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Objectives: Prevention of vertical HIV transmission has evolved significantly in
Canada over the last two decades. The aim of this analysis is to describe the surveillance
programme used, rate of vertical HIV transmission and changing epidemiology of
HIV-affected pregnancies in Canada.

Design: National perinatal HIV surveillance programme.

Methods: From 1990, annual retrospective data was collected on demographic and
clinical characteristics of HIV-infected mothers and their infants referred to 22 participat-
ing sites across Canada either before/during pregnancy or within 3 months after delivery.
Factors impacting HIV transmission and demographic features were explored.

Results: Two thousand, six hundred and ninety-two mother–infant pairs were ident-
ified. The overall rate of vertical HIV transmission was 5.2%, declining to 2.9% since
1997. The rate of transmission for mothers who received HAART was 1%, and 0.4% if
more than 4 weeks of HAART was given. Forty percent of women delivered by
caesarean section, with no difference in transmission rate compared with vaginal
delivery for women treated with HAART (1.4 vs. 0.6%, P¼0.129) but significant risk
reduction for those who did not receive HAART (3.8 vs. 10.3%, P¼0.016). Black
women were the largest group; proportions of black and aboriginal women increased
significantly over time (P<0.001 for both). Heterosexual contact was the most common
risk category for maternal infection (65%), followed by injection drug use (IDU) (25%).

Conclusion: Vertical HIV transmission in Canada has decreased dramatically for
women treated with HAART therapy. All pregnant women should be evaluated for
HIV infection and programmes expanded to reach vulnerable populations including
aboriginal, immigrant and IDU women.
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Introduction

HIV infection in children remains a significant health
issue, both globally for the estimated 2.5 million children
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living with HIV worldwide [1] and for the approximately
300 children presently known to be infected who are
being cared for in Canada [2]. As almost all paediatric
HIV infections are the result of vertical transmission from
thorized reproduction of this article is prohibited.

, University of British Columbia, Vancouver, British Columbia,
niversity of Ottawa, Ottawa, dDepartment of Pediatrics, The

eDepartment of Obstetrics and Gynecology, Women’s Health
Centre, University of British Columbia, fCIHR Canadian HIV

f Pediatrics, Centre Hospitalier Universitaire Sainte-Justine,

ak Street – B4 West, Children’s and Women’s Health Centre of

cw.bc.ca
d: 20 December 2011.

alth | Lippincott Williams & Wilkins 757

mailto:aalimenti@cw.bc.ca
http://dx.doi.org/10.1097/QAD.0b013e328350995c


Co

758 AIDS 2012, Vol 26 No 6
mother to child, understanding the contributing issues is
vital. The overall risk of vertical HIV transmission in
the absence of any intervention ranges from approxi-
mately 15 to 40% [3–7]. One of the most significant
achievements in HIV has been the development of
effective strategies for the prevention of mother-to-child
transmission. With the current regimen of providing
appropriate combination antiretroviral therapy (ART) to
pregnant women beginning in the second trimester or
earlier, intrapartum intravenous zidovudine, 6 weeks of
oral ART to the infant and exclusive formula feeding, the
risk of vertical transmission can be reduced to less than 2%
[8,9]. The failures in prevention of vertical transmission
have been reported to be due to failure of timely diagnosis
of HIV in pregnant women, failure to control HIV
replication because of inadequate implementation of
standard of care interventions or because of nonadherence
to therapy [10–15].

