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roup B Streptococcus prophylaxis in patients who
eport a penicillin allergy: a follow-up study
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BJECTIVE: The purpose of this study was to compare adherence to
he 2002 Centers for Disease Control (CDC) guidelines for the preven-
ion of perinatal group B Streptococcus (GBS) disease in patients who
re allergic to penicillin during the years 2004-2006 and 2008.

TUDY DESIGN: Previous data from our institution revealed suboptimal
dherence to the 2002 CDC guidelines for GBS prophylaxis among
omen who are allergic to penicillin. These data caused the hospital to

mplement a series of interventions. The original cohort (2004-2006)
as compared with a cohort of women who delivered between April
008 and January 2009 (n � 74) to determine whether the proportion
f women who had antimicrobial sensitivity testing and who had re-
m J Obstet Gynecol 2010;203:●●●●.

c
c
G
e
C
t
a
s
g
o
i
w

o
t
l
a
W
t
o
p
l
t
a
o
fi
v
h
v
b
(hospital research p

oi: 10.1016/j.ajog.2010.08.063
ESULTS: In 2008, 76% (95% confidence interval, 66–84%) of GBS-
ositive women who are allergic to penicillin received an appropriate
ntibiotic (compared with 16.2% in 2004-2006; P � .001). Antimicro-
ial sensitivity testing was performed in 79.4% of cases (95% confi-
ence interval, 68–87%), compared with 11.4% in 2004-2006 (P �
001).

ONCLUSION: With directed intervention, adherence to the 2002 CDC
uidelines for GBS prophylaxis in women who are allergic to penicillin

mproved dramatically.

ey words: group B Streptococcus prophylaxis, guideline adherence,

eived an appropriate antibiotic had improved. penicillin allergy

ite this article as: Critchfield AS, Lievense SP, Raker CA, et al. Group B Streptococcus prophylaxis in patients who report a penicillin allergy: a follow-up study.
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roup B Streptococcus (GBS) is a
leading cause of neonatal infection;

ntrapartum prophylactic antibiotics
ave reduced the incidence of early-on-
et neonatal GBS disease by 70%.1,2 Pen-
cillin is the recommended antibiotic for
BS prophylaxis; historically, patients
ho have reported a penicillin allergy re-
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eived either clindamycin or erythromy-
in. Given the increasing prevalence of
BS resistance to both clindamycin and

rythromycin, the Centers for Disease
ontrol (CDC), in collaboration with

he American College of Obstetricians
nd Gynecologists and the American As-
ociation for Pediatrics, provided new
uidelines for the prevention of early-
nset neonatal GBS disease in 2002 that

ncluded specific guidelines for patients
ith a reported penicillin allergy.3-9

In 2007, we published the results of
ur study that evaluated adherence to
he 2002 CDC GBS prophylaxis guide-
ines for women who were GBS-positive
nd allergic to penicillin who delivered at

omen and Infants Hospital (WIH) be-
ween 2004 and 2006.10 We found sub-
ptimal adherence, with only 11% of
atients who were GBS-positive and al-

ergic to penicillin undergoing sensitivity
esting and 16% receiving an appropriate
ntibiotic based on the 2002 CDC rec-
mmendations.10 In response to these
ndings, WIH instituted a series of inter-
entions that were aimed to improve ad-
erence to the guidelines. These inter-
entions included educating providers
y presenting lectures on the guidelines
resentation, staff a

MONTH 2010 Ame
eetings, and Grand Rounds) and high-
ighting the 2002 CDC guidelines for
BS prophylaxis as “guideline of the
onth” (where details of the guidelines
ere provided on posters throughout

he hospital). In addition, a field for
penicillin allergy” was added to labora-
ory ordering systems so that, if filled out
roperly, the laboratory could be
rompted reflexively to perform GBS
ensitivity testing.

The aim of the current study was to
valuate whether adherence to the 2002
DC guidelines for GBS prophylaxis has

mproved since the 2004-2006 data col-
ection period. We hypothesized that,
mong patients who were allergic to pen-
cillin and GBS-positive who delivered at

IH between April 2008 and January
009, both the proportion of patients
ho received antimicrobial sensitivity

esting and the proportion who received
n appropriate antibiotic increased from
he previous 2004-2006 data collection
eriod.

