 
their proportional contribution to the total donor pool. Of 
1,253,350 blood donors, 38.0% (n = 475,869) were women 
of child-bearing age. CMV seroprevalence among all fe-
male blood donors of child-bearing age was 39.0% (95% CI 
38.8% to 39.1%). In Alberta specifically, there were 218,583 
first-time blood donors, of whom 40.1% (n = 87,658) were 
women of child-bearing age. CMV seroprevalence among 
this group was 43.4% (95% CI 43.1% to 43.8%). Regionally, 

CMV seroprevalence was highest in British Columbia and 
Yukon (48.3%) and lowest in the Atlantic provinces (30.8%) 
(Figure 2). Age- and sex-specific CMV seroprevalence was 
similar between Alberta blood donors and Alberta organ 
donors (data not shown).

SOT CMV seroprevalence

Adult SOT CMV seroprevalence

Among recipients, organ type and period were also signifi-
cant predictors of seropositivity (Table 2): liver recipients 
were more likely to be seropositive than kidney recipients 
(adjusted OR [aOR] 1.38; 95% CI 1.17 to 1.62), and recipients 
transplanted between 1999 and 2013 were more likely to 
be seronegative (aOR 0.70; 95% CI 0.60 to 0.81) than those 
transplanted before 1999. CMV seroprevalence was not 
significantly different between living donors and deceased 
donors (51.9% versus 53.9%; p = 0.34). The seroprevalence of 
CMV in women of child-bearing age (n = 689 organ donors, 
n = 605 organ recipients) was similar among organ donors 
(56.2%; 95% CI 52.4% to 60.0%) and recipients (56.8%; 95% 
CI 52.7% to 60.8%).

Pediatric SOT CMV seroprevalence

Among pediatric recipients, multivariate regression (Table 2) 
indicated that girls were more likely to be seropositive than 
boys (aOR 1.66; 95% CI 1.04 to 2.66), and heart recipients 
were more likely to be seropositive than kidney recipients 
(aOR 2.64; 95% CI 1.44 to 4.91).

D/R SOT CMV disease risk stratification categories

The proportion of transplants in each D/R CMV risk cat-
egory is shown in Table 3. Nearly 40% of adult recipients 
were seronegative (R–) at transplant, with 18% being CMV 
mismatched (D+/R–) and at highest risk for CMV disease. 
The adult mismatched proportion remained unchanged 
between periods, but the D–/R– group, at negligible risk 
for CMV disease, increased significantly from 15.7% to 
21.1% (p < 0.001). Among pediatric transplants, two-thirds 
of transplant recipients were CMV negative pre-transplant, 
and one-third were mismatched. The proportion of pediatric 
mismatches significantly increased from 25.5% (1984–1998) 
to 35.5% (1999–2013) (p = 0.04).

SOT EBV seroprevalence
EBV seroprevalence in adult and pediatric organ donors and 
recipients is illustrated in Supplemental Table S.1 and Figure 3. 
As with CMV, EBV seroprevalence increases with age, but 
it occurs more often in childhood, with 90% of donors and 
81% of recipients infected by early adult life (17–29 y) and 
infection almost universal by ages 40–49 years.
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Table 2: CMV multivariate regression models for blood donors, organ donors, and recipients

Variable

Odds ratio (95% CI)

Blood donor Adult organ donor Adult recipient Pediatric recipient

Age 1.021 (1.021 to 1.022)* 1.02 (1.01 to 1.03)* 1.03 (1.03 to 1.04)* 1.05 (1.00 to 1.10)

Sex

Male 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1 (Ref.)

Female 0.96 (0.94 to 0.98)* 1.47 (1.26 to 1.73)* 1.53 (1.33 to 1.76)* 1.66 (1.04 to 2.66)†

Age × Female 1.0053 (1.0047 to 1.0058)* — — —

Organ‡

Kidney — — 1.00 (Ref.) 1.00 (Ref.)