In order to understand the extent and nature of the
epidemic as it affects vertically exposed children, the
Canadian Perinatal HIV Surveillance Program (CPHSP)
was initiated in 1990 under the auspices of the Canadian
Pediatric AIDS Research Group (CPARG). Since then, it
has remained an active surveillance programme generat-
ing national data annually pertaining to the status of
infants and children born to women identified with HIV
infection living in Canada. The overall objectives of the
programme are to determine, first, the annual burden of
perinatal exposure to HIV infection; second, the number
of HIV-infected children living in Canada; and, third, an
estimate of vertical transmission rates and associated
cofactors. The purpose of this article is to describe the
vertical HIV transmission in Canada between 1990 and
2010 and the changing epidemiology of HIV-affected
pregnancies.
Methods

Canadian Perinatal HIV Surveillance Program
Twenty-two HIV referral health centres and health
departments from all Canadian provinces and territories
participate in CPHSP. In the 10 provinces, there are
19 sites which provide tertiary obstetric and/or paediatric
care to the province or regional area. In the three
northern territories, the participating sites are the public
health units for each territory. Management of the
programme is coordinated in British Columbia. Data
management and analysis is provided by the Canadian
Institutes of Health Research – Canadian HIV Trials
Network (CTN). Support for the programme is provided
by the Public Health Agency of Canada (PHAC). Ethical
approval for this surveillance programme was obtained
from the research ethics boards of the participating
centres. Summary data is submitted annually to the HIV/
AIDS Surveillance Section, Surveillance and Risk
pyright © Lippincott Williams & Wilkins. Unautho
Assessment Division at PHAC and reported in its
publication ‘HIV and AIDS in Canada’ [16].

Data collection
Mother–infant pairs are enrolled through the participat-
ing sites upon obstetric or paediatric referral. Irrespective
of the location of delivery or subsequent care received,
the identified mother–infant pairs are registered by the
participating sites. Retrospective chart reviews of
identified mothers and infants are collated annually and
clinical, demographic and HIV outcome data are
submitted. Data collected include maternal country of
birth, self-reported race/ethnicity according to national
surveillance definitions, maternal risk category for
acquiring HIV, antiretroviral regimen and duration of
therapy in pregnancy, mode of delivery, gestational age
and birth weight. The subsequent HIV status of the infant
is reported with confirmation by virologic testing for
HIV by PCR or peripheral blood mononuclear cell viral
culture (confirmed on two separate samples) and/or by
HIV serology beyond 18 months of life. Indeterminate
HIV status refers to infants whose HIV status has not been
finalized by these criteria.

Until 2007, data were reported manually by each centre
to the CTN, but this is now done using a secure web-
based Oracle database. Security controls of the database
are installed according to CTN protocols for data
confidentiality, integrity and availability. The database
has standardized screens and built-in checks to allow for
more complete and accurate data collection. Mother–
infant pairs are entered using a pseudonymous site-
specific code. Only de-identified data are available to the
CTN and the study investigator group.

Study population
This analysis on vertical transmission was restricted to
infants born in Canada to women with documented
HIV infection who were referred to one of the
participating sites, either before or during pregnancy or
within 3 months after delivery. Maternal treatment was
differentiated into ART regimens, defined as one or two
nucleoside reverse transcriptase inhibitors (RTIs), or
HAART regimens, defined as three drugs, typically
including two nucleoside RTIs with either a protease
inhibitor or a nonnucleoside RTI.

Statistical analysis
Summary statistics were used to describe the demo-
graphic characteristics of the population. Least-square
regression statistical analysis was used to test the
significance of time trend. Changes in time trends
were formally tested using piecewise linear regression
analysis. The rate of vertical HIV transmission across
different populations was compared using Fisher’s exact
test. Analyses were conducted using the R statistical
package.
rized reproduction of this article is prohibited.
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Table 1. Vertical transmission according to prescribed maternal
antiretroviral therapy.

Period HAART ART No therapy Total

1990–1996
Mother–infant pairs (n) 0 154 208 362
Infected infants (n) 0 10 63 73
Transmission rate (%) 0 6.5 30.3 20.2

1997–2010
Mother–infant pairs (n) 1707 322 268 2297
Infected infants (n) 17 5 44 66
Transmission rate (%) 1.0 1.6 16.4 2.9

HAART refers to antiretroviral regimens with three drugs including
two nucleoside reverse transcriptase inhibitors (RTIs) with either a
protease inhibitor or nonnucleoside RTI; ART refers to antiretroviral
regimens that have one or two nucleoside RTIs. The data excludes
mother–infant pairs for whom final infant HIV status was unknown
(n¼33).
Results

