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Abstract

Background: The impact of expert guidelines on the prevention of neonatal group
B streptococcal (GBS) disease has not been studied in Canada. Our aim was to
determine physician practices with regard to this condition before and after pub-
lication of Canadian guidelines and to monitor concurrent trends in the inci-
dence of neonatal GBS disease.

Methods: We used repeat cross-sectional surveys, distributed by mail to all family
practitioners and obstetricians attending deliveries in Alberta and in the Metro-
politan Toronto and Peel region, Ontario, in 1994, 1995 and 1997, to docu-
ment prevention practices. Audits were conducted for a subset of respondents to
confirm reported practices. Population-based surveillance involving all microbi-
ology laboratories in both regions for 1995–1998 was used to document rates of
neonatal disease.

Results: The overall survey response rates were as follows: for 1994, 1128/1458
(77%); for 1995, 1054/1450 (73%); and for 1997, 1030/1421 (72%). During
1995 and 1997, significantly more obstetric care providers were screening at
least 75% of pregnant women in their practices than had been the case in 1994
(747/916 [82%] and 693/812 [85%] v. 754/981 [77%]; p < 0.001). The percent-
age of obstetric care providers who reported practice that conformed com-
pletely with any of 3 consensus prevention strategies increased from 10% in
1994 to 29% in 1997 (p < 0.001). There was a concurrent overall significant de-
crease in incidence of neonatal GBS disease during the same period.

Interpretation: The adoption by Canadian obstetric care providers of neonatal GBS
prevention practices recommended by expert groups was slow but improved
significantly over time. These findings highlight the difficulties associated with
achieving compliance with diverse and frequently changing recommendations.
However, the associated incidence of neonatal GBS disease, which was low or
declining, suggests that efforts to disseminate current GBS prevention guidelines
have been moderately successful.

Group B streptococcus (GBS; causative organism Streptococcus agalactiae) is
the most frequent cause of serious neonatal infection in North America.1–5

Although there is agreement in the literature about the effectiveness of in-
trapartum antibiotic chemoprophylaxis,6,7 controversy has arisen as to how best to
identify which women should receive such therapy. Many different approaches have
been presented.8–12 In Canada the 1994 consensus policy statement by the Canadian
Paediatric Society and the Society of Obstetricians and Gynaecologists of Canada13,14

recommended 1 of 2 approaches (Table 1). The first was the risk-based approach
first recommended by the American College of Obstetricians and Gynecologists,15,19

Physicians’ prevention practices 
and incidence of neonatal group B
streptococcal disease in 2 Canadian
regions

H. Dele Davies,*†‡ Carol E. Adair,‡ Anne Schuchat,§

Donald E. Low,¶ Reg S. Sauve,*‡ Allison McGeer,¶

the Alberta Neonatal Group B Streptococcal Network**

and the Toronto Invasive Bacterial Diseases Network**

CMAJ • FEB. 20, 2001; 164 (4) 479

© 2001  Canadian Medical Association or its licensors



and the second was the screening-based approach of the
American Academy of Pediatrics.18 In 1997 the Society of
Obstetricians and Gynaecologists of Canada20 endorsed a
US joint consensus guideline that recommended either later
screening or a risk-based approach.16

Considerable evidence exists that implementation of any
one of these guidelines significantly reduces the risk of early-
onset neonatal GBS disease.16 However, implementation is
complex, and initial surveys of practice suggested that guide-
line adoption was slow.21–25 We undertook this study to assess
changes in obstetric practice and neonatal GBS disease in 2
Canadian regions after the introduction of guidelines.

Methods

All physicians providing obstetric care in Alberta (population 

2 688 100, with 39 654 live births in 1994) and the Metropolitan
Toronto and Peel region, Ontario (population 3 124 554, with 
49 054 live births), were identified by contacting all hospitals serv-
ing residents of these 2 areas in 1994. The lists of physicians were
updated in 1995 and 1997.

The survey instrument was developed by a group of pediatri-
cians, obstetricians and epidemiologists, all of whom were mem-
bers of one of the investigating networks, and included questions
related to knowledge of neonatal GBS disease and to attitudes and
practices related to screening and intrapartum prophylaxis. The
survey was pretested on a sample of physicians from both regions
(45 in total). Surveys were conducted in 1994, 1995 and 1997.
The surveys were distributed by means of 2 mailings and a re-
minder card.26 Toronto physicians preferring anonymity could
tear off an identifying number.

All microbiology laboratories serving residents of Alberta (n =
38) and the Metropolitan Toronto and Peel region (n = 32) par-
ticipated in active surveillance for invasive early-onset GBS dis-
ease, defined as isolation of GBS from a normally sterile site in in-
fants younger than 7 days of age. Monthly telephone calls and
annual audits were used to ensure that no cases were missed.