ATERIALS AND METHODS
e performed a retrospective cohort

tudy of obstetric patients who were
BS-positive and reported a penicillin
llergy and who delivered at WIH be-

rican Journal of Obstetrics & Gynecology 1.e1
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1

ween April 1, 2008, and January 1, 2009.
pril 1, 2008, was chosen because WIH

mplemented its interventions that were
imed to improve adherence to the
uidelines between May 2007 and March
008. WIH institutional review board
pproval for this project was obtained in
ecember 2007.
To select the study sample, a list of all

atients who were GBS-positive who de-

FIGURE
Patient selection for the study

Received       n=17 

cephalosporin  

Analysis I: Antim

Sensitivity Tes

n=68 

(Table 2)

BS, group B Streptococcus; ICD-9, International Classification o

ritchfield. Group B Streptococcus and penicillin allergy. Am
ivered between April 1, 2008, and Janu- r

.e2 American Journal of Obstetrics & Gynecology
ry 1, 2009, was generated with the use of
nternational Classification of Diseases–
th revision codes 648.91 and v02.51. The
lectronic medical records of each pa-
ient who was GBS-positive (n � 1221)
as reviewed by the research team to

dentify those patients who also reported
penicillin or penicillin-derivative al-

ergy (n � 104; Figure 1).
Data were abstracted from medical

omen primarily identified 

as GBS+ by ICD-9 code 

n=1221 

Full r

Gesta

Cesar

    lab

Both 

   del

Identified as GBS+ and 

CN allergic by electronic 

medical record review  

n=104 

(Table 1) 

GBS+ and PCN allergic 

atients eligible for analyses 

n=85 

obial 

g 

Analysis II: Ap

Antibio

n=84

(Table

ases–9th revision; PCN, penicillin.

bstet Gynecol 2010.
ecords onto standardized data collec- t

MONTH 2010
ion forms by the principal investigator
nd a trained research assistant. We re-
orded data on age, obstetric provider,
nsurance status, gestational age at deliv-
ry, type of delivery, recorded nature of
he penicillin allergy, means of identify-
ng GBS positivity, antimicrobial sensi-
ivity testing, and antibiotics received.
election of the study sample was veri-
ed for accuracy first by having 10% of

ord review:  

nal age <37 weeks      n=10  

n delivery without        n=9 

7 weeks and cesarean     n=2 

ry without labor

Missing data    n=1 

on antibiotic 
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BS-positive reviewed by 2 members of
he research team to confirm penicillin
llergy; no discrepancies were identified.
dditionally, we used a system of double
ata entry for all abstracted charts; dis-
repancies were reconciled by rereview-
ng the data collection sheets before data
nalysis. All data were maintained in a
onfidential computerized database.

We described the age, gravidity, parity,
ace/ethnicity, provider type, type of in-
urance, gestational age at delivery,

ode of delivery, means in which GBS
ositivity was determined, whether the
ature of the penicillin allergy was doc-
mented, and antibiotic administered

or our population of patients who were
BS-positive penicillin-allergic (n �
04). We then compared, in this popula-
ion, (1) patients who received antimi-
robial sensitivity testing with those who
id not and (2) patients who received an
ppropriate antibiotic with those who
id not. For both of these analyses, we
xcluded women who had a gestational
ge �37 weeks (n � 10) and women who
ad a cesarean delivery without labor
ho were at a gestational age of �37
eeks (n � 9). We excluded women who
elivered at �37 weeks of gestation be-
ause the women are not universally
creened for GBS . Women with a cesar-
an delivery without labor were excluded
ecause these patients do not universally
equire GBS prophylaxis.

Antimicrobial sensitivity testing was
efined as “performed” if it was docu-
ented in the antenatal records, in the

aboratory data sheets, in the intrapar-
um chart, in the postpartum chart, or in
he electronic laboratory data files.

omen who received a cephalosporin
ho were determined to be at low risk

or anaphylaxis (n � 17) were excluded
or the analyses of antimicrobial sensitiv-
ty testing, because antimicrobial sensi-
ivity testing is not uniformly necessary
or patients who are at low risk for ana-
hylaxis. The final sample size for these
nalyses was 68 women.