Vertical transmission and maternal antiretroviral
therapy received
Two thousand, six hundred and ninety-two mother–
infant pairs identified between January 1990 and
December 2010 met the inclusion criteria. Ninety-five
percent of the mother–infant pairs were identified
before birth. Comparisons between the January 1990
to December 1996 (period 1) and January 1997 to
December 2010 (period 2) cohorts were made as the
approach to therapy during pregnancy changed signifi-
cantly in 1997. The number of mother–infant pairs
reported increased from 372 (53.1 per year) in period 1 to
2320 (165.7 per year) in period 2. Final HIV status was
available for 99% of infants. A total of 33 infants lost to
follow-up prior to 18 months of age and before
completion of virologic testing were classified as having
indeterminate HIV status, including 10 (2.7%) in period
1 and 23 (1.0%) in period 2. Infants with indeterminate
status were excluded from the vertical transmission
analysis.

The percentage of mothers who received ART during
pregnancy and the percentage of infected infants are
depicted in Figure 1. A decline in vertical transmission
was observed following the rapid uptake of maternal
antenatal ART regimens after 1994, and an even greater
decline with the uptake of maternal HAART regimens
after 1996.

The rates of vertical HIV transmission by period and
maternal ARTreceived are shown in Table 1. The overall
rate of transmission in the entire cohort (excluding cases
with indeterminate status) was 5.2%, declining from
20.2% in period 1 to 2.9% in period 2. The latter period
included 86% of the mother–infant pairs and all the
Copyright © Lippincott Williams & Wilkins. Unaut
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Fig. 1. Changes in maternal antiretroviral therapy and ver-
tical transmission rate over time. HAART refers to antiretro-
viral regimens with three drugs including two nucleoside
reverse transcriptase inhibitors (RTIs) with either a protease
inhibitor or nonnucleoside RTI; antiretroviral therapy (ART)
refers to antiretroviral regimens that have one or two nucleo-
side RTIs.
pregnancies treated with HAART. In this period, the
rate of vertical transmission was 1% (17 of 1707) for
mothers who received HAART, 1.6% (five of 322) for
women prescribed mono-therapy or dual-therapy with
nucleoside RTI (ART) and 16.4% (44 of 268) for
women who received no ART. For mothers who
initiated HAART more than 4 weeks before delivery, the
transmission rate was 0.4% (six of 1585). The transmission
rate increased to 9.0% for 122 women who received less
than 4 weeks of HAART. For 305 women receiving more
than 4 weeks of ART (but not HAART) in the same
period, the transmission rate was 1.6%.

Mode of delivery
Mode of delivery was consistently collected from 1999;
however, no additional data regarding the indications for
the mode of delivery or the duration of ruptured
membranes were collected. For the period of 1999–
2010, there were 1217 vaginal and 855 caesarean section
deliveries, giving an overall caesarean section rate of
40.3% (annual rates ranged from 35 to 55%). The rates of
vertical transmission for vaginal and caesarean section
deliveries were 2.8 and 1.9%, respectively (P¼ 0.193).
For women who received HAART, vertical transmission
rates were 0.6% (six of 946) for vaginal deliveries and
1.4% (10 of 699) for caesarean deliveries (P¼ 0.129). For
women who received ART or no therapy, the rate of
transmission was 10.3% (28 of 271) for vaginal deliveries
and 3.8% (six of 156) for caesarean deliveries (P¼ 0.016).
Data distinguishing emergency and elective caesarean
sections were consistently reported after 2007: there were
864 deliveries of which 519 (60.0%) were vaginal
deliveries, 111 (12.8%) emergency caesarean deliveries
and 215 (24.9%) elective caesarean deliveries. The
numbers of infected infants in each group were
13 (2.5%), one (0.9%) and three (1.4%), respectively
(P¼ 0.514).

