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A n estimated 257 million people are chronically infected 
with hepatitis B virus (HBV) worldwide.1 Hepatitis B 
ranks fourth on the list of most burdensome infectious 

diseases in Ontario,2 given the high risk of cirrhosis and liver 
cancer among people with chronic infection. The outcome of 
HBV infection is dependent on the age of exposure; more 
than 90% of neonates develop chronic infection, whereas rates 
of spontaneous clearance in immunocompetent adults are 
higher than 95%.3 Globally, vertical transmission remains a pre-
dominant route of transmission; as such, early prenatal screen-
ing for hepatitis B surface antigen (HBsAg) is recommended in 
Canada.4 Universal antenatal screening is especially important 
as Canada remains a destination country for newcomers from 
HBV-endemic regions.5

Interventions exist to decrease the possibility of HBV vertical 
transmission. The use of HBV vaccination within 24 hours of 
birth, with 2 additional doses in infancy, has been shown to be 
90% effective in preventing transmission;6 the risk is further 
reduced by the administration of hepatitis B immunoglobulin.7 In 
addition, for women who are HBV e-antigen (HBeAg) positive 
with high HBV DNA levels, antiviral therapy during the third tri-
mester of pregnancy is recommended.4,8

In 2009, the World Health Organization expanded universal 
birth dose vaccine recommendations to low-endemic countries, 
such as Canada.9 However, only 3 Canadian provinces and territo-
ries provide birth dose vaccination against HBV; 5 vaccinate start-
ing at 2  months; and 5 provinces, including Ontario, vaccinate 
children between grades 6 and 7.10 The rationale for the latter 
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ABSTRACT
BACKGROUND: Ontario is 1 of 5 prov-
inces that immunize adolescents for 
hepatitis B virus (HBV), despite the 
World Health Organization recommen-
dation for universal birth dose vaccina-
tion. One rationale for not vaccinating 
at birth is that universal prenatal 
screening and related interventions pre-
vent vertical transmission. The aims of 
our study were to evaluate the uptake 
and epidemiology of prenatal HBV 
screening, and to determine the number 
of children in Ontario with a diagnosis of 
HBV before adolescent vaccination.

METHODS: We extracted data from ICES, 
Public Health Ontario and Better Out-
comes & Registry Network (BORN) 

Ontario databases. We assessed prena-
tal screening uptake and prevalence of 
prenatal hepatitis B surface antigen 
(HBsAg) from 2012 to 2016, as well as 
subsequent hepatitis B e-antigen 
(HBeAg) and HBV DNA testing and per-
cent positivity. We used age and region 
to subcategorize the results. In a sepa-
rate unlinked analysis, we evaluated the 
number of children positive for HBV 
aged 0–11  years who were born in 
Ontario from 2003 to 2013.

RESULTS: From 2012 to 2016, 93% of 
pregnant women were screened for 
HBV, with an HBsAg prevalence of 0.6%. 
Prevalence of HBsAg increased with age, 
peaking at older than  45  years at 3%. 

North Toronto had the highest overall 
prevalence of 1.5%, whereas northern 
Ontario had the lowest. Of women who 
were HBsAg positive, HBeAg and HBV 
DNA tests were subsequently ordered in 
13% and 38%, respectively. Of children 
born in Ontario between 2003 and 2013, 
139 of 23 759 tested positive for HBV.

INTERPRETATION: Prenatal HBV screen-
ing is not universal and subsequent 
evaluation is poor, limiting optimal 
intervention and possibly contributing 
to some Ontario-born children being 
given a diagnosis of HBV before age 
12 years. These findings underscore the 
limitations of the province’s adolescent 
vaccination strategy.
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approach is based on the following assumptions: pregnant 
women are universally screened; all infants born to mothers 
who test positive for HBsAg receive postexposure prophylaxis; 
sexual contact is the only other major risk factor; and waning 
immunity after infant vaccination could leave individuals unpro-
tected as adults.

The objectives of our study were to better understand the 
uptake and epidemiology of prenatal HBV screening in Ontario, and 
to compare HBV acquisition in Canadian-born and non-Canadian-
born children in Ontario before adolescent vaccination.

