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Abstract

The aims of this study were to describe the adherence to CDC guidelines for intrapartum

antibiotic prophylaxis (IAP) and to identify possible factors influencing noncompliance with

guidelines. We conducted a retrospective study in Italy. Our cohort included women in

whom antenatal Group B Streptococcus (GBS) screening was not performed, was per-

formed, but results were not available at the time of labor or delivery and women who were

positive for GBS colonization. The indications for complete execution of IAP according to

revised CDC guidelines was evaluated. It was considered adequate when performed with

a recommended antibiotic at least four hours prior to delivery. The cohort included 902

women. Among those who had performed rectal and vaginal swabs (or recto-vaginal

swabs), results were available in 86.9% of vaginal swabs and in 87.1% of rectal swabs and

GBS was detected in 59.8% of vaginal swabs and in 71% of rectal swabs. 49.2% women

had indication for GBS prophylaxis. Among these, 91.1% received an antibiotic during labor.

Totally appropriate IAP was performed in 36.3% deliveries, an inappropriate antibiotic was

administered in 10.4% women, the remaining 45.3% women received partially appropriate

IAP; of these, 15.5% had received antibiotics through an inappropriate route of administra-

tion, 18.2% an inappropriate dosage regimen. Overall, 27.5% women received intrapartum

ampicillin with inappropriate timing. Multivariate analysis showed that totally appropriate pro-

phylaxis was significantly more likely in women who had no previous live birth, who had vagi-

nal delivery, and a positive result at antenatal GBS screening. Despite satisfactory GBS

screening implementation, there is still a substantial gap between optimal and actual IAP.

We hypothesize that the complexity of the CDC guidelines may partially explain this short-

coming. Future efforts will include initiatives focused at enabling and reinforcing adherence

to evidence-based prevention practices.
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Introduction

Early-onset group B streptococcal disease (EOGBSD) has long been the major infectious cause

of first-week neonatal morbidity and mortality [1] and infants born to heavily recto-vaginal

Group B Streptococcus (GBS) colonized women have been found to be at an increased risk of

neonatal sepsis [2]. Epidemiological studies have revealed that pregnant women colonized

with GBS are 25 times more likely to deliver infants developing EOGBSD than women with

negative prenatal cultures [3,4]. Maternal intrapartum antibiotic prophylaxis (IAP) rather than

treatment is the most effective means to reduce neonatal GBS infections and the burden of the

disease. Current CDC recommendations promote culture-based screening of all pregnant

women at 35–37 weeks of gestation and IAP for GBS-positive women [5]. The 2010 Italian

Guidelines on Physiologic Pregnancy (revised in 2011 by the National System for Guidelines)

[6] are totally in agreement with the CDC guidelines. As a result of these guidelines, the overall

incidence of EOGBSD has progressively declined in countries or regions that have introduced

routine screening and IAP [7,8].

Few previous studies have analyzed IAP appropriateness and its overall adherence to rec-

ommended guidelines, ranging from 50% to 71% [9–12].

The aims of this study were to explore to what extent pregnant women undergo GBS

screening and, among those with an indication for IAP, to evaluate the adherence to CDC

guidelines [5] to prevent EOGBSD and to identify possible factors influencing noncompliance

with guidelines.

Materials and Methods

We conducted a retrospective study at 4 randomly selected delivery units in Calabria, Italy,

from January through December 2014.

From the total cohort of pregnant women, we first excluded those who: 1) were<18 years

at delivery and 2) delivered infants with a diagnosis of intrauterine unexplained fetal death.

Only one twin pregnancy was accounted for. Since our aim was to describe the adherence to

IAP according to revised CDC guidelines, we excluded women with documented negative

results at GBS antenatal screening. Therefore, our cohort included: 1) women in whom ante-

natal GBS screening was not performed; 2) women in whom screening was performed, but

results were not available at the time of labor or delivery; 3) women who were positive for GBS

colonization.

Maternal and obstetrical data, and bacterial culture for GBS results were obtained from

medical records. The information was extracted by two trained physicians, having experience

in clinical documentation. The information included sociodemographic data (age at delivery,

marital status, education level, working activity, nationality), documented beta-lactams allergy,

gestational age at birth, labor onset, mode, date and hour of delivery, antenatal GBS screening

and culture results, risk factors for GBS infection (maternal colonization with GBS in the geni-

tourinary or gastrointestinal tracts, GBS bacteriuria at any time during current pregnancy,

positive anamnesis for previous infant with diagnosis of early-onset GBS disease), risk factors

of early-onset GBS disease (intrapartum maternal temperature >38˚C, amniotic membrane

rupture�18 hours,< 37 gestational weeks at delivery), details of intrapartum chemoprophy-

laxis (choice of antibiotic, route and time of drug administration, dosage regimen). We then

evaluated the indications for complete execution of intra-partum antibiotic prophylaxis (IAP),

that was considered adequate when performed with a recommended antibiotic at least four

hours prior to delivery [13].

According to revised CDC guidelines for the prevention of neonatal GBS disease [5], all

pregnant women should be screened at 35–37 weeks’ gestation for vaginal and rectal GBS
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colonization. IAP administration, at the time of labor or rupture of membranes, should be per-

formed in several cases: 1) women who tested positive for GBS colonization, except those with

a planned caesarean section before onset of labor and with intact amniotic membranes; 2)

women in whom screening was not performed or results were not available at the time of labor

or delivery, and presented at least one of any following conditions: a) women who were <37

weeks and 0 days’ gestation; b) who had a duration of membrane rupture�18 hours; c) who

had a temperature of�38˚C.