Liver — — 1.38 (1.17 to 1.62)* 1.31 (0.71 to 2.43)

Heart — — 0.95 (0.78 to 1.16) 2.64 (1.44 to 4.91)§

Lung — — 0.92 (0.75 to 1.12) 0.54 (0.08 to 2.56)

Period

1984–1998 — — 1 (Ref.) —

1999–2013 — — 0.70 (0.60 to 0.81)† —

Region

BC and Yukon 1.00 (Ref.) — — —

Alberta 0.92 (0.91 to 0.94)† — — —

Saskatchewan 
and 
Manitoba

0.90 (0.88 to 0.91)† — — —

Ontario 0.74 (0.74 to 0.75)* — — —

Atlantic 0.46 (0.45 to 0.47)* — — —

Donation year 0.98 (0.98 to 0.98)* — — —

Notes: An interaction model was used for blood donors. Pediatric patients aged younger than 12 mo at transplant were excluded from 
regression analysis because of potential passive maternal antibody. No variable was significant in pediatric organ donor regression. 
Dashes indicate not applicable
* Significant at p < 0.001
§ Significant at p < 0.01
† Significant at p < 0.05 
‡ Organs were grouped as follows: kidney–pancreas with kidneys, small bowel and multivisceral with liver, and heart–lung with lung
CMV = Cytomegalovirus; Ref. = Reference

Adult SOT EBV seroprevalence

Multivariate regression results in Table 4 show that among 
adult donors, women were more likely to be seropositive 
than men (aOR 1.59; 95% CI 1.10 to 2.31), and this effect was 
similar in adult recipients (aOR 1.67; 95% CI 1.17 to 2.43). 
A significant interaction was found between age and lung 
recipients because the effect of age on EBV seroprevalence was 
stronger for lungs than for other organs. EBV seroprevalence 
was significantly higher in the 1999–2013 period than the 
1984–1998 period for adult organ donors (aOR 1.49; 95% CI 

1.02 to 2.16) but not for adult recipients. EBV seroprevalence 
was not significantly different between living donors and 
deceased donors (94.0% versus 94.5%; p = 0.64).

Pediatric SOT EBV seroprevalence

Among pediatric donors, age was the only significant pre-
dictor of EBV seroprevalence, whereas among recipients, 
organ group, age, and period were important predictors in 
multivariate analysis (Table 4). Liver recipients were signifi-
cantly more likely to be seropositive than kidney recipients 
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Figure 2: CMV prevalence among blood donors across Canada
Notes: Red error bars show 95% confidence intervals for the seroprevalence indicated above the error bar. A trend of decreasing preva-
lence across Canada is visible. Women’s seroprevalence is higher than men’s seroprevalence in all regions.
CMV = Cytomegalovirus