Appropriate antibiotic was defined as
ephalosporin for patients who were at
ow risk for anaphylaxis, clindamycin, or
rythromycin if GBS was susceptible to
oth of these antibiotics and as vanco-

ycin if antimicrobial sensitivity was i
nknown or if GBS was resistant to ei-
her clindamycin or erythromycin. One
atient who had missing data on the out-
ome (antibiotic administered) was ex-
luded from the analyses of appropriate
ntibiotic administration. The final sam-
le size for these analyses was 84 women.
We performed a sample size calculation

or both of our primary outcomes (pro-
ortion of patients who received antimi-
robial sensitivity testing and proportion
ho received an appropriate antibiotic).
rom our previous study, we knew that
1% of women who were GBS-positive
nd penicillin-allergic received antimicro-
ial sensitivity testing and that 16% of the
omen received an appropriate antibiotic.
o determine at least a 20% increase in
oth of these outcomes and to set an � of

05 and a � of .20, we needed 53 women for
nalyses of antimicrobial sensitivity testing
nd 68 women for analyses of appropriate
ntibiotic administration. Data were ana-
yzed with Stata software (version 9.0; Stata
orporation, College Station, TX). Cate-
oric variables were compared with the use
f the Fisher’s exact test; medians were
ompared with the Wilcoxon’s rank sum
est, and 95% confidence intervals (CIs)
ere calculated for binomial proportions
ith the Agresti-Coull method.

ESULTS
etween April 1, 2008, and December
1, 2008, there were 6982 deliveries at

IH. Of those, 1221 patients who were
BS-positive were identified, giving a
7.5% prevalence of GBS positivity. Ap-
roximately 9% of these women (n �
04) reported a penicillin allergy; these
harts were reviewed.

In this population, 75% of women
ad documentation of the nature of
heir penicillin allergy, and 76% of
omen delivered vaginally (Table 1).
verall, 94% of women received anti-

iotic prophylaxis; 47% of these
omen were given clindamycin. After

he detailed exclusion and inclusion
riteria were applied to the sample, 85
atients remained, and their charts
ere eligible for analyses (Figure 1).
Next, we compared women who did

nd did not have antimicrobial sensitiv-

ty testing (Table 2). Seventy-nine per- 8

MONTH 2010 Ame
ent (95% CI, 68.2– 87.4%) of the 68
omen in the sample received antimi-

robial sensitivity testing. We found a
ower rate of sensitivity testing for GBS
solates that were identified in urine,
ompared with rectovaginal screening
ulture. Although 86% of patients (n �
3/50) with GBS that were identified by
ectovaginal culture had sensitivity test-
ng, only 55% of patients (n � 6/11) with
BS bacteriuria had sensitivity testing

P � .05). We found that women with-
ut antimicrobial sensitivity testing were
ore likely to have higher gravidity and

e multiparous than women with anti-
icrobial sensitivity testing; however,

here was no difference between groups
n terms of age, race/ethnicity, and
hether they received antibiotics.
Table 3 shows the comparisons be-

ween women who did and did not re-
eive an appropriate antibiotic. Of the 84
atients included in these analyses,
6.2% (95% CI, 66 – 84.1%) received an
ppropriate antibiotic. Of those patients
ho received an inappropriate antibi-
tic, 80% (95% CI, 57.8 –92.5%) re-
eived clindamycin. Again, there was no
ifference between groups in terms of
ge, race/ethnicity, provider type (not
hown), gravidity, and whether they re-
eived any antibiotics. The women who
id not receive an appropriate antibiotic
ere more likely to be multiparous,

ompared with women who received an
ppropriate antibiotic.