Moreover, IAP is indicated in: 1) women positive for GBS isolated from the urine at any

time; 2) women with symptomatic or asymptomatic GBS urinary tract infection detected dur-

ing their current pregnancy; 3) women who had a previous infant with invasive GBS disease.

Penicillin is the recommended IAP agent but, as it is not produced in Italy, ampicillin is

routinely administered as a standard dose of 2 g intravenously from the onset of labor plus 1 g

intravenously every 4 hours until delivery. Beta-lactam allergic patients receive erythromycin

or clindamycin intravenously in equivalent dosage. Women with reported beta-lactam allergy,

but at low risk for anaphylaxis should receive cephazolin, while those at high risk of anaphy-

laxis (prior history of anaphylaxis, angioedema, respiratory distress or urticaria following

administration of a penicillin or cephalosporin) should receive clindamycin (if the GBS is sus-

ceptible) or vancomycin.

The IAP has been judged totally appropriate if all items were in accordance with the

guidelines, partially appropriate if antibiotic was chosen from preferred or alternative anti-

biotics suggested by the guidelines, but at least one of the other main components did not

follow adherence to the guidelines, and inappropriate if the antibiotic choice was not recom-

mended by the guidelines or all four criteria were considered as non-compliant with the

guidelines.

Approval from the Institutional Ethics Committee (“Mater Domini” Hospital of Catanzaro,

Italy) was obtained (10/03/2015) As a matter of course, written informed consent is always

requested when admission to the delivery units occurs, and only the patients who had given

permission for their personal data to be used for research were included in the study.

Statistical analysis

Univariate analysis and multivariate stepwise logistic regression analysis were performed.

Univariate analysis was performed using Chi-square test. A model was developed including

those variables potentially associated with the following outcome of interest: IAP appropri-

ateness (0 = not appropriate/partially appropriate, 1 = totally appropriate) (Model 1),

according to CDC guidelines. Model building strategy and particularly ways to include

independent variables in the model (ordinal or categorical) took into account how each of

these ways better fitted the data at the univariate analysis and we chose that way in the mul-

tivariate analysis. Independent variables for which p was <0.25 in univariate analysis were

included in the multivariate models. In the model the explanatory variables included were

the following: nationality (0 = Italian, 1 = other), previous live birth (0 = none, 1 = 1 or

more), type of birth (0 = normal spontaneous vaginal delivery, 1 = planned cesarean section,

2 = emergency cesarean section), antenatal GBS screening (0 = not performed, 1 = GBS

positive, 2 = GBS unknown) included as a dummy variable with GBS positive being the ref-

erence category. Adjusted odds ratio (ORs) and 95% confidence intervals (CIs) were calcu-

lated. The significance level for variables entering the logistic regression models was set at

0.2 and for removal from the model at 0.4. A two-sided p-value of 0.05 or less was consid-

ered as indicating a statistically significant difference. The data were analyzed using the

Stata software program, version 14 [14].
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Results

During the study period a total of 4464 women delivered in maternity units of four selected

hospitals. Of these, 45 were excluded because: 1) medical records were not available; 2)

women were�18 years at delivery; 3) intrauterine unexplained fetal death was detected. Of

the remaining 4419, 3988 (90.2%) were examined with GBS antenatal screening (rectal or

vaginal swab or both). Among eligible women who had performed GBS antenatal screening,

3517 (88.2%) showed negative culture results and thus were excluded from the cohort. Of the

remaining, 390 (9.8%) resulted positive to GBS screening and 81 (2%) performed GBS ante-

natal screening with unknown results at the time of labor or delivery. Only 431 (9.8%) of all

eligible women did not undergo GBS antenatal screening. Therefore, the overall cohort

included 902 women (Fig 1).

The mean age of the study population was 31.3 years with an age range between 18 and 54

years. The vast majority (80.5%) were married and 386 (44.1%) had completed high school.

719 (79.7%) were Italians and about 46% were housewives. More than half of the sample

(58.7%) had spontaneous vaginal deliveries, and 164 (18.2%) had emergency cesarean sections.

The mean gestational age at birth was 38.1 weeks (±2.7 SD). Overall, 429 (47.6%) of the

women were primigravidas and multiple births occurred in 19 (2.1%). For women whose ges-

tational age at the prenatal cultures were recorded, 70 (25.2%) were at<35 weeks gestation,

173 (62.2%) at 35–37 weeks, and 35 (12.6%) at>37 weeks; among these, 18 (6.5%) were cul-

tured as soon as possible after hospital admission, in emergency. Among women of the overall

cohort, 471 performed antenatal GBS screening, culture sites were rectal and vaginal (or recto-

vaginal) in 435 (92.4%) women; the remaining cultures were collected at the vaginal site in

only 35 (7.4%) women and at the rectal site in only 1 (0.2%) woman. Among those who had

performed rectal and vaginal swabs (or recto-vaginal swabs), results were available in 378

(86.9%) of vaginal swabs and in 379 (87.1%) of rectal swabs and GBS was detected in 260

(59.8%) of vaginal swabs and in 309 (71%) of rectal swabs. The antimicrobial sensitivity pattern

of isolates was available for only 11.1% of positive swabs, and in 63.6% of these tetracