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OBJECTIVE: To estimate the effectiveness against early-

onset group B streptococcal (GBS) disease of intrapartum

antibiotic prophylaxis among term and preterm deliver-

ies, deliveries with fewer than 4 hours of antibiotics, and

deliveries receiving clindamycin regimens.

METHODS: We performed a secondary analysis of the

Birthnet cohort, a survey of 7,691 births to residents of

the Active Bacterial Core surveillance system from 2003

to 2004. We used propensity score matching on cova-

riates associated with prophylaxis and early-onset GBS

disease to evaluate the effectiveness (1-risk ratio) of

specific intrapartum antibiotic prophylaxis regimens

against the disease end point.

RESULTS: The effectiveness of 4 or more hours of

prophylaxis with penicillin or ampicillin was high among

term (91%, 95% confidence interval [CI] +63% to +98%)

and preterm (86%, 95% CI +38% to +97%) neonates.

Effectiveness was significantly lower for clindamycin

(22%, 95% CI 253% to +60%). The effectiveness of 2

or fewer to fewer than 4 hours of prophylaxis with pen-

icillin or ampicillin before delivery (47%, 95% CI 216%

to +76%) and the effectiveness of prophylaxis with pen-

icillin or ampicillin fewer than 2 hours before delivery

(38%, 95% CI 217% to +67%) were both lower than

the effectiveness of prophylaxis durations at 4 or more

hours.

CONCLUSION: Beta-lactam prophylaxis given 4 or

more hours before delivery is highly effective for pre-

vention of early-onset GBS disease. Prophylaxis of

shorter durations or with clindamycin is less effective,

reinforcing the need for health care providers to adhere

to prevention recommendations, particularly for preterm

deliveries, penicillin-allergic women, and neonates

exposed to fewer than 4 hours of prophylaxis.

(Obstet Gynecol 2013;121:570–7)

DOI: http://10.1097/AOG.0b013e318280d4f6

LEVEL OF EVIDENCE: II

Intrapartum antibiotic prophylaxis to prevent infec-
tions caused by group B streptococci (GBS) in the

first week of life (early-onset) has led to an 85% decline
in the incidence of early-onset GBS disease.1 Despite
this dramatic decrease, early-onset GBS disease
remains a leading infectious cause of illness and death
among newborns in the United States, resulting in
approximately 1,050 illnesses annually (http://www.
cdc.gov/abcs/reports-findings/survreports/gbs10-orig.
html). Current prevention guidelines recommend that
health care providers screen all women for GBS colo-
nization late in pregnancy and administer intrapartum
prophylaxis (4 or more hours of intravenous penicillin
or ampicillin as the first line) to GBS-colonized women
or women with unknown GBS status who deliver
preterm, have membrane rupture 18 hours or more,
or have intrapartum fever 100.48F or greater.1–3

Administration of appropriate prophylaxis to
women with indications lies at the heart of early-onset
GBS disease prevention. Several large labor and
delivery record reviews identified failure to adminis-
ter prophylaxis to women with unknown GBS status
who delivered preterm and failure to administer
cefazolin as opposed to clindamycin to women with
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penicillin allergy at low risk for anaphylaxis as notable
gaps in implementation4–6 Additionally, a multistate
review found that among women receiving intrapar-
tum prophylaxis, nearly one-third received durations
of less than 4 hours,5 which are thought to be less
effective and which trigger more newborn blood
draws.1 Although not all women present in time for
4 hours of prophylaxis, a recent evaluation found that
14% of missed opportunities for prevention were the
result of failure to administer adequate durations of
intrapartum antibiotic prophylaxis despite sufficient
time (J. Verani, personal communication, 2012).

Although the efficacy of penicillin and ampicillin
intrapartum prophylaxis has been established in
clinical trials,7 effectiveness in the setting of clinical
practice has not been evaluated. Moreover, both effi-
cacy and effectiveness data are lacking for key subpo-
pulations in which prevention implementation is
weak. This lack of evidence may contribute to ongo-
ing prevention lapses.