Our final analyses compared antimi-
robial sensitivity testing, appropriate
ntibiotic prophylaxis, and antimicro-
ial received between 2004-2006 and
008 (Table 4). Antimicrobial sensitivity
esting increased from 11.4% in 2004-
006 to 79.4% in 2008 (95% CI,
.5–16.8% and 68.2– 87.4%, respec-
ively; P � .001). Appropriate antibiotic
rophylaxis increased from 16.2% in
004-2006 to 76.2% in 2008 (95% CI,
1.7–22.1% and 66 – 84.1%, respec-
ively; P � .001). Overall, between both
ime periods, both cephalosporin use
nd vancomycin use increased signifi-
antly (from 8.1% to 20.2% and from
.6% to 28.6%, respectively), and clinda-
ycin use decreased significantly (from
3.3% to 48.8%).

rican Journal of Obstetrics & Gynecology 1.e3
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1

OMMENT
ost cases of early onset neonatal GBS

isease can be prevented by the adminis-
ration of appropriate intrapartum anti-

icrobial prophylaxis to women who
re at risk for transmitting GBS to their
ewborn infant. National guidelines for

he prevention of GBS disease were first
ublished in 1996 and were revised in
002.9,11 In our study that was published
n 2007, we found that 2 important as-

TABLE 1
Characteristics of the study popula

Characteristic

Race/ethnicity
..........................................................................................................

White, non-Hispanic
..........................................................................................................

Black, non-Hispanic
..........................................................................................................

Hispanic
..........................................................................................................

Other
..........................................................................................................

Unknown
...................................................................................................................

Gestational age at delivery, wk
..........................................................................................................

�37
..........................................................................................................

�37
...................................................................................................................

Age, yc

...................................................................................................................

Gravidity
...................................................................................................................

Parity
...................................................................................................................

Type of delivery
..........................................................................................................

Vaginal
..........................................................................................................

Cesarean after labor
..........................................................................................................

Cesarean without labor
...................................................................................................................

Method of identification GBS �
..........................................................................................................

Rectovaginal culture
..........................................................................................................

GBS bacteruria
..........................................................................................................

Screening method not documented
...................................................................................................................

Nature of penicillin allergy
documented in medical record
...................................................................................................................

Received intrapartum antibiotics
...................................................................................................................

Type of antibiotics received
..........................................................................................................

Cephalosporin
..........................................................................................................

Clindamycin
..........................................................................................................

Erythromycin
..........................................................................................................

Vancomycind

...................................................................................................................

CI, confidence interval.
a Unless otherwise specified; b May not add up to 100% secon

patient who received cephalosporin also.

Critchfield. Group B Streptococcus and penicillin allergy
ects of the 2002 guidelines were not be- a

.e4 American Journal of Obstetrics & Gynecology
ng followed: request for antimicrobial
ensitivity testing and prescription of the
ecommended antibiotic.10 In the cur-
ent follow-up study, which was con-
ucted after institutional interventions
ere implemented, we found that adher-

nce to these aspects of the 2002 guide-
ines improved dramatically.

The recommended treatment strategy
or women with a penicillin allergy was
ignificantly changed in the 2002 version

n

na Column %ab (95% CI)

..................................................................................................................

74 71.2 (61.8–79.0)
..................................................................................................................

10 9.6 (5.1–17.0)
..................................................................................................................

12 11.5 (6.6–19.2)
..................................................................................................................

5 4.8 (1.8–11.0)
..................................................................................................................

3 2.9 (0.6–8.5)
..................................................................................................................

..................................................................................................................

10 9.6 (5.1–17)
..................................................................................................................

94 90.4 (83.0–94.9)
..................................................................................................................

29 13–41
..................................................................................................................

2 1–9
..................................................................................................................

1 0–4
..................................................................................................................

..................................................................................................................

79 76.0 (66.9–83.2)
..................................................................................................................

14 13.5 (8.1–21.5)
..................................................................................................................

11 10.6 (5.8–18.1)
..................................................................................................................

..................................................................................................................

73 70.2 (60.8–78.2)
..................................................................................................................

14 13.5 (8.1–21.5)
..................................................................................................................

17 16.4 (10.4–24.7)
..................................................................................................................

78 75.0 (66.6–83.5)

..................................................................................................................

98 94.2 (87.7–97.6)
..................................................................................................................

..................................................................................................................

22 22.5 (15.3–31.7)
..................................................................................................................

46 46.9 (37.4–56.7)
..................................................................................................................

2 2.0 (0.1–7.6)
..................................................................................................................