Methods

Prenatal HBV testing data sources and linkage
To facilitate universal prenatal testing for HBsAg as recom-
mended by the Society for Obstetrics and Gynaecology Canada, 
Public Health Ontario has created a standardized prenatal requi-
sition that includes HBsAg, HIV, syphilis and rubella screening. 
The data in our study include results from this order set, as well 
as HBsAg testing where prenatal or antenatal testing was speci-
fied. We used aggregate data from the Better Outcomes Registry 
and Network (BORN) Ontario, which captures all live and still 
births, to calculate age-, region- and year-specific screening 
uptake and prevalence. We determined the region based on the 
maternal postal code or postal code of the ordering provider if 
maternal postal code was not given, and aggregated data by 
Local Health Integration Network (LHIN).11 We extracted data 
from the Public Health Ontario Laboratory (PHOL) Laboratory 
Information Management System related to specimens received 
from Jan. 1, 2012 to Dec. 31, 2016. We included HBsAg, HBeAg 
and HBV DNA test results. We used Ontario Health Insurance Plan 
(OHIP) numbers to identify unique individuals. We categorized 
age into the following bands: younger than 15, 15–20, 21–25, 
26–30, 31–35, 36–40, 41–45, and older than 45 years. We excluded 
individuals with no OHIP number and non-Ontario postal codes.

We filtered the raw laboratory data to remove duplicate test-
ing and retain only specimens for which “prenatal” was indicated 
in the specimen record. We used a 259-day period to estimate 
the pregnancy window (37 wk), and removed HBsAg test repeats 
within each pregnancy. In cases of discordant duplicate results, 
we counted the positive result.

We linked HBsAg-positive specimen records separately to 
HBeAg and HBV DNA results. We linked HBeAg and HBV DNA 
results only if the date of specimen receipt was 259 days or less 
from the date of specimen receipt for HBsAg testing. In cases 
where more than 1 HBeAg or HBV DNA result was linked, we kept 
only the earliest result after the positive HBsAg for each test.

Comparison of HIV and HBV prenatal testing
Universal prenatal testing for HIV is recommended and included 
on the standardized Public Health Ontario prenatal requisition. 
In Ontario, the prevalence of both HBV and HIV is relatively low 
among the prenatal population, but both are included in routine 
screening because of the potential to intervene and prevent or 
reduce the probability of vertical transmission. Thus, in order to 
provide a comparison for HBsAg screening uptake, we assessed 

HIV prenatal testing uptake using the same data acquisition and 
analysis methodology as described above, over the same time 
period (2012–2016), as previous studies have shown high uptake 
of HIV testing despite low prevalence.12

Pediatric HBV testing data sources
Children aged 0–11 years who were tested for HBV between 
Jan. 1, 2003 and Dec. 31, 2013 formed our pediatric cohort. Pub-
lic Health Ontario Laboratory HBV specimens were linked to 
health administrative data housed at ICES. ICES is an indepen-
dent, nonprofit research institute whose legal status under 
Ontario’s health information privacy law allows it to collect and 
analyze health care and demographic data, without patient con-
sent, for health system evaluation and improvement. Using the 
Immigration, Refugee and Citizenship Canada Permanent Resi-
dents database, we stratified children into non-Canadian-born — 
i.e., landing date recorded in the Citizenship and Immigration 
Canada database — and Canadian-born individuals. Currently, 
the Canadian Paediatric Society recommends universal screen-
ing of all children born outside Canada, once arrived.13 Data sets 
were linked using unique encoded identifiers and analyzed at 
ICES. The case definition for an HBV diagnosis was a positive 
HBsAg, a positive HBeAg or detectable HBV DNA.14 The index date 
was the date of the first positive HBV specimen, while for the rest 
of the cohort, the index date was based on the date of their first 
negative HBV specimen. Specimen results that were within 
90  days of each other were combined, before categorizing the 
specimens as positive or negative.

Statistical analysis
We determined the 95% confidence intervals (CIs) of the propor-
tions of antenatal HBV testing uptake and prevalence of HBV and 
HIV infection between 2012 and 2016 using the Clopper–Pearson 
(Exact) method.  

Ethics approval
The University Health Network Research Ethics Board and Public 
Health Ontario Ethics Review Board approved the collection of 
prenatal anonymous, aggregate, linked data. ICES’s collection of 
pediatric data was authorized under section 45 of Ontario’s Per-
sonal Health Information Protection Act, which does not require 
review by a Research Ethics Board.

Results

Prenatal HBsAg screening and follow-up testing
HBsAg testing was performed in 92.7% (Appendix 1, supple-
mental Figure 1, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.200290/tab-related-content) of pregnancies in Ontario 
from 2012 to 2016. The prevalence of HBsAg positivity was 
0.63% among the 651 745  tests performed. Linked data within 
the same pregnancy showed that HBeAg testing was performed 
in 13.2% (range between the different age bands 10.1–15.2 yr) 
of women who were HBsAg positive, with 18.9% testing HBeAg 
positive. HBV DNA follow-up testing was performed in 37.9% 
(range between the age bands 34.6–43.6 yr) of women who 
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were HBsAg positive, of whom 95.8% had detectable DNA (sum-
marized in Appendix 1, supplemental Figure 2). In 2017, the 
Society of Obstetrics and Gynaecology Canada began to recom-
mend the use of third-trimester antivirals to reduce the risk of 
vertical transmission for women with HBV DNA levels above 
200 000 IU/mL.4 Of women who were tested for HBV DNA and 
had a detectable viral load, 17.5% (n = 273) would have met the 
criteria for treatment. The likelihood of HBV DNA levels being 
above the treatment threshold decreased with age among 
those with a completed HBV DNA test (27.7% < 26 yr to 6.7% 
> 40 yr) (Figure 1).

HBsAg positivity increased with age (Table 1), peaking among 
women older than 45 years, at 2.97% (n = 1551); a prevalence of 
5% (n = 475) was reported in this age group in the Central and 
Central East LHINs (Table 2). The Central and Central East LHINs 
also had the highest overall prevalence of HBsAg at 1.5% and 
1.1%, respectively (Figure 2). Uptake of follow-up HBV DNA test-
ing varied greatly by LHIN, from 8% (95% CI 4.95–12.1) to 46% 
(95% CI 43.4–48.8), which was not the case for HBsAg testing 
uptake (data not shown).

Comparison of prenatal HIV and HBV screening and 
prevalence
We found that prenatal HIV testing was performed in 95.6% of 
pregnancies, and of the 671 979 HIV tests (unique pregnancies) 
performed, 0.03% were positive.

Canadian-born children positive for HBV
Table 3 shows the number of Canadian- and non-Canadian-born 
children aged 0–11 years tested and diagnosed with HBV between 
2003 and 2013. In this period, 23 759 Canadian-born children were 

tested for HBsAg, compared with 3221 non-Canadian-born chil-
dren. Although more foreign-born than Canadian-born children 
tested positive per 1000 tested (24 v. 6 per 1000 tested), the abso-
lute number of Canadian-born children diagnosed with HBV 
before age 12 (n = 139), and thus their contribution to the overall 
pediatric HBV burden in the province, was greater than the num-
ber of foreign-born children who tested positive (n = 76). 

Interpretation

We found that prenatal screening for HBV in Ontario between 
2012 and 2016 was imperfect at 92.7%. Furthermore, at least 
139  children born in Ontario between 2003 and 2013 were 
infected with HBV before being eligible for adolescent vaccina-
tion, which highlights deficiencies in the current vaccine strat-
egy in Ontario. The National Advisory Committee on Immuniza-
tion states, “Epidemiological information demonstrating failure 
of universal prenatal screening and routine immunization pro-
grams (i.e., detection of HBV infection in infants and children 
awaiting immunization) should be collected and analyzed on an 
ongoing basis, so that appropriate changes can be made to 
existing HB immunization programs as needed.”15 Although it is 
difficult to extrapolate from our findings to estimate the total 
number of cases that could have been prevented by a strategy 
of universal birth dose vaccination because of the low propor-
tion of children tested and the unknown reasons for testing, our 
findings suggest that the Ontario HBV vaccine policy should be 
reassessed.

While universal HBV prenatal screening is recommended 
across Canada to prevent vertical transmission of infection, a 
recent study in Quebec showed that when vaccination status was 
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Figure 1: Hepatitis B virus (HBV) DNA subsequent testing and viral loads > 200 000 IU/mL, by age. Note: HBSAg = hepatitis B surface antigen. 
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known, only 72% of pregnant women were tested for HBsAg.16 In 
Ontario, prenatal care is provided by primary care physicians and 
nurse practitioners, midwives and obstetricians, often in combi-
nation. Yet, there is no centralized database to ensure initial and 
follow-up screening is occurring, nor whether children born to 
mothers positive for HBV receive postexposure prophylaxis. 
Importantly, many other provinces have centralized provincial 
databases for vaccination records, but Ontario continues to lag 
in this regard, making it difficult to understand whether children 
born in Canada acquired HBV as a result of vaccine failure or 
noncompletion, a lack of maternal HBV screening, or whether a 
caregiver was a household contact and not identified. 

We found that prenatal HBV testing occurred less often than 
HIV screening, suggesting that achieving high uptake is possible 

and that lower HBV screening rates may relate to poor screening 
implementation rather than a fundamental barrier. The fact that 
the prenatal prevalence of HBV is markedly higher than HIV, yet 
HIV screening is more consistently performed, suggests that 
chronic viral hepatitis (B and C virus) may be downplayed com-
pared with HIV.2

Furthermore, we found low rates of follow-up testing within 
the prenatal period for women who tested HBsAg positive, which 
varied greatly by region in Ontario, with 1  LHIN reporting HBV 
follow-up DNA testing of only 8%. HBeAg and HBV DNA testing are 
required to determine the need for prenatal antiviral therapy to 
reduce the risk of transmission and are important for subsequent 
maternal HBV follow-up after delivery. In our study, 273 women 
met the criteria for third trimester antiviral treatment. However, 

Table 1: Prevalence of prenatal HBV by maternal age, and positivity in subsequent 
testing 

Age group, 
yr

No. of women 
tested for HBsAg

HBsAg 
prevalence, % 

(95% CI)
HBeAg positivity, 

%*
HBV DNA 

positivity, %†

< 15 747 0.40 (0.08–0.12) Data suppressed‡ Data suppressed‡

15–20 30 772 0.07 (0.05–0.11) 0.0 100.0

21–25 97 619 0.40 (0.36–0.44) 26.3 96.5

26–30 209 978 0.62 (0.59–0.66) 25.1 96.1

31–35 208 536 0.67 (0.63–0.70) 17.3 95.6

36–40 86 891 0.87 (0.81–0.93) 11.0 96.0

41–45 15 651 1.17 (1.01–1.35) 5.9 92.9

> 45 1551 2.97 (2.18–3.94) 0.0 93.8

All – 0.63 (0.61–0.65) 18.9 95.8

Note: CI = confidence interval, HBeAg = hepatitis B e-antigen, HBsAg = hepatitis B surface antigen, HBV = hepatitis B virus.
*HBeAg positivity rate is only among those who are HBsAg positive and tested for HBeAg.
†HBV DNA positivity rate is only among those who are HBsAg positive and tested for HBV DNA.
‡Data suppressed as per rules of reporting by ICES for small cell numbers to avoid possible identification.

Table 2: Prevalence of prenatal HBsAg by maternal age in high-prevalence Local 
Health Integration Networks* 

Age group, 
yr

HBsAg positivity, % (95% CI)

Central East Central Toronto Central

< 15 0.00 1.15 (0.03–6.24) 1.35 (0.03–0.7.30)

15–20 0.13 (0.04–0.33) 0.20 (0.05–0.51) 0.37 (0.12–0.87)

21–25 0.85 (0.69–1.04) 1.18 (0.97–1.43) 1.25 (1.00–1.59)

26–30 1.29 (1.15–1.44) 1.66 (1.51–1.82) 0.85 (0.71–1.01)

31–35 0.99 (0.86–1.13) 1.43 (1.30–1.57) 0.74 (0.64–0.85)

36–40 1.21 (0.99–1.45) 1.62 (1.43–1.84) 0.86 (0.71–1.04)

41–45 1.54 (1.01–2.25) 2.07 (1.59–2.64) 1.22 (0.82–1.75)

> 45 5.14 (2.38–9.54) 5.00 (2.83–8.11) 2.06 (0.67–4.74)

All 1.08 (1.01–1.16) 1.51 (1.43–1.60) 0.85 (0.78–0.93)

Note: CI = confidence interval, HBsAg = hepatitis B surface antigen, LHIN = Local Health Integration Network.
*See Figure 2 for LHIN map.
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only 37.9% of women positive for HBsAg were tested for HBV DNA. 
If a similar proportion of women had met treatment criteria 
among those not tested for HBV DNA, 447  women may have 
missed additional interventions.

Universal adolescent vaccination for HBV began in a 
school-based setting in Ontario in 1997, with one rationale for 
vaccinating at this time being the potential for waning immu-
nity in adulthood, leaving individuals unprotected or requiring 
a booster. However, long-term follow-up studies from Asia 

have shown no significant waning immunity, with a similar risk 
of infection in adulthood of individuals vaccinated at birth 
compared with vaccination in adolescence.17–19 Furthermore, 
the consequences of HBV acquisition in adulthood are rela-
tively low, given the high rate of spontaneous clearance of HBV 
among newly infected adults.3

A recent publication showed that only 86.3% of 17-year-olds 
in Ontario had received 1 or more HBV immunization doses,20 
and from 2013–2018, the average vaccination coverage among 
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13 North East 0.07 0.04–0.11

14 North West 0.06 0.03–0.12

Figure 2: Prevalence of prenatal hepatitis B among those screened 2012–2016, by Ontario region. Note: CI = confidence interval, HBSAg = hepatitis B 
surface antigen.