We addressed this gap by performing a secondary
analysis of a multistate cohort sampled from a pop-
ulation of over 600,000 liveborn neonates to evaluate
the effectiveness of the following regimens in prevent-
ing early-onset GBS disease: b-lactam prophylaxis
among preterm neonates; cefazolin prophylaxis; clin-
damycin prophylaxis; and b-lactam prophylaxis with
durations of 4 hours or less before delivery.

PATIENTS AND METHODS

Active Bacterial Core surveillance, a component of
the Emerging Infections Program Network, conducts
active, population-based surveillance for invasive
GBS disease in selected counties in 10 U.S. states.
The target population for the Birthnet cohort was
neonates born alive to surveillance-area residents in
2003 and 2004 who delivered at surveillance-area
hospitals with 10 births per year or more; births at
these hospitals accounted for nearly all resident births.

Cases of early-onset, invasive GBS disease,
defined by the isolation of GBS from a normally
sterile site in a liveborn neonate less than 7 days of age,
were identified by routine population-based surveil-
lance. Additionally, a random sample of live births
stratified according to surveillance area, year of birth,
and birth hospital was selected from birth certificates
in all surveillance sites. Further details of the sampling
process have been published previously.5

For each selected birth in which a chart could be
located (n57,691), trained abstractors collected stan-
dardized information from labor and delivery records
on the mother’s demographic characteristics, prenatal
care, obstetric characteristics, intrapartum antibiotic

use, including type of antibiotic used and duration,
and screening for GBS.

For analysis of intrapartum prophylaxis with
clindamycin, we used additional data from a similar
survey of 5,144 births that occurred in Active Bacterial
Core surveillance sites in 1998 and 1999; the pop-
ulation for this analysis thus included both neonates
born alive in 2003 and 2004 as well as neonates born
alive in 1998–1999 to surveillance-area residents.

Preterm delivery was defined as delivery at less
than 37 weeks of gestation. Intrapartum was defined as
the period between the onset of labor or rupture of
membranes and delivery. For cesarean deliveries, intra-
partum was defined as the period between admission
for labor or delivery and cord clamping. Antibiotics
given after cord clamping or less than 15 minutes before
delivery were not classified as intrapartum. Antibiotics
administered for prophylaxis associated with cesarean
delivery were not classified as intrapartum when timing
of the administration was unknown.

Screening for GBS before delivery was defined as
any documented prenatal test or test at admission that
was performed 2 days or more before delivery. We
used two categories for race: black and non-black
(which included white, Asian or Pacific Islander, Native
American, other, and unknown) as a result of the small
sample size of races other than black and white, and the
documented association between black race and ele-
vated incidence of early-onset GBS disease.8

Intrapartum antibiotic prophylaxis with clinda-
mycin was defined as receiving only clindamycin
before delivery. Duration questions were only evalu-
ated for women who received at least 15 minutes of
penicillin or ampicillin. Ampicillin and penicillin were
classified as b-lactams.

We used propensity score matching to reduce
bias with respect to important covariates for each
specific type of intrapartum prophylaxis to evaluate
the effectiveness of different prophylaxis regimens for
prevention of early-onset GBS disease. We chose
propensity score matching because key covariates
differed between women receiving and not receiving
prophylaxis, and standard modeling approaches pro-
vide estimates that can be wrong when an appropriate
comparison population is absent.9 Propensity score
matching allows us to use our observational data to
design a pseudorandomized trial within our cohort in
which women exposed to prophylaxis are similar to
women who did not receive prophylaxis on important
measured covariates (an approximation of what ran-
domization would achieve in a prospective trial).

Covariates included maternal age, maternal race,
scheduled cesarean delivery (defined as a nonemergent
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cesarean delivery), gestational age, rupture of mem-
branes 18 or more hours, intrapartum fever 100.48F or
higher, GBS bacteriuria, previous neonate with GBS
disease, availability of GBS screening results at the
time of delivery, most recent GBS test result, presence
of a prenatal GBS screen, state where delivery
occurred, and births per hospital.