Table 3: Adult and pediatric CMV risk categories by organ type

Age group and  
organ type

No. (%) of transplants

nD–/R– D+/R– D–/R+ D+/R+

Adult*

Kidney 451 (21.3) 369 (17.4) 600 (28.3) 701 (33.1)  2,121

Liver 179 (15.5) 199 (17.2) 377 (32.6) 402 (34.7)  1,157

Heart 120 (20.1) 113 (18.9) 183 (30.7) 181 (30.3)  597

Lung 117 (20.5) 116 (20.3) 135 (23.6) 203 (35.6)  571

Total 867 (19.5) 797 (17.9) 1,295 (29.1) 1,487 (33.4)  4,446†

Pediatric*

Kidney 30 (31.6) 29 (30.5) 11 (11.6) 25 (26.3)  95

Liver 85 (39.2) 74 (34.1) 31 (14.3) 27 (12.4)  217

Heart 42 (27.8) 49 (32.5) 36 (23.8) 24 (15.9)  151

Lung 3 (37.5) 3 (37.5) 1 (12.5) 1 (12.5)  8

Total 160 (34.0) 155 (32.9) 79 (16.8) 77 (16.3)  471†

Notes: Seropositive and indeterminate donors and recipients aged younger than 12 mo were included in this table and were risk  
adjusted to be D+ or R–, respectively, to account for the potential effects of passive maternal antibody. Indeterminate donors and  
recipients aged older than 12 mo were risk adjusted to be D+ or R–, respectively.
* Organs were grouped as follows: kidney–pancreas with kidneys, small bowel and multivisceral with liver, and heart–lung with lung
† Exclusions due to missing serology in adults (n = 34) and pediatrics (n = 4)
CMV = Cytomegalovirus; D– = Donor seronegative; R– = Recipient seronegative; D+ = Donor seropositive; R+ = Recipient seropositive
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Figure 3: EBV seroprevalence versus age
Notes:  Red error bars show 95% confidence intervals for the seroprevalence indicated above the error bar. The rapid rise of EBV  
seroprevalence is clear among recipients. This pattern is less clear among donors.
EBV = Epstein-Barr virus

(aOR 2.21; 95% CI 1.12 to 4.50). Recipients transplanted in 
1999–2013 were more likely to be seronegative than those 
transplanted in 1984–1998 (aOR 0.49; 95% CI 0.26 to 0.88).

D/R EBV SOT risk stratification categories

The proportion of patients in each D/R EBV risk category is 
shown in Table 5. Forty-five percent of pediatric transplants 
were EBV mismatched and at highest risk for PTLD. Among 
adult transplants, EBV mismatches decreased from 5.7% in 
1984–1999 to 4.0% in 1999–2013 (p = 0.03). Conversely, 
among pediatric transplants, EBV mismatches increased 
from 32.6% in 1984–1999 to 48.1% in 1999–2013 (p = 0.01).

INTERPRETATION
Our study of Canadian age- and sex-specific seroprevalence 
of CMV and EBV suggests that EBV is acquired throughout 
childhood, with infection being almost universal by mid-adult 
life. In contrast, CMV infection is acquired gradually, with 
43%–61% of women of child-bearing age in our study be-
ing seronegative and at high risk of primary CMV infection 
during pregnancy and resultant congenital CMV. Similar 
patterns have been reported in comparable populations in 
the United States and Western Europe, although our observed 
seroprevalence is in the lower range of these studies (24–34). 
Some industrialized countries such as the Scandinavian 

countries, Australia, Italy, and Spain have significantly higher 
age-specific seroprevalence than we observed, likely reflect-
ing fertility rates, child care and breast-feeding practices, 
immigration history, and socio-economic status of these 
populations (24,35). These trends contrast with those in 
the Indigenous population of Northern Canada and in less 
developed countries where infection with these viruses is 
nearly universal in early childhood (24,36–41).

In our study, we estimated CMV prevalence among women 
of child-bearing age to be 56% in organ donors and recipients, 
and this was nearly identical to the 55% reported previously 
in Edmonton and in two other studies with Canadian preg-
nant women reporting 55% and 54% (7,36, 42). However, 
the largest known Canadian study of pregnant women, 
which was conducted in Quebec, reported a prevalence of 
42%, which is closer to the 39% we observed in Canadian 
blood donors (43). Our higher CMV seroprevalence among 
women is supported by the results of other studies and may 
be explained by a propensity for women to be exposed to 
young children through child care or child-related occupa-
tions (24,44).

The true prevalence of CMV in the adult Canadian popu-
lation is likely between the lower prevalence among blood 
donors (42%), a highly screened and healthy population 
with Canadian and US-born individuals overrepresented 
compared with the general Canadian population (45), and 
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Table 4: EBV multivariate regression models for organ donors and recipients

Variable

Odds ratio (95% CI)

Adult Pediatric

Organ donor Recipient Donor Recipient

Age 1.04 (1.02 to 1.05)* 1.05 (1.04 to 1.07)* 1.08 (1.02 to 1.14)† 1.16 (1.10 to 1.23)*

Sex

Male 1.00 (Ref.) 1.00 (Ref.) — —

Female 1.59 (1.10 to 2.31)* 1.67 (1.17 to 2.43)† — —

Organ‡

Kidney — 1.00 (Ref.) — 1.00 (Ref.)