A subset of 400 deliveries was randomly selected from all
births to mothers resident in Metropolitan Toronto and Peel re-
gion in 1995–1996. For each delivery, maternal and neonatal
charts were reviewed, and abstracted data were compared with re-
ported practice of the care provider who had most responsibility
for prenatal care.

All study elements were approved by the ethics boards of the
Universities of Calgary and Toronto.

Responses to specific questions were combined to identify prac-
tice patterns congruent with 3 preventive strategies (strategies A, B
and C in Table 1). Practice was defined as congruent with strategy
A if the physician reported no routine screening, provision of pro-
phylaxis to all women with risk factors and correct identification of
risk factors. Practice congruent with strategy B involved screening
of more than 95% of pregnant women by means of vaginal or
combined vaginal–anorectal swabs at 26–28 weeks, with prophy-
laxis given to women with colonization and risk factors or to
women with risk factors and unknown colonization status. Practice
congruent with strategy C involved screening of more than 95% of
pregnant women by means of vaginal or combined swabs at 35–37
weeks, with antibiotics given to all women with colonization, as
well as women with preterm delivery, those with a prior infant
with GBS and those with GBS bacteriuria.

We used χ2 tests to test differences in proportions. The χ2 ap-
proximation for Poisson counts was used to compare rates of GBS
disease across years. For Alberta data, generalized estimating
equations27 were used to model correlates of conformity to prac-
tice patterns, while adjusting for the correlations in data resulting
from the same individuals responding up to 3 times. This analysis
could not be performed for the Toronto data, because 25% of the
surveys were returned anonymously.

Results

The overall survey response rates were 77% in 1994
(675/884 [76%] for Alberta and 453/574 [79%] for
Toronto), 73% in 1995 (651/888 [73%] for Alberta and
403/562 [72%] for Toronto) and 72% in 1997 (655/855
[77%] for Alberta and 375/566 [66%] for Toronto). Family
practitioners accounted for 89% of obstetric providers in
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Table 1. Summary of expert screening guidelines for pre-
vention of early-onset neonatal group B streptococcal (GBS)
infections

Prevention strategy Groups endorsing strategy

(A) No universal screening, but
intrapartum chemoprophylaxis
for all women with identified
risk factors*

American College of Obstetricians
  and Gynecologists (in 1993)15

Canadian consensus group† (in
  1994)13,14

Centers for Disease Control and
  Prevention, American College of
  Obstetricians and Gynecologists,
  and American Academy of
  Pediatrics‡ (in 1996)16,17

(B) Universal antenatal
screening at 26–28 weeks
gestational age with a single
combined vaginal–anorectal
swab and selective intrapartum
chemoprophylaxis for GBS
culture-positive women with
identified risk factors or
women with risk factors and
unknown colonization status

American Academy of Pediatrics (in
  1992)18

Canadian consensus group† (in
  1994)13,14

(C) Universal antenatal
screening at 35–37 weeks
gestational age with a single
combined vaginal–anorectal
swab and intrapartum
chemoprophylaxis for all GBS
carriers, and all women with
preterm delivery, a prior infant
with GBS or GBS bacteriuria

Centers for Disease Control and
  Prevention, American College of
  Obstetricians and Gynecologists,
  and American Academy of
  Pediatrics‡ (in 1996)16,17

*Risk factors: preterm labour (< 37 weeks gestational age), term labour (≥ 37 weeks gestational
age) with either prolonged rupture of membranes (> 18 hours) or maternal fever (temperature
> 38.0°C), previous delivery of a newborn with GBS disease, and previously documented GBS
bacteriuria.
†Either strategy A or B is acceptable. The antibiotic regimen of choice is ampicillin (2 g
intravenously initially, followed by 1–2 g intravenously every 4–6 hours) or penicillin G (5
million units every 6 hours) until delivery or until labour is stopped. Women with allergy to
penicillin may be given clindamycin (300–600 mg intravenously every 8 hours). The
Canadian consensus group consisted of the Canadian Paediatric Society and the Society of
Obstetricians and Gynaecologists of Canada.
‡Either strategy A or C is acceptable. Antibiotic regimen of choice is penicillin G (5 million
units intravenous load, followed by 2.5 million units intravenously every 4 hours until
delivery) or ampicillin (2 g initially, followed by 1 g every 4 hours) or until delivery or until
labour is stopped. Women with allergy to penicillin may be given clindamycin (900 mg
intravenously every 8 hours) or erythromycin (500 mg intravenously every 6 hours) until
delivery.