Regional distribution
Ninety percent of mother–infant pairs were from
Ontario (33%), Québec (28%), British Columbia
horized reproduction of this article is prohibited.
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Fig. 2. Trend in regional distribution of mother–infant pairs
over time. Northwest territories/Yukon data are not plotted
(one reported case from 1990–2009).
(15%) or Alberta (14%). Saskatchewan and Manitoba
together accounted for 9% and the Atlantic Provinces
(New Brunswick, Nova Scotia, Prince Edward Island and
Newfoundland and Labrador) for 1% of cases. There was
only one reported case in total for Northwest Territories,
Nunavut and Yukon. Regional trends over time are
shown in Figure 2. In period 2, a gradual increase
in mother–infant pairs in Ontario, Québec, British
Columbia, Alberta, Saskatchewan and Manitoba was
observed (P< 0.001). In British Columbia, numbers
increased steadily prior to 2002, but at a slower rate
thereafter compared with Ontario, Alberta and Saskatch-
ewan (P< 0.005). In Saskatchewan, there was a steady
increase in mother–infant pairs after 2003 (P< 0.001).
In the Atlantic Provinces, numbers have remained
extremely low.

Maternal race/ethnicity
Self-reported maternal race/ethnicity was classified
as black (46%), white (28%), aboriginal (19%), Asian
or South Asian (3%), Latin American (1%) and other
or unknown (3%). The trend of the absolute numbers
of women in each group over time is shown in Figure 3.
pyright © Lippincott Williams & Wilkins. Unautho
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Fig. 3. Trend in maternal race/ethnicity over time.
The overall proportion of white women declined from
47% in period 1 to 25% in period 2, whereas the
proportion of black and aboriginal women increased from
35 to 48% and 14 to 20%, respectively. The number of
black mother–infant pairs increased steadily (P< 0.001)
and at a faster rate since 2000 (P¼ 0.046). The increase in
births to HIV-infected aboriginal women also increased
(P< 0.001), although in a less pronounced manner
(P< 0.001). Black race predominated in Québec (65%)
and Ontario (59%); aboriginal ethnicity was most
common in Alberta (46%), Saskatchewan (86%) and
Manitoba (59%). A steady increase in the number of
HIV-infected women born outside Canada was evident
over the study period, whereas Canadian-born women
remained fairly constant since 2000. The largest increase
was in women of African origin, from 14% in 1990 to
1996 to 35% in 1997–2010 (data not shown).

Maternal risk category for HIV infection
Heterosexual contact was the most common reported risk
category for HIVacquisition among women in the cohort
(65%). IDU accounted for 25% and receipt of blood/
blood products for 1%. IDU was preferentially selected
over heterosexual contact if both were reported. Fifteen
women who became pregnant after 2005 were themselves
infected through vertical transmission (0.6%). Risk
category was unknown for 8% of cases. The number
of women whose risk factor was heterosexual acquisition
rose over the course of the study (P< 0.001), whereas the
number of women whose primary risk factor was IDU
remained stable between 1995 and 2010 (P¼ 0.812 for
the null hypothesis of no trend).
Discussion

The CPHSP is an important national tool that allows
for the determination of HIV vertical transmission rates,
identification of demographic trends in the national
epidemic among HIV-infected women of child-bearing
age and detection of gaps or failures in the prevention
of vertical transmission programmes. The CPHSP
surveillance shows that the rate of vertical transmission
from women whose HIV status was known during
pregnancy or within 3 months after delivery has declined
substantially, from 20.2 to 2.9% after 1997 when HAART
became the standard of care in Canada. For women
who received antenatal HAART vertical transmission
was 1%, a rate similar to that observed during the
HAARTera in other developed countries such as the UK
and Ireland, France, Australia, Sweden and the USA
[8,9,17–19]. The extraordinary impact of current
preventive strategies is further exemplified by the fact
that since 1997, the rate of transmission was only 0.4%
when maternal HAART was initiated at least 4 weeks
prior to delivery. This is similar to the findings reported
by Townsend et al. of a 0.8% transmission rate in women
rized reproduction of this article is prohibited.
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receiving at least 2 weeks of HAART before delivery in
the UK and Ireland [8]. Likewise, Townsend et al. [8] and
Warzawski et al. [9] in France found very low rates of
transmission of 0.1–0.4% when mothers had undetect-
able viral loads at delivery. In the CPHSP since 1997,
those mothers who received ARTother than HAART for
more than 4 weeks had a higher transmission rate of 1.6%,
whereas those who received no therapy had the highest
transmission rate of 16.4%.