28 28.6 (20.5–38.2)
..................................................................................................................

to rounding; c Data are given as median (range); d Includes 1

J Obstet Gynecol 2010.
nd reflected the increasing prevalence m

MONTH 2010
f GBS resistance to both clindamycin
nd erythromycin. The revised treat-
ent strategy, now 7 years old, includes a

etailed history of the nature of the pen-
cillin allergy to determine whether a
ephalosporin may be appropriate, a re-
uest for antimicrobial sensitivity testing
or GBS isolates, and treatment with
ntibiotics based on the sensitivity test-
ng.2 Because we found suboptimal ad-
erence to these guidelines in 2004-
006, our institution implemented basic
trategies (posters, educational sessions,
nd reformatting of laboratory requisi-
ion systems) that focused on educating
roviders about the new guidelines and
he reasoning behind them and facilitat-
ng ordering antimicrobial sensitivity
esting.

The 2002 CDC guidelines and experts
n infectious diseases and clinical phar-
acology advocate that practitioners

btain a detailed clinical history of the
enicillin allergy to determine the likeli-
ood that the patient has had a previous
ype I/anaphylactic reaction to penicil-
in. Only 10-20% of patients who self-
eport a penicillin allergy are truly
enicillin-allergic, as assessed by skin test-

ng.12,13 For many patients who report a
enicillin allergy, cephalosporins may be
he best alternative, and experts suggest
btaining a detailed history to determine
hich patients may receive cephalosporins

afely. They suggest that the practitioner
se his or her judgment to determine
hether a cephalosporin would be appro-
riate for the individual patient. The true

ncidence of cephalosporin cross-reactiv-
ty in patients with penicillin allergy is con-
roversial. Although some studies have
hown that allergic reactions to cephalo-
porins are greater in the population of
enicillin-allergic individuals than in non-
enicillin-allergic individuals, the overall

ncidence of anaphylaxis to cephalospo-
ins is �0.001%.12-16

In our study, the use of cephalosporins
or GBS prophylaxis in women who re-
ort a penicillin allergy increased signif-

cantly, from 8% in 2004-2006 to 20% in
008. Although the patients who re-
eived cephalosporins in our population
ere assumed to have been low risk for

naphylaxis, it is also very likely that
tio

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

dary
any patients who are at low risk for
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naphylaxis also received clindamycin or
ven vancomycin. Because of the retro-
pective nature of this study, we could
ot determine clearly which patients
ere high risk and which patients were

ow risk. Although if 80-90% of our pa-
ients could have been low risk for ana-
hylaxis based on what is known about
rue penicillin allergy, we are likely still
nderusing cephalosporins. Increased
ephalosporin use could be attained pos-
ibly by increasing provider awareness of
he elements of a detailed history for risk
f penicillin anaphylaxis. Working with

nfectious disease specialists, we could
lso optimize cephalosporin use by de-
eloping a checklist for a detailed history
or risk for penicillin anaphylaxis. Ulti-

ately, however, determining risk for

TABLE 2
Presence or absence of antimicrob

Characteristic

No

Me

Age, y 30
...................................................................................................................

Gravidity, n 3
...................................................................................................................

Parity, n 1
...................................................................................................................

Total
...................................................................................................................

Race/ethnicity
..........................................................................................................

White, non-Hispanic
..........................................................................................................

Black, non-Hispanic
..........................................................................................................

Hispanic
..........................................................................................................

Other
...................................................................................................................

Method of identification of GBS positive
..........................................................................................................

Rectovaginal culture
..........................................................................................................

GBS bacteriuria
..........................................................................................................

Not documented
...................................................................................................................

Received intrapartum antibiotics
...................................................................................................................

Type of antibiotics received
..........................................................................................................

Clindamycin
..........................................................................................................

Erythromycin
..........................................................................................................

Vancomycinb

..........................................................................................................

Missing
...................................................................................................................

Column % is the percent of the study population who did not h
CI, confidence interval; GBS, group B Streptococcus.
a May not add up to 100% because of rounding; b Includes 1

Critchfield. Group B Streptococcus and penicillin allergy
naphylaxis is at the discretion of the 2
ealthcare provider who is responsible
or ordering the intrapartum antibiotic.