Table 3: Cases of hepatitis B virus (HBV) among Canadian-born versus non-Canadian born children aged 
0–11 years who were tested for HBV from 2003 to 2013

Age groups, 
yr

Canadian-born Foreign-born Combined

Tested Positive
Cases 

per 1000 Tested Positive
Cases 

per 1000 Tested Positive
Cases 

per 1000

0–3 12 134 73 6 767 7 9 12 901 80 6

4–7 5984 30 5 953 26 27 6937 56 8

8–11 5641 36 6 1501 43 29 7142 79 11

Total 23 759 139 6 3221 76 24 26 980 215 8
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those aged 12 years was 70.0% (range for years 68.6–71.7), with 
some public health units reporting rates as low as 50%–60% in 
2017–2018.21 Thus, even in the context of adolescent vaccination, 
coverage is suboptimal.

In 1991, the United States introduced universal birth dose 
vaccination, and catch-up vaccination for children and adoles-
cents,22 with widespread acceptance by 1996.23 Between 1993 
and 2000, vaccination rates among children aged 19–35 months 
went from 16% to 90%,24 and 90% of children born to a mother 
positive for HBV infection have received hepatitis B immunoglob-
ulin and birth dose vaccination.24 This strategy appears to have 
been effective, as acute HBV infection in children aged 1–9 years 
declined by more than 80% from 1986 to 2000.24 Birth dose vacci-
nation is particularly important in Canada, given the relatively 
high foreign-born population from HBV-endemic countries. Birth 
dose vaccination would ensure that infants are protected from 
HBV acquisition if maternal screening is missed, but would also 
protect them from infection from other household contacts or 
caregivers, some of whom may not be aware of their HBV status. 
Preventing childhood infection is critical to prevent the long-
term consequences of chronic HBV infection.

Our observation that 139 children born in Ontario were found 
to be HBsAg positive before age 12 years strongly suggests that the 
infection occurred either because of lack of postexposure inter-
ventions if these children were born to mothers positive for HBsAg 
who were not screened, or that HBV was acquired from other 
household contacts such as fathers,25 grandparents or other care-
givers. In any case, these infections likely would have been pre-
vented if universal birth dose vaccination was the standard of care. 
It is recommended to vaccinate all household contacts of individu-
als with HBV infection, yet no comprehensive system exists to vac-
cinate children living with carriers of HBV. Indeed, the 139 children 
who received the diagnosis before adolescent vaccination repre-
sents a minimum number for the province, because diagnosis 
requires testing and not all pre-adolescent children are tested.

Limitations
Time frames for data acquisition were related to availability of 
high-quality data. Notably, we were unable to acquire pediatric 
data later than 2013, as the Ontario Provincial Laboratory is not 
yet linked past this date, and high-quality PHOL data were not 
available until 2010, while BORN Ontario data were not available 
until 2012. Although the BORN Ontario database is the most com-
prehensive obstetric data source in Ontario, it does not capture 
pregnancies that lead to spontaneous or planned abortions or 
multiple gestations. Additionally, testing could occur within 2 dif-
ferent pregnancies within the 259-day window, leading to under-
reporting as the result of our excluding the second HBsAg test. 
Administrative data from both PHOL and ICES have additional lim-
itations, including missing data, which may slightly underestimate 
or overestimate reporting. Finally, a centralized database does not 
exist to determine hepatitis B immunoglobulin or HBV vaccine 
doses given to high-risk infants, and our administrative database 
does not capture these interventions. This limits our ability to 
determine the source of infection in the Canadian-born children 
found to be HBsAg positive before adolescent vaccination.

Conclusion
Prenatal HBV screening in Ontario is not universal and follow-up 
testing after a positive HBsAg test is low, leaving the potential for 
vertical HBV transmission. The number of children born in 
Ontario who tested positive for HBsAg before adolescent vacci-
nation suggests that the current vaccine policy in Ontario is sub-
optimal. These data support adopting birth dose HBV vaccina-
tion in Ontario and reflex HBeAg and HBV DNA testing for women 
who test HBsAg positive (testing on initial positive HBsAg sam-
ple), and establishing data collection tools for hepatitis B immu-
noglobulin and vaccinations to ensure that HBV transmission is 
minimized in the province.
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