We built separate propensity score models for
each of the following six analytic questions: effective-
ness of penicillin or ampicillin given 4 or more hours
before delivery for term neonates and separately for
preterm neonates; effectiveness of cefazolin; effective-
ness of clindamycin; effectiveness of penicillin or
ampicillin given less than 2 hours before delivery;
and the effectiveness of penicillin or ampicillin given 2
or more to less than 4 hours before delivery. We used
multivariable logistic regression to estimate the pro-
pensity score for each mother (or neonate). The
propensity score is the conditional probability of the
mother receiving a specific type of intrapartum antibi-
otic prophylaxis given the variables in the model. We
then matched each mother receiving a specific type of
prophylaxis to a mother who received no prophylaxis
who had the closest propensity score. For each pro-
pensity score-matched analysis, balance for each co-
variate included in the model was evaluated for the two
groups (eg, mothers receiving intrapartum antibiotic
prophylaxis and mothers not receiving intrapartum
antibiotic prophylaxis). The propensity score model
that achieved the best balance was used.

We used a matching procedure based on the
greedy algorithm (Parsons LS. Performing a 1:N
case–control match on the propensity score. Presented
at SAS Users Group International 29 Proceedings,
Montreal, Canada; 2004, p. 165–229). Graphic presen-
tations were used to evaluate the bias reduction based
on the propensity score matching. Graphical proce-
dures included plotting the difference for each variable
in our propensity score model looking at the difference
in proportions (or means) between treated and
untreated individuals before and after propensity
score-based matching. The graphics use love plots,10

before and after line plots looking at the absolute dif-
ference in means or proportions, and box plots looking
at the mean difference and absolute mean difference
for the overall cohort and the matched cohort. Varia-
bles included in the propensity score had different lev-
els of importance for matching. In some situations in
which bias reduction for the matched subset was not
optimal, exact matching was used. For example, we
matched on preterm status and state of residence when
evaluating the effectiveness of at least a 4-hour duration
of penicillin or ampicillin before delivery.

After ensuring that balance had been achieved,
we compared risk for early-onset GBS disease among
women receiving a specific regimen of intrapartum
antibiotic prophylaxis to those receiving no prophy-
laxis in the analyses. Case neonates were included in
the analysis if the treated or untreated case neonate
was matched with another neonate in the study based
on the propensity score match and if they received the
antibiotic under evaluation (or received no antibiotic).
We calculated the effectiveness as 1-risk ratio, in
which risk ratio is the rate of disease among women
receiving intrapartum prophylaxis divided by the rate
of disease among women receiving no prophylaxis.
We used the Mantel-Haenszel method for 95%
confidence interval (CI) estimation.

The 2003–2004 Birthnet was determined by the
Centers for Disease Control and Prevention (CDC) to
be a program evaluation and, therefore, institutional
review was not required. The local institutional review
board at each participating site also reviewed the pro-
tocol and waived the requirement for informed con-
sent. The 1998–1999 Birthnet protocol was approved
by an institutional review board of the CDC, and
a waiver of informed consent was granted. Appropri-
ate local institutional review boards also reviewed the
protocol and either approved it or determined that it
was exempt from the requirement for approval.

RESULTS

We analyzed data from 7,691 live births in 2003 and
2004, which included 7,437 in which the neonate did
not have GBS disease and 254 early-onset GBS cases.
For analyses of clindamycin effectiveness, we also
included 113 deliveries from 1998–1999 that were
exposed to clindamycin prophylaxis.

A total of 87% (6,729 of 7,691) of all neonates
were delivered at term, and 84% (6,438 of 7,691) were
screened for GBS prenatally. Thirteen percent (971 of
7,691) of women had one or more intrapartum risk
factors for GBS transmission (Table 1). Overall, 31%
(2,373 of 7,691) of mothers received intrapartum anti-
biotic prophylaxis. Penicillin and ampicillin were the
most common agents used (75% [1,787 of 2,373];
Table 1) with most women receiving it at least 4 hours
before delivery (59% [1,062 of 1,787]). Smaller pro-
portions received penicillin or ampicillin between 2
and 4 hours before delivery (14% [254 of 1,787])
and less than 2 hours before delivery (25% [439 of
1,787]). Nine percent (331 of 3,711) of women
received clindamycin, and 8% (200 of 2,373) received
cefazolin.