Liver — 0.88 (0.19 to 4.51) — 2.21 (1.12 to 4.50)§

Heart — 2.41 (0.54 to 12.59) — 1.60 (0.80 to 3.26)

Lung — 0.09 (0.02 to 0.35)* — 1.06 (0.22 to 5.80)

Age × Lung — 1.06 (1.02 to 1.10)* — —

Age × Liver — 1.02 (0.98 to 1.06) — —

Age × Heart — 0.98 (0.94 to 1.00) — —

Period

1984–1998 1.00 (Ref.) — — 1.00 (Ref.)

1999–2013 1.49 (1.02 to 2.16)§ — — 0.49 (0.26 to 0.88)§

Notes: Pediatric patients aged younger than 12 mo at transplant were excluded from the regression analysis because of potential pas-
sive maternal antibody. An interaction model was used for adult recipients. Pediatric donor regression revealed only age as a significant 
predictor. Dashes indicate not applicable. 
* Significant at p < 0.001
†Significant at p < 0.01
§ Significant at p < 0.05
‡ Organs were grouped as follows: kidney–pancreas with kidneys, small bowel and multivisceral with liver, and heart–lung with lung
EBV = Epstein-Barr virus; Ref. = reference

the higher prevalence among organ recipients (62%). Bet-
ter estimates might be derived by mathematical modelling 
based on specific information regarding age and sex distri-
bution in the general Canadian population by region with 
adjustments for other demographic information related to 
CMV risk factors such as country of birth. A 2006 study of 
first-time Canadian blood donors suggested that donors 
born in Canada and the United States were overrepresented 
(90.2%) relative to the general population (84.3%) (45). 
Alberta blood donor and organ donor age-specific CMV 
seroprevalence are similar. Consistent with the results of 
previous studies, CMV seroprevalence was lower among 
blood donors from the Atlantic provinces than among those 
from Western Canada (46,47), likely because of greater im-
migration from countries with high CMV seroprevalence 
in Western versus Eastern Canada (48). Similar trends are 

expected among organ donors because in Western Canada, 
the site of our study, Caucasian organ donors make up less 
than 90% of the donor population, whereas in Eastern 
Canada, they make up more than 90%, and Caucasian 
donors tend to have much lower CMV prevalence than 
non-Caucasians donors (49). Organ-specific differences 
in recipient CMV prevalence likely relate to the indica-
tions for transplant. During our study period, 39% of our 
adult liver transplant recipients had hepatitis B (HBV) or 
C (HCV) liver disease with or without hepatocellular carci-
noma as the indication for transplant. Overrepresentation 
of immigrants from countries with high HBV and HCV 
prevalence that also often have high CMV seroprevalence 
may explain the higher CMV seroprevalence observed 
in adult liver transplant recipients relative to other organ 
types (24,50–52).
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Table 5: Adult and pediatric EBV risk categories by organ type

Age group and organ type

n (%) of transplants within organ type

nD–/R– D+/R– D–/R+ D+/R+

Adult

Kidney* 12 (0.7) 91 (5.1) 142 (8.0) 1,539 (86.3) 1,784

Liver 3 (0.3) 20 (1.8) 71 (6.4) 1,018 (91.5) 1,112

Heart 0 (0.0) 31 (6.0) 43 (8.3) 442 (85.7)  516

Lung 1 (0.2) 35 (6.3) 37 (6.7) 480 (86.8)  553

Total 16 (0.4) 177 (4.5) 293 (7.4) 3,479 (87.7) 3,965†

Pediatric

Kidney* 2 (2.5) 27 (34.2) 3 (3.8) 47 (59.5) 79

Liver 17 (8.2) 106 (51.0) 21 (10.1) 64 (30.8) 208

Heart 18 (12.7) 64 (45.1) 12 (8.5) 48 (33.8) 142

Lung 3 (37.5) 0 (0.0) 1 (12.5) 4 (50.0) 8

Total 40 (9.2) 197 (45.1) 37 (8.5) 163 (37.3) 437†

Notes: Seropositive and indeterminate donors and recipients aged younger than 12 mo were included in this table and risk adjusted 
them to be D+ or R–, respectively, to account for the potential effects of passive maternal antibody. Indeterminate donors and recipients 
aged older than 12 mo were risk adjusted to be D+ or R–, respectively.
* Organs were grouped as follows: kidney–pancreas with kidneys, small bowel and multivisceral with liver, and heart–lung with lung
† Exclusions due to missing serology in adults (n = 515) and pediatrics (n = 38). Missing EBV serology results were most common before 
implementation of routine screening in 1994, accounting for 90% of missing donor and 65% of missing recipient EBV serology
EBV = Epstein-Barr virus; D– = Donor seronegative; R– = Recipient seronegative; D+ = Donor seropositive; D– = Donor seronegative

In addition, Canadian Indigenous populations with 
higher CMV seroprevalence have a disproportionate bur-
den of diabetes, immune-mediated kidney disease and 
associated complications of chronic kidney disease, and 
ischemic heart disease that might result in kidney or heart 
transplantation (53). This may be an additional factor ex-
plaining the higher CMV seroprevalence rates observed 
in organ transplant recipients compared with Canadian 
blood donors. In the pediatric SOT recipient population, 
we noted a higher CMV seroprevalence among heart re-
cipients than among kidney recipients and a higher EBV 
seroprevalence among liver recipients than among kidney 
recipients. We hypothesize that these differences may be 
due to a higher prevalence of passive antibodies resulting 
from blood transfusion. Pediatric heart transplant recipients 
have often had prior surgery and frequently receive blood 
products during periods of mechanical circulatory support 
before transplant. Pediatric liver recipients are also more 
likely to be transfused than pediatric kidney recipients 
because of coagulopathies and recent surgery such as the 

Kasai procedure for biliary atresia, a common reason for 
pediatric liver transplantation. Given the relatively small 
size of the pediatric SOT population, we also need to be 
cautious about interpreting these statistically significant 
differences as reflecting real differences.

Our study suggests that CMV seroprevalence among 
blood donors may have decreased. CMV seroprevalence also 
decreased over time among adult SOT recipients, in whom 
average age increased. Decreasing overall and age-specific 
CMV prevalence has been observed by some investigators 
but not all (26,30,54,55).

EBV prevalence is strongly dependent on age, and infec-
tion tends to be acquired at older ages in developed countries 
with low population density and high hygiene standards 
(56). From our study, it is clear that Canadians acquire 
EBV much later than people in countries such as Thailand, 
Taiwan, and China, who attain 90% seroprevalence between 
ages 5 and 8 years, in comparison with Canadians’ aged 30 
years (37–39). However, in our transplant population, 39% 
of recipients were already EBV seropositive by age 2 years. 
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Although donor prevalence was 70% by age 2 years, this 
is likely an overestimation because donors may have been 
transfused, and serology could be falsely positive as a result of 
passive antibodies. Few sources of similar data exist for young 
children. A Minnesota study reported 31% EBV prevalence 
among children aged 1–5 years, and a Swedish birth cohort 
study reported 7% prevalence by age 1 and 18% prevalence 
by age 2 (32,57). The higher EBV seroprevalence we observed 
among women differs from the majority of studies, which 
find no such association, although it has occasionally been 
reported (31–34,38,58,59,60).