The study population for this analysis included all
mother–infant pairs identified prior to or during
pregnancy and within 3 months after delivery. These
defined inclusion criteria were chosen to include those
mother–infant pairs who potentially could have bene-
fited from appropriate antenatal care and ART. The
number of mother–infant pairs in the CPHSP dataset
who were identified 3–9 months after delivery decreased
from an average of 5.4 per year in period 1 (1990–1996)
to 1.7 per year for period 2 (1997–2010). The decline
in late identifications is suggestive of an improvement
in the early identification of HIV-affected pregnancies.
Of the infants born in period 2, 50% were infected
(CPHSP data, not shown). The high rate of transmission
suggests risk factors associated with high HIV viral
load seen with more advanced disease or recent HIV
infection.

Although there has been substantial improvement in the
implementation of measures to reduce vertical trans-
mission in Canada, significant gaps remain both with
respect to timely diagnosis and to provision of and access
to antenatal HAART. There is limited published data
describing the uptake of antenatal HIV testing in women
across Canada. Updated information available in Ontario
suggests 95% of women are tested in their current
pregnancy [20], whereas older publications from Nova
Scotia, British Columbia and Alberta document testing
rates between 72 and 96% [21–23]. Rates of antenatal
testing greater than 95% occur in provinces with the
highest HIV prevalence which include Ontario, Québec,
British Columbia and Alberta. On the basis of these rates
of testing, we estimate that over 90% of HIV-infected
pregnant women and/or their infants are referred to or
registered with the participating sites. Furthermore, as
paediatric HIV care and therapy is coordinated through
the participating sites, we are confident that all known
HIV-infected children who acquired their infection in
Canada are accounted for in the database.

Although the current actual percentages of women not
tested in pregnancy across Canada are not completely
clear, it is likely that some of these women are from
marginalized populations who do not access antenatal
care and are potentially at greater risk of HIV infection
[21]. Among women tested early in pregnancy, repeat
testing later in gestation for those at risk of late pregnancy
HIV acquisition is not systematically undertaken, despite
Copyright © Lippincott Williams & Wilkins. Unaut
expert guidelines recommending this approach [24]. A
third concern is the incomplete provision of ART to
women who are diagnosed with HIV infection during
pregnancy. This latter point is exemplified by the fact that
268 HIV-infected women identified after January 1997 in
our cohort received no ART during pregnancy.
Furthermore, the proportion of women who received
either no antenatal ART (range 7–13% per year) or were
prescribed less than three antiretroviral medications
(range 2–6% per year) has not declined significantly
since 2006. The complete lack of therapy in some
cases may be due to maternal diagnosis at delivery
or within 3 months after the infant’s birth. Exploring
the reasons for these missed opportunities, however,
will be important in the future if further reduction
in vertical HIV transmission rate is to be achieved
in Canada.

The overall rate of vertical transmission was lower but not
statistically different for women who delivered by
caesarean section compared with those women who
delivered vaginally. In cases in which women received
HAART, the rate of transmission was lower for vaginal
deliveries, but did not reach statistical significance
(P¼ 0.129). However, for women who received sub-
optimal therapy or no therapy, there was a significantly
lower transmission rate for those delivered by caesarean
section (P¼ 0.016). The high overall rate of caesarean
sections (40%) may have been influenced by previous
guideline recommendations [25]. There was no signifi-
cant decrease in the caesarean section rate after 1999,
despite a change in practice in Canadian centres to offer
women the option of vaginal delivery if they have an
undetectable HIV viral load with appropriate ART. The
reporting on whether caesarean sections were elective or
emergency procedures was inconsistent prior to 2007.
Since then, however, two-thirds of caesarean sections
were noted to be elective procedures. The number of
infected infants in each caesarean section group is small
and further study of this issue will be important.