For each discrete assessment of intrapartum
antibiotic prophylaxis effectiveness, we were able
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to match more than 40% of women receiving
a specific prophylaxis regimen to similar women
who did not receive intrapartum antibiotic
prophylaxis (Table 2) with the exception of cefazolin

for which we were unable to create a propensity
score-matched set. Within the matched subsets,
median duration of prophylaxis exposure before
delivery was 6.4 hours (range 2.8–13.5 hours) for

Table 1. Characteristics of Participants and Early-Onset GBS Disease Cases From Active Bacterial Core
Surveillance Sites, 2003–2004

Characteristic Participants* Early-Onset Disease Cases

Total 7,691 254 (3)
Race

Non-black† 6,337 (82) 166 (65)
Black 1,354 (18) 88 (35)

Maternal age (y)
Younger than 20 752 (10) 70 (28)
20 or older 6,939 (90) 184 (72)

Year
2003 3,811 (50) 121 (48)
2004 3,880 (50) 133 (52)

State
California 679 (9) 19 (8)
Colorado 630 (8) 18 (7)
Connecticut 861 (11) 17 (7)
Georgia 977 (12) 52 (21)
Maryland 906 (12) 51 (20)
Minnesota 727 (9) 31 (12)
New Mexico 608 (8) 5 (2)
New York 804 (10) 14 (6)
Oregon 622 (8) 7 (3)
Tennessee 877 (11) 40 (16)

Scheduled cesarean delivery‡ 924 (13) 17 (7)
Intrapartum risk factors

Preterm delivery 962 (13) 68 (27)
Membrane rupture 18 h or more 615 (8) 45 (18)
Chorioamnionitis§ 288 (4) 37 (15)
Intrapartum temperature 100.48F or higher 277 (4) 24 (10)

GBS detection
GBS bacteriuria during pregnancy 402 (5) 14 (6)
Previous neonate with GBS disease 99 (1) 3 (1)
GBS screening result available at the time of delivery 6,151 (80) 184 (72)
GBS screen done prenatally 6,438 (84) 177 (70)
GBS positive on most recent test 1,540/6,151 (25) 21/184 (11)

Intrapartum antibiotic prophylaxis
Any intrapartum antibiotic prophylaxis 2,373 (31) 76 (30)
Penicillin or ampicillin 1,787/2,373 (75) 54/76 (71)

Duration shorter than 2 h 254/1,787 (14) 21/54 (28)
Duration 2 h or more to fewer than 4 h 439/1,787 (26) 24/54 (43)
Duration 4 or more h 1,062/1,787 (59) 11/54 (14)

Cefazolin 200/2,373 (8) 10/76 (4)
Clindamycink 331/3,711 (9) 22/76 (5)

GBS, group B streptococci.
Data are n, n (%) or n/N (%).
* Sample weights were not applied because they were not used in this analysis. For weighted estimates reflecting the population from which

the sample was drawn, see Van Dyke MK, Phares CR, Lynfield R, Thomas AR, Arnold KE, Craig AS, et al. Evaluation of universal
antenatal screening for group B streptococcus. N Engl J Med 2009;360:2626–36.

† Included white, Asian or Pacific Islander, Native American, other, and unknown.
‡ Defined as a nonemergent cesarean delivery.
§ Defined as the presence of a physician diagnosis of chorioamnionitis in the labor and delivery record.
k For clindamycin, data from 5,134 births in 1998–1999 (of which 1,338 received intrapartum antibiotic prophylaxis) were added to

maximize analytic power and contributed an additional 113 women who received clindamycin for intrapartum antibiotic prophylaxis
to these analyses.
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women receiving clindamycin, and ranged from 1 to
11 hours for women who received penicillin or
ampicillin (Table 2).