Based on the 2002 guidelines, women
ho were not candidates for cephalospo-

in administration (determined to be too
high risk” for anaphylaxis) should have
eceived antimicrobial sensitivity testing
f their GBS isolates. We found a drastic

mprovement (from 11% in our previ-
us study to 79% in 2008) in the rates of
BS antimicrobial sensitivity testing. In

ddition, we found a similar reduction in
he use of clindamycin in patients with
nknown antimicrobial sensitivities.
lindamycin should be given only to
omen with GBS isolates with known

ntimicrobial sensitivity to both clinda-
ycin and erythromycin, otherwise van-

omycin should be administered. In the

sensitivity testing

sitivity testing Sensiti

n Range n
Column%a

(95% CI) Median

20–40 29.5
.........................................................................................................................

1–9 2
.........................................................................................................................

0–4 0
.........................................................................................................................

14 20.6 (12.5–31.8)
.........................................................................................................................

.........................................................................................................................

10 71.4 (45.0–88.7)
.........................................................................................................................

2 14.3 (2.8–41.2)
.........................................................................................................................

1 7.1 (0–33.5)
.........................................................................................................................

1 7.1 (0–33.5)
.........................................................................................................................

.........................................................................................................................

7 50.0 (26.8–73.2)
.........................................................................................................................

5 35.7 (16.2–61.4)
.........................................................................................................................

2 14.3 (2.8–41.2)
.........................................................................................................................

13 92.9 (66.5–100)
.........................................................................................................................

.........................................................................................................................

7 50.0 (26.8–73.2)
.........................................................................................................................

0 0 (0–25.1)
.........................................................................................................................

6 42.9 (21.3–67.4)
.........................................................................................................................

1 7.1 (0–33.5)
.........................................................................................................................

sensitivity testing and had sensitivity testing, by characteristic, m

nt who received cephalosporin also.

J Obstet Gynecol 2010.
004-2006 data collection period, almost f

MONTH 2010 Ame
ll patients (149/163) who received clin-
amycin did not have antimicrobial sen-
itivity testing (91%); this decreased to
7% (7/41) in 2008.10 Interestingly, we
lso noted that women without antimi-
robial sensitivity testing were more
ikely to be of higher gravidity and mul-
iparity. In our search, there does not ap-
ear to be any link in the published sci-
ntific literature between gravidity and
dherence to prenatal care recommen-
ations. Therefore, we are lacking an ex-
lanation for this finding.
This study also highlights 1 unresolved

ssue for the management of GBS colo-
ization in women who report a penicil-

in allergy: management of GBS bacteri-
ria. The CDC guidelines do not include
pecific recommendations or algorithms

testing

P valueRange n
Column%a

(95% CI)

13–41 .43
..................................................................................................................

1–5 .03
..................................................................................................................

0–3 .02
..................................................................................................................

54 79.4 (68.2–87.4)
..................................................................................................................

.93
..................................................................................................................

41 75.9 (62.9–85.5)
..................................................................................................................

4 7.4 (2.4–18.0)
..................................................................................................................

5 9.3 (3.6–2–0.3)
..................................................................................................................

4 7.4 (2.4–18.0)
..................................................................................................................

.05
..................................................................................................................

43 79.6 (66.9–88.4)
..................................................................................................................

6 11.1 (4.8–22.6)
..................................................................................................................

5 9.3 (3.6–20.3)
..................................................................................................................

54 100 (92.1–100) .21
..................................................................................................................

.24
..................................................................................................................

34 63.0 (49.6–74.6)
..................................................................................................................

2 3.7 (0.3–13.3)
..................................................................................................................

18 33.3 (22.2–46.7)
..................................................................................................................

0 0 (0–7.9)
..................................................................................................................

of identification of GBS, and type of antibiotics received.
ial

sen vity

dia

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........
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......... .........
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ave ethod
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or patients with GBS bacteruiria who re-
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1

ort a penicillin allergy. GBS is “inciden-
ally” found in urine cultures that are
erformed to screen for asymptomatic
acteriuria, which could represent a
issed opportunity for antimicrobial

ensitivity testing. This was suggested in
ur study by the trend towards decreased
ates of sensitivity testing in those
omen who were noted to be GBS-pos-

tive by bacteriuria when compared with
ectovaginal swab. Authors of future re-
isions of GBS prophylaxis guidelines
ay want to consider addressing man-

gement strategies for this population of
atients with GBS that is identified only
y urine culture. One strategy that may
acilitate reflexive antimicrobial sensitiv-

TABLE 3
“Appropriate” antibiotic utilization

Characteristic

Did n

Medi

Age, y 30
...................................................................................................................