The demographic profile of HIV-infected women varies
widely across Canada and may reflect the distribution
of different racial groups and immigrant populations.
Aboriginal and black women make up 19 and 46%,
respectively, of the HIV-infected pregnant women in this
study and are disproportionately represented, as these
groups constitute only 3.8 and 2.5%, respectively, of
the Canadian population [26]. Aboriginal women
predominated in western provinces (British Columbia,
Alberta, Saskatchewan and Manitoba) where they
accounted for 30–86% of mothers. In Ontario and
Québec, approximately 60% of mothers were black
women from Africa and the Caribbean, a reflection of
immigration patterns to these provinces. Since 2002,
more of the identified women were not born in
Canada, likely reflecting both immigration patterns and
differences of child-bearing choices among different
horized reproduction of this article is prohibited.



Co

762 AIDS 2012, Vol 26 No 6
cultures. As might be expected, these observed trends
in pregnant HIV-infected women closely mirror the
overall trends amongst HIV-infected women in Canada
[16,27].

The majority of women in our cohort were infected
by heterosexual contact, a finding consistent with
other countries [28,29]. Heterosexual transmission was
particularly prevalent among immigrant women, being
reported as the key risk category in 86% of cases. IDU,
identified as the main risk category for 25% of women
across the country, was more prevalent in British
Columbia (47%), Alberta (36%), Saskatchewan (78%)
and Manitoba (41%). Among aboriginal women, IDU
was reported as the key risk category in 63% of cases.
These observations reinforce the need to direct
further study and resources toward more vulnerable
populations, including immigrant and aboriginal women
as well as women who use injection drugs, if ongoing
vertical HIV transmission is to be curtailed further.

There are several limitations to this study. First, this
analysis is primarily based on retrospective data collection.
The database was designed so that data from previously
entered mother–infant pairs can be updated at any time
and new cases can be entered as they occur. Since the
web-based data collection was introduced, the data
collection is more efficient and complete. Second, loss to
follow-up prior to finalizing the infant’s HIV status may
be a limitation; however this was noted in only 1.0% of
cases since 1997 and there have been no cases lost to
follow-up since 2008. Third, women who were not
diagnosed during pregnancy or the immediate post-
partum period and whose infants remained unidentified
beyond 3 months of age are not included. However, the
numbers of missed cases is decreasing in period 2, as
the uptake of HIV testing during pregnancy in Canada
has improved [20]. Fourth, although all the main
referral centres from each geographic area are used for
data collection, possible referral bias remains. Although
missed cases outside these major referral centres are likely
to be relatively few, the CPHSP is recruiting additional
regional centres that have begun to provide service to
HIV-infected pregnant women to minimize this further.

In conclusion, the CPHSP database is a valuable tool that
provides robust annual surveillance data on vertical HIV
transmission in Canada. We believe this model could be
emulated by other countries or jurisdictions seeking to
improve their surveillance data at relatively low cost. The
consistent and relatively complete data collected by a
web-based, secure system can be used to report on
different population groups and regions to inform
programmes and allocation of resources. The findings
indicate that although rates of vertical transmission of
HIV in Canada are very low for women who receive
HAART, transmissions unfortunately continue to occur.
All pregnant women should be evaluated for HIV
pyright © Lippincott Williams & Wilkins. Unautho
infection as early in pregnancy as possible and again later
in pregnancy, and programmes should be modified to
ensure that they are accessible to the more vulnerable and
marginalized populations which may include aboriginal,
immigrant women and IDU women. These demographic
observations as they relate to vertical transmission risk
should be used to inform further policy development
and resource allocation for prevention of vertical
transmission programming in Canada.
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