Alberta and 64% in Toronto. Most family practitioners
(more than 94%) attended fewer than 100 deliveries annu-
ally, whereas most obstetricians (more than 80%) attended
more than 100 deliveries per year.

In 1994, 754/981 (77%) of physicians reported screen-
ing at least 75% of their pregnant patients for GBS. Dur-
ing 1995 and 1997, significantly more physicians were
screening at least 75% of their pregnant patients (747/916
[82%] in 1995, 693/812 [85%] in 1997, p < 0.001). Family
practitioners were more likely to report routine antenatal
screening than obstetricians (in 1994, 618/776 [80%] v.
136/205 [66%]; in 1997, 544/622 [87%] v. 149/190 [78%],
p < 0.001), Alberta physicians more likely to report screen-
ing than those from Toronto (in 1994, 498/613 [81%] v.
257/371 [69%]; in 1997, 472/530 [89%] v. 225/286 [79%],
p < 0.001), and in 1995 and 1997 all physicians were more
likely to report screening than in 1994 (754/981 [77%] in
1994, 747/916 [82%] in 1995 and 687/816 [84%] in 1997; 
p < 0.001). In 1994 and 1995, but not 1997, those who had
been attending deliveries for up to 15 years were more
likely to screen routinely than those who had been attend-
ing for more than 15 years (in 1994, 558/731 [76%] v.
227/389 [58%], p < 0.001; in 1997, 420/545 [77%] v.
289/398 [73%], p = 0.12).

The most common reasons given for not screening
(multiple reasons allowed) were use of risk factors alone to
guide prophylaxis (41% of nonscreeners in 1994, 74% in
1995 and 87% in 1997), and beliefs that there were no clear
guidelines (52% in 1994, 35% in 1995 and 24% in 1997),
that screening was not cost-effective (44% in 1994, 44% in
1995 and 31% in 1997) and that screening was not useful
(42% in 1994, 44% in 1995 and 35% in 1997). The pro-
portions of physicians citing these reasons were similar for
the 2 regions.

Most physicians (602/990 [61%]) who reported per-
forming prenatal screening in 1994 used vaginal swabs.
The proportion using combined vaginal–anorectal swabs
increased from 252 (25%) of 990 providers in 1994 to 499
(61%) of 822 providers in 1997 (p < 0.001), whereas the
proportion using cervical swabs decreased from 317 (32%)
of 990 providers in 1994 to 99 (12%) of 822 providers in
1997 (p < 0.001). There was no change in the proportion of
practitioners using cervical swabs exclusively (133/990
[13%] in 1994 and 100/822 [12%] in 1997).

During all survey years, screening was reported for
every interval of gestation (Table 2). Although reported
screening at the first prenatal visit declined between 1994
and 1997, 23% of Alberta and 31% of Toronto area
providers reported screening at the first visit in 1997 (data
not shown). About one-third of all practitioners indicated
that they screened more than once (no change from 1994
to 1997; data not shown).

About 30% of physicians reported that they gave antibi-
otics antenatally to some or all women with GBS coloniza-
tion, with the proportion increasing between 1994 and
1997 (Table 3). The most common reasons given were

GBS colonization, patient request or GBS disease in a pre-
vious neonate. Use of intrapartum chemoprophylaxis also
increased between 1994 and 1997 (Table 3). In 1994 physi-
cians who had been attending deliveries for a longer period
were less likely to give prophylactic antibiotics (176/209
[84%] of those who had been attending for less than 5
years, 403/524 [77%] of those who had been attending for
5–15 years and 223/388 [57%] of those who had been at-
tending for more than 15 years, p < 0.001). In 1997 this dif-
ference was no longer present (131/135 [97%], 378/410
[92%] and 362/398 [91%] respectively; p = 0.07). Although
physicians in Alberta and Toronto were equally likely to
recommend prophylaxis to women with risk factors and
unknown colonization status, Alberta physicians were more
likely than those in Toronto to recommend prophylaxis to
all women with colonization (p < 0.001 for all years),
whereas Toronto physicians were more likely to recom-
mend prophylaxis to all women with risk factors without
screening during the latter years (in 1994, p = 0.17; in 1995,
p = 0.05; in 1997, p < 0.001) (Table 3). In both regions,
88% of all physicians who prescribed prophylaxis correctly
identified appropriate antibiotics (as described in Table 1).
In general, obstetricians were more likely than family prac-
titioners to correctly identify risk factors (Table 4).