Among our pediatric recipients, we saw a decreasing EBV 
prevalence trend over time, which has also been observed by 
others among both healthy children and adults (31,33,61). 
Declining EBV prevalence in childhood may result in increased 
rates of infectious mononucleosis, commonly observed when 
EBV infection is delayed until adolescence or adulthood.

Knowledge of CMV and EBV seroprevalence and trends 
allows modelling of disease burden and resource needs as-
sociated with these viruses in Canada at a population level 
as well as optimal age targeting of future vaccines. CMV vac-
cine modelling studies, using American age-specific CMV 
seroprevalence data, demonstrate tremendous potential 
reductions in congenital CMV with universal infant immuni-
zation (62,63). Even vaccination of female adolescents could 
realize significant cost savings and gain in quality-adjusted 
life years for infants born to vaccinated mothers (64). Because 
Canadian age-specific CMV seroprevalence appears similar, 
it is reasonable to extrapolate this modelling to Canada. A 
recent modelling study suggests that an effective EBV vaccine 
should target infants once they lose their protective maternal 
antibodies (65). Our data support this recommendation 
because children aged younger than 2 years were most likely 
to be seronegative, and infection is acquired rapidly in early 
childhood.

Seronegative SOT recipients are also targeted for potential 
CMV and EBV vaccines. Primary infection early after trans-
plant, most often transmitted from a seropositive donor to 
a seronegative recipient, is the primary risk factor for both 
CMV disease and EBV-associated PTLD (10,66). CMV and 
EBV mismatched (D+/R–) recipients use disproportionately 
greater health care resources, including antiviral prophylaxis 
and laboratory monitoring to prevent CMV disease and 
PTLD. Because age-specific CMV prevalence in Canada is 
relatively low, approximately one-fifth of adult and one-third 
of pediatric SOT recipients are CMV mismatched and at 
high risk of CMV disease. Because of the age-specific EBV 
seroprevalence, pediatric transplant recipients have a much 
higher PTLD risk than adults, and risk of lymphoma can be 
as high as 212 times that of children in the general popula-
tion (66–68). Declining EBV seroprevalence rates among 

children may increase the future size of the D+/R– subgroup 
at highest risk of PTLD, especially because most donors for 
non-thoracic pediatric allograft recipients are adults who are 
likely to be EBV seropositive. This makes EBV-mismatched 
organ transplant recipients apt candidates for testing future 
EBV vaccines with respect to blocking infection and prevent-
ing malignancy.

Our study includes data over a 30-year period from a 
major Canadian transplant centre, but subjects may not 
be representative of all Canadians because of geographic 
variations in race, ethnicity, and socio-economic status. 
These missing variables are known to be associated with 
CMV and EBV seroprevalence. Moreover, fewer transplants 
were performed in the early period, so data from that era 
may be underpowered compared with data from the later 
period. Transfusion data for organ donors and recipients 
were unavailable, and the presence of passive antibodies 
may inflate seroprevalence. Blood donor data do not include 
data from Quebec.

CONCLUSION
Use of collated data generated as part of routine screen-
ing of transplant recipients and organ and blood donors 
is an efficient and low-cost means of obtaining CMV and 
EBV age-specific seroprevalence data that can be used to 
estimate the current and future disease burden associated 
with these viruses and the public health impact of future 
vaccines. Although Canadian Blood Services has recently 
discontinued large-scale CMV serologic screening in the 
era of universal blood product leukoreduction, a national 
effort to collect and collate transplant donor and recipient 
data may be useful for ongoing surveillance of CMV and 
EBV seroprevalence trends.
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Figure S.2. A: Age-specific CMV seroprevalence in blood donors over time. B: CMV seroprevalence in blood donors by age group 
over time
Notes: Bar height represents the overall CMV seroprevalence of blood donors each year. Bar proportions represent the age distribution of 
blood donors each year.
CMV = Cytomegalovirus
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