Gravidity, n 2
...................................................................................................................

Parity, n 1
...................................................................................................................

Total
...................................................................................................................

Race/ethnicity
..........................................................................................................

White, non–Hispanic
..........................................................................................................

Black, non-Hispanic
..........................................................................................................

Hispanic
..........................................................................................................

Other
..........................................................................................................

Unknown
...................................................................................................................

Method of identification GBS positive
..........................................................................................................

Rectovaginal culture
..........................................................................................................

GBS bacteriuria
..........................................................................................................

Not documented
...................................................................................................................

Nature of penicillin allergy
documented in medical record
...................................................................................................................

Type of antibiotic received
..........................................................................................................

Cephalosporin
..........................................................................................................

Clindamycin
..........................................................................................................

Erythromycin
..........................................................................................................

Vancomycinb

...................................................................................................................

Column % is the percent of the study population who did not re
of antibiotics received.
CI, confidence interval; GBS, group B Streptococcus.
a May not add up to 100% because of rounding; b Includes 1

Critchfield. Group B Streptococcus and penicillin allergy
ty testing would be to require manda- o

.e6 American Journal of Obstetrics & Gynecology
ory documentation of penicillin allergy
or all ordered urine cultures and GBS
creens for order entry. At our institu-
ion and other institutions, this could be
mplemented easily with the use of com-
uterized order entry systems.
This study had several strengths. First,
e reviewed the charts of the entire pop-
lation of pregnant women who were
BS-positive who delivered during the

tudy period to determine penicillin al-
ergy to establish our study sample. Sec-
nd, we reviewed several separate data
ources to determine the outcomes, an-
imicrobial sensitivity testing and appro-
riate antibiotic choice, which maxi-
ized the accuracy of our classification

eceive an appropriate antibiotic Receive

Range n
Column%a

(95% CI) Median

21–40 28.5
.........................................................................................................................

1–9 2
.........................................................................................................................

0–5 0
.........................................................................................................................

20 23.8 (15.9–34.0)
.........................................................................................................................

.........................................................................................................................

14 70.0 (47.9–85.7)
.........................................................................................................................

3 15.0 (4.4–36.9)
.........................................................................................................................

1 5.0 (0–25.4)
.........................................................................................................................

1 5.0 (0–25.4)
.........................................................................................................................

1 5.0 (0–25.4)
.........................................................................................................................

.........................................................................................................................

12 60.0 (38.6–78.2)
.........................................................................................................................

5 25.0 (10.8–47.2)
.........................................................................................................................

3 5.0 (4.4–36.9)
.........................................................................................................................

13 65.0 (43.2–82.0)

.........................................................................................................................

.........................................................................................................................

2 10.0 (1.6–31.3)
.........................................................................................................................

16 80.0 (57.8–92.5)
.........................................................................................................................

2 10.0 (1.6–31.3)
.........................................................................................................................

0 0 (0–19.0)
.........................................................................................................................

an appropriate antibiotic and who received an appropriate antibio

nt who received cephalosporin also.

J Obstet Gynecol 2010.
f the outcomes. One limitation of our v

MONTH 2010
tudy is that this study was a retrospec-
ive review of medical records. There-
ore, our data were limited by what was
ctually recorded in the medical record.
n addition, our study sample was gener-
ted with the use of International Classi-
cation of Diseases–9th revision codes.
lthough coding at WIH has been

hown to be valid and our rates of GBS
ositivity and reported penicillin allergy
re consistent with previous studies,
ome eligible patients may not have been
ncluded in our study sample.10 Last, al-
hough our adherence clearly improved
rom 2004-2006 to 2008, it is not clear
hether any 1 particular intervention
as more influential than another. The

n appropriate antibiotic

P valueange n

3–41 .2
..................................................................................................................

1–5 .15
..................................................................................................................