The effectiveness of 4 or more hours of intra-
partum prophylaxis with penicillin or ampicillin was
high among term and preterm neonates (term: 91%,
95% CI +63% to +98%; preterm: 86%, 95% CI +38%
to +97%; Table 3). Effectiveness was significantly
lower for clindamycin (22%, 95% CI 253% to

+60%). Finally, the effectiveness of 2 to less than 4
hours of intrapartum prophylaxis with penicillin or
ampicillin before delivery (38%, 95% CI 217% to
+67%) and the effectiveness of intrapartum prophy-
laxis with penicillin or ampicillin less than 2 hours
before delivery (47%, 95% CI 216% to +76%) were
both markedly lower than the recommended regimen
of penicillin or ampicillin 4 or more hours before
delivery (Table 3).

Table 2. Results of Propensity Score Matching for Each Intrapartum Antibiotic Prophylaxis Regimen

Intrapartum Antibiotic
Prophylaxis Regimen

No. of Women
Receiving

Included in Propensity
Score-Matched Set

Duration (h) of Intrapartum
Antibiotic Prophylaxis Among Those

Included in Matched Set

Penicillin or ampicillin for 4 or more h
before delivery, term

861 365 (42) 8.7 (6.0–12.3)

Penicillin or ampicillin for 4 or more h
before delivery, preterm

201 126 (63) 11.0 (7.5–16.7)

Clindamycin 331 254 (77) 6.4 (2.8–13.5)
Penicillin or ampicillin fewer than 2 h
before delivery

259 218 (84) 1.00 (0.6–1.5)

Penicillin or ampicillin 2 h to fewer
than 4 h before delivery

439 340 (77) 2.8 (2.4–3.3)

Data are n (%) or median (interquartile range) unless otherwise specified.

Table 3. Effectiveness of Intrapartum Antibiotic Prophylaxis Among Propensity Score–Matched Subsets of
Women From the BirthNet 2 Cohort, 2003–2004*

Cases Noncases Effectiveness (95% CI) P

Effectiveness among term neonates
Term, adequate† intrapartum antibiotic
prophylaxis (n5365)

2 363 91% (+63% to +98%) ,.001

Term, no intrapartum antibiotic prophylaxis
(n5365)

23 342

Effectiveness among preterm neonates
Preterm, adequate intrapartum antibiotic
prophylaxis† (n5126)

2 124 86% (+38% to +97%) .002

Preterm, no intrapartum antibiotic prophylaxis
(n5126)

14 112

Effectiveness of clindamycin*
Clindamycin (n5259) 14 245 22% (253% to +60%) .47
No intrapartum antibiotic prophylaxis (n5259) 18 241

Effectiveness of penicillin or ampicillin given
fewer than 2 h before delivery

Duration fewer than 2 h (n5218) 9 209 47% (216% to +76%) .11
No intrapartum antibiotic prophylaxis (n5218) 17 201

Effectiveness of penicillin or ampicillin given
2 h or more to fewer than 4 h before delivery

Duration 2 h or more to fewer than 4 h (n5340) 15 325 38% (217% to +67%) .14
No intrapartum antibiotic prophylaxis (n5340) 24 316

Effectiveness of penicillin or ampicillin given
4 or more h before delivery

Duration 4 or more h (n5491) 4 487 89% (+70% to +96%) ,.001
No intrapartum antibiotic prophylaxis (n5491) 37 454

CI, confidence interval.
* Data from BirthNet 1 (5,134 births in 1998–1999) were added to maximize analytic power. BirthNet 1 contributed an additional 113

women who received clindamycin for intrapartum antibiotic prophylaxis to these analyses.
† Defined as penicillin or ampicillin given at least 4 h before delivery.
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DISCUSSION

Few direct estimates of intrapartum antibiotic pro-
phylaxis effectiveness against early-onset GBS disease
are available for the era of widespread GBS pre-
vention. The analyses reported here confirm that 4 or
more hours of b-lactam intrapartum prophylaxis is
greater than 85% effective at preventing early-onset
GBS disease among both term and preterm births in
the setting of delivery hospitals in 10 U.S. states. Our
results also support limiting use of clindamycin intra-
partum prophylaxis to the narrowest possible subset
of women as a result of its reduced effectiveness com-
pared with b-lactams and more aggressive manage-
ment of neonates exposed to clindamycin or to
short (less than 4-hour) durations of intrapartum pro-
phylaxis as a result of their increased risk of early-
onset GBS disease.