In 1994 only 103/1051 (10%) of respondents reported
practices congruent with any guideline. By 1997 this had
increased to 279/979 (29%) of respondents (Fig. 1) (p <
0.001). In the generalized estimating equations model for
Alberta, later year of survey (odds ratio [OR] for guideline
compliance in 1997 compared with 1994 3.5; 95% confi-
dence limits [CL] 2.4, 5.0; p < 0.001), training as an obste-
trician (OR for obstetricians compared with family practi-
tioners 2.1, 95% CL 1.3, 3.6; p = 0.004) and fewer years of
practice (OR for less than 5 years compared with more
than 15 years 1.6; 95% confidence limits 1.1, 2.4; p = 0.015)
were significant predictors of practice congruent with a
guideline.

Prevention practices for GBS
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Table 2: Reported timing of screening of pregnant women in
2 Canadian regions (Alberta and Toronto), 1994–1997

No. (and %) of physicians reporting
screening*

Timing of screening
1994

n = 991
1995

n = 919
1997

n = 822

At first prenatal visit 402 (41) 322 (35) 210 (26)
Between first visit and
  25 weeks

  46   (5)   40   (4)   38   (5)

26–28 weeks 277 (28) 257 (28) 133 (16)
29–37 weeks 356 (36) 391 (43) 529 (64)†
> 37 weeks   86   (9)   67   (7)   50   (6)
At delivery   55   (6)   27   (3)     5   (1)

*Column totals exceed 100% because more than one response was permitted, and one-third
of physicians reported screening more than once during pregnancy.
†In 1997, after the release of the new US consensus guidelines, the period 29–37 weeks was
further broken down into 29–34 weeks and 35–37 weeks. Fifty percent of physicians reported
screening between 35 and 37 weeks, and 14% reported screening between 29 and 34 weeks.



Written comments on the surveys suggested that physi-
cians were reluctant to adopt the strategy of screening at
26–28 weeks gestational age and selectively administering
prophylaxis to culture-positive women with risk factors be-
cause of medicolegal concerns about the consequences of

not intervening during a pregnancy with an adverse out-
come when the mother was known to have GBS coloniza-
tion, reluctance to introduce a vaginal examination during
the visit at 26–28 weeks and concerns about insufficient ev-
idence for effectiveness.
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Table 3. Specific GBS prophylactic practices in Alberta and Toronto, 1994–1997

Year; no. (and %) of physicians*

Prophylactic practice 1994 1995 1997 p value

Give antenatal antibiotics

  Alberta 157/674 (23) 194/645 (30) 173/558 (31)        < 0.01
  Toronto 126/449 (28) 125/392 (32) 132/383 (34)           0.08
Give intrapartum antibiotics
  Alberta 500/674 (74) 505/566 (89) 483/515 (94)        < 0.001
  Toronto 305/449 (68) 310/351 (88) 315/338 (93)        < 0.001

Pattern of intrapartum chemoprophylaxis†
All women with GBS colonization
  Alberta 275 (55) 290 (57) 318 (66)        < 0.01
  Toronto 82 (27) 81 (26) 124 (39)        < 0.001
All women with risk factors
  Alberta 147 (30) 220 (44) 204 (42)        < 0.01
  Toronto 104 (34) 162 (52) 178 (56)        < 0.001
Women with both GBS colonization and risk
factors
  Alberta 207 (42) 244 (48) 211 (44)        < 0.001
  Toronto 197 (65) 196 (63) 169 (53)        < 0.001
Women with risk factors and unknown
colonization status
  Alberta 202 (41) 282 (56) 293 (61)        < 0.001
  Toronto 129 (43) 180 (58) 198 (62)        < 0.001
Total no. of physicians giving intrapartum
chemoprophylaxis
  Alberta          496          505          483
  Toronto          303          309          319

*Where sums of percentages exceed 100, more than one response was allowed.
†For practitioners who gave intrapartum prophylaxis.

Table 4. Knowledge of known risk factors for neonatal GBS disease by specialty*

Year; specialty; no. (and %) of physicians

1994 1997

Known risk factor
FP

n = 600
Obstetrician

n = 199
FP

n = 648
Obstetrician

n = 206

Onset of labour at < 37 weeks
  gestational age 346 (58) 135 (68) 435 (67) 161 (78)
Rupture of membranes at < 37 weeks
  gestational age 360 (60) 148 (74) 455 (70) 152 (74)
Rupture of membranes for >18 hours 371 (62) 121 (61) 436 (67) 147 (71)
Maternal fever > 37.5°C 470 (78) 157 (79) 539 (83) 188 (91)
GBS bacteriuria during pregnancy 278 (46) 129 (65) 391 (60) 166 (81)
Previous history of neonatal GBS
  disease 434 (72) 174 (87) 514 (79) 184 (89)

Note: FP = family practitioner.
*The results within specialties were similar in the 2 regions. The data from the 1995 survey were intermediate between the data for 1994 and
those for 1997.