0–2 .03
..................................................................................................................

64 76.2 (66.0–84.1)
..................................................................................................................

.43
..................................................................................................................

46 71.9 (59.8–81.5)
..................................................................................................................

6 9.4 (4.0–19.3)
..................................................................................................................

8 12.5 (6.2–23.0)
..................................................................................................................

4 6.3 (2.0–15.4)
..................................................................................................................

0 0 (0–6.8)
..................................................................................................................

.16
..................................................................................................................

51 79.7 (68.2–87.9)
..................................................................................................................

7 10.9 (5.1–21.2)
..................................................................................................................

6 9.4 (4.0–19.3)
..................................................................................................................

53 82.8 (71.6–90.3) .12

..................................................................................................................

.001
..................................................................................................................

15 23.4 (14.6–35.2)
..................................................................................................................

25 39.1 (28.0–51.3)
..................................................................................................................

0 0 (0–6.8)
..................................................................................................................

24 37.5 (26.6–49.8)
..................................................................................................................

y characteristic, method of identification of GBS, and type
ot r d a

an R

1
......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

ceive tic, b

patie
ery low adherence rates in 2004-2006 to
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www.AJOG.org Obstetrics Research
he guidelines for GBS prophylaxis in
omen with penicillin allergy prompted

he hospital to begin a multifaceted in-
ervention that involved both laboratory
orm changes and educational sessions.
iven that our data were collected after

he hospital had implemented all of its
nterventions, we are unable to deter-

ine whether the form changes or edu-
ational sessions had a larger impact on
he increased adherence.

Although this study includes only 1 in-
titution and does not provide informa-
ion about adherence at other institu-
ions or nationally, it is an example for
ther institutions to investigate their ad-
erence to the 2002 guidelines for GBS
hemoprophylaxis in women with peni-
illin allergy and to implement changes
hen adherence is found to be subopti-
al. Our institution educated providers

nd staff and made simple changes to or-
er forms that allowed documentation
f whether patients have a penicillin al-

ergy (to allow for reflex testing of GBS
solates). These changes were not expen-
ive or difficult to implement and easily
ould be considered at other institutions.

Reduction of the use of ineffective an-
ibiotics (clindamycin or erythromycin
or patients with GBS isolates of un-
nown susceptibilities) could further re-
uce the incidence of early onset GBS
isease. Appropriate antepartum and in-

TABLE 4
GBS prophylaxis, comparisons betw

Characteristic

Underwent antimicrobial sensitivity testing
...................................................................................................................

Received an appropriate antibiotic
...................................................................................................................

Type of antibiotic received
..........................................................................................................

Cephalosporin
..........................................................................................................

Clindamycin
..........................................................................................................

Erythromycin
..........................................................................................................

Vancomycin
...................................................................................................................

Column % is the percent of the study population in 2004-200
CI, confidence interval; GBS, group B Streptococcus.
a “N” refers to the number in the row; “total” means the total in

underwent antimicrobial sensitivity testing of a total of 185 w

Critchfield. Group B Streptococcus and penicillin allergy
rapartum management of women who S
ave penicillin allergy and are GBS-pos-
tive could have a significant impact on
BS disease. Using a prevalence of GBS

olonization of 20% and a prevalence of
eported penicillin allergy of 10%, we es-
imate that 2% of the pregnant popula-
ion is both GBS colonized and report-
dly penicillin-allergic. Treating this 2%
f patients appropriately could affect the
utcomes of 80,000 neonates annually
using the estimated 4 million US births
n 2008).

The administration of prophylactic
ntibiotics during labor has reduced
reatly the incidence of early onset neo-
atal GBS disease. Choosing an appro-
riate antibiotic is a key to this strategy.
ntimicrobial sensitivity testing and ap-
ropriate antibiotic prophylaxis are
ighlighted in the 2002 CDC guidelines.
e found that, although adherence to

hese guidelines at our institution was
uboptimal, adherence could be im-
roved dramatically by the implementa-
ion of easy low-cost strategies. Institu-
ions should consider monitoring their
ntibiotic practices for women who are
BS-positive who report a penicillin al-

ergy to maximize reductions in the inci-
ence of early-onset GBS disease. f
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