The high effectiveness of 4 or more hours of
b-lactam prophylaxis complements a recent evalua-
tion of GBS colonization among mother–neonate
pairs at four hospitals that found intrapartum antibi-
otic prophylaxis was 83.7% effective in preventing
GBS colonization among newborns born to colonized
mothers.11 Additionally, our observation that intra-
partum antibiotic prophylaxis effectiveness among
women delivering preterm was high and similar to
that of women delivering at term is reassuring and
reinforces the need for improved implementation of
prophylaxis for this vulnerable group in which GBS
prevention efforts have fallen short.5

The limited effectiveness of clindamycin intra-
partum prophylaxis is consistent with previous phar-
macologic studies, which showed poor penetration of
clindamycin in fetal circulation.12–14 Given that the
median duration of clindamycin prophylaxis before
delivery was 6.4 hours, it is unlikely that short clinda-
mycin durations drove the low effectiveness. However,
GBS resistance to clindamycin may have contributed.
Clindamycin resistance has been increasing among
GBS over the past decade and multistate surveillance
from 2006–2009 showed that 13–20% of invasive GBS
isolates were clindamycin-resistant.1,15 Resistance dur-
ing the periods of data collection for the clindamycin
analysis (1998–1999 and 2003–2004) was lower than
it is currently, suggesting that clindamycin prophy-
laxis effectiveness against currently circulating GBS
may be even lower than the estimates we reported.
The 2010 GBS prevention guidelines1 recommend
that clindamycin intrapartum prophylaxis only be
used for GBS-colonized women at high risk for peni-
cillin anaphylaxis whose isolates are susceptible to
clindamycin. For this group of women, a more

effective agent choice is not available. However,
a multistate labor and delivery record review found
that more than 70% of penicillin-allergic women at
low risk for anaphylaxis received clindamycin pro-
phylaxis, and less than 1% had documentation of anti-
microbial susceptibility testing.5

The low clindamycin effectiveness we observed
underscores the importance of administering cefazolin
intrapartum prophylaxis to penicillin-allergic women
without a history of penicillin or cephalosporin-
associated anaphylaxis, angioedema, respiratory dis-
tress, or urticaria. Cefazolin has a pharmacologic
profile similar to that of penicillin and ampicillin
and achieves high intraamniotic concentrations. Addi-
tionally, cephalosporin crossreactivity affects approx-
imately 10% of patients with penicillin allergy,16 and
maternal anaphylaxis associated with GBS intrapar-
tum antibiotic prophylaxis is rare; four case reports
of nonfatal anaphylaxis have been published since
1996.17–20 Vancomycin remains an agent of last resort,
reserved for women at high risk for penicillin anaphy-
laxis colonized with a GBS isolate that is not suscep-
tible to clindamycin and erythromycin or of unknown
susceptibility.1

In contrast to a vertical transmission evaluation of
GBS colonization and a systematic review that sug-
gested 2 or more hours of intrapartum prophylaxis
might confer acceptable protection,4,21 we provided
the first direct evidence using a GBS disease end point
that shorter prophylaxis durations, even those greater
than 2 hours, are markedly less effective than 4 or
more hours of prophylaxis. This supports the 2010
newborn management recommendations to perform
a more aggressive newborn evaluation (blood draw
for blood culture and complete blood count) on the
highest risk subset of this group (preterm deliveries or
those with prolonged membrane rupture) even if the
newborns are well-appearing.1 Although a portion of
patients will present without 4 hours between admis-
sion and delivery, our finding of reduced effectiveness
of shorter intrapartum antibiotic prophylaxis dura-
tions underscores the importance of initiating prophy-
laxis as soon as possible on admission for labor and
also emphasizes the value of communicating to pre-
natal patients the importance of presenting for labor
with adequate time.