In the validation chart review (for Toronto only), 157 of
the 400 charts involved deliveries by 77 attending physi-
cians whose surveys were returned anonymously or were
not returned at all. Among the remaining 243 charts (115
physicians), information on actual screening practices was
available for 239, and reported and actual screening prac-
tices were congruent for 154 (64%) of the these. Intra-
partum prophylaxis practice matched reported practice for
168 (76%) of 221 charts.

The incidence of early-onset neonatal GBS disease was
lower in Alberta than Toronto and decreased from 1995 to
1998(p < 0.01, Fig. 2).

Interpretation

Intrapartum chemoprophylaxis substantially reduces the
risk of early-onset neonatal GBS disease.28 Hospital-based
series have demonstrated that the implementation of any
one of several strategies to deliver antibiotics to women at
risk reduces infection rates.29,30 However, no strategy will
prevent all disease, antibiotics are associated with side ef-
fects and selection for resistance, and implementation of
any strategy requires coordinated changes in practice in
physicians’ offices, case rooms, laboratories and nurseries.
Not surprisingly, surveys of practice in the early 1990s
demonstrated that few physicians complied with guidelines.
Our data, extending into 1997, show that, despite substan-
tial improvements in practice, less than one-third of physi-
cians in 2 large geographic areas of Canada reported prac-
tice in compliance with any guideline. In addition, a
significant minority continued inappropriate practices such
as screening at the first prenatal visit, use of cervical swabs
and prescription of antenatal prophylaxis. If we expect to
minimize the risk of early-onset neonatal GBS sepsis, more

systematic approaches are clearly necessary. One possibility
is implementation and monitoring of hospital-based GBS
prevention policies.29,30

The issue of self-reporting naturally limits the interpre-
tation of surveys. The modest agreement between reported
and actual practice in our survey is not surprising. Dis-
agreement may occur because results of screening (particu-
larly negative results) may not be transferred to the hospital
chart or because the delivering physician is not the attend-
ing physician, and personal practices differ. In addition, in-
tended prophylaxis may not always be administered (e.g., if
labour is short), and intrapartum antibiotics may be re-
quired for indications other than GBS prophylaxis. The
finding that actual practice in this sample generally re-
flected reported practice supports the validity of our data.

The lack of consistency in practice highlights the confu-
sion relating to multiple existing guidelines.15,18,19 The ten-
dency for practitioners to adopt strategy C (see Table 1)
may reflect greater comfort with that strategy or may relate
to the endorsement by the Society of Obstetricians and Gy-
naecologists of Canada. However, there remain substantial
variations in practice between the 2 regions, perhaps be-
cause of factors such as locally influential experts or hospital
or group practice policies. Identification of these regional or
local influences may be important in understanding varia-
tion in compliance with existing or future guidelines.

If prevention is to be cost-effective, it must be coupled
with correct identification of risk factors for neonatal GBS
and with reduction in suboptimal practices such as antena-
tal prophylaxis31–33 and repeated screening during preg-
nancy.34–37 Obstetricians and those more recently trained
were more likely to correctly identify risk factors and to
comply with components of guidelines. Greater awareness
because of recent training or better access to education may
explain these differences: by 1997 the differences between
physicians with different practice duration had disappeared,
but differences between specialties persisted.

The slow adoption of evidence-based practice patterns,
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Fig. 1: Percentage of all physicians whose reported practice
conformed with guidelines for prevention of group B strepto-
coccal infection by region and year.
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Fig. 2: Annual rates of early-onset neonatal GBS disease in Al-
berta (p = 0.35) and Toronto (p = 0.01).
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despite support for their cost-effectiveness,8–11,38 suggests
that barriers to their use remain.22,25,39 It is, however, impor-
tant to note that there has been substantial improvement in
practice components (e.g., timing of screening, types of
specimen and use of prophylaxis) over time. We have also
reported an improvement in practice in Alberta laborato-
ries processing GBS screening swabs.40 These changes have
been temporally associated with a substantial reduction in
the incidence of early-onset neonatal disease. In addition,
although the reasons for lower neonatal disease rates in Al-
berta than in Toronto are unclear, they may be related to
the reported greater use of intrapartum prophylaxis in Al-
berta for the period covered by the first survey. Both hospi-
tal-based series29,41 and US surveillance28 have supported an
association between improvements in preventive practice
and substantial reductions in early-onset disease. The low
and declining incidence of GBS disease in these 2 regions
supports continued attempts to increase compliance with
preventive practice.
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