The observational design of our study is an
important limitation. We attempted to overcome this
by using propensity score methods, allowing us to
approximate the balance of a randomized trial. We
were also limited by the smaller sample of women
(n5331) who received clindamycin prophylaxis; how-
ever, this subset of women was derived from a review
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of almost 13,000 labor and delivery records, and we
are not aware of a data source that would provide
a more robust sample. We maximized the available
data on clindamycin prophylaxis by using data from
the 1998–1999 Birthnet cohort, whose sample design
was the same as that of the 2003–2004 Birthnet
cohort; we performed propensity score matching
within each cohort to make appropriate comparisons.
The age of the data sets was another limitation,
because this was a secondary analysis of data collected
9–13 years ago. However, during this entire time
period, the indications for intrapartum prophylaxis
did not change meaningfully, and from 2002 forward,
universal antenatal screening was in place. The pri-
mary bias of data set age with regard to intrapartum
antibiotic prophylaxis effectiveness is the changing
susceptibility profile of GBS over time. Group B strep-
tococcus remains universally susceptible to penicillin,
ampicillin, and cefazolin, and thus our b-lactam esti-
mates were not affected. However, our estimate of
clindamycin effectiveness may be conservative,
because resistance of GBS to clindamycin has
increased from 12% in 1998 to 15% in 2003 to greater
than 20% in recent years.15,22,23 Finally, we were
unable to evaluate the effectiveness of cefazolin intra-
partum prophylaxis, the preferred agent for women
with penicillin allergy at low risk of anaphylaxis, as
a result of the rare use of this agent in current practice
and differences in baseline characteristics between
women who did and did not receive the agent, pre-
cluding the creation of a propensity score-matched
subset. If implementation of cefazolin intrapartum
antibiotic prophylaxis increases through improved
adherence to the GBS prevention guidelines, data will
accumulate allowing for direct cefazolin effectiveness
estimates.

Our findings reinforce the recommendations in
the 2010 CDC GBS guidelines and underscore the
importance of adherence to the guidance for women
delivering preterm, those with allergy to penicillin,
and neonates exposed to short intrapartum prophy-
laxis durations. Recent analysis of ongoing early-onset
GBS cases suggests that improved prevention imple-
mentation in key areas could result in a further 30–
50% reduction in cases to an incidence as low as 0.15
cases per 1,000 live births.24 While accumulating evi-
dence such as we presented may help to achieve this
goal, a new health care provider application, Prevent
Group B Strep, created by the CDC in conjunction
with the same key clinical partner organizations that
endorsed the 2010 GBS prevention guidelines, may
lead to further implementation improvements. The
application will be available online and as a native

application for smartphones and tablets and will pro-
vide patient-specific recommendations. We hope that
accumulating evidence about effectiveness along with
the Prevent Group B Strep application will reduce
missed prevention opportunities and bring us closer
to the full affect possible under universal screening.
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Standards for Different Types of Articles

Guidelines for five different types of articles have been adopted by Obstetrics & Gynecology:

1. CONSORT (Consolidated Standards of Reporting Trials) standards for reporting randomized trials

2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines for meta-
analyses and systematic reviews of randomized controlled trials 

3. MOOSE (Meta-analysis of Observational Studies in Epidemiology) guidelines for meta-analyses and    
systematic reviews of observational studies

4. STARD (Standards for Reporting of Diagnostic Accuracy) standards for reporting studies of diagnostic
accuracy

5. STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines for the
reporting of observational studies

Investigators who are planning, conducting, or reporting randomized trials, meta-analyses of randomized trials,
meta-analyses of observational studies, studies of diagnostic accuracy, or observational studies should be thor-
oughly familiar with these sets of standards and follow these guidelines in articles submitted for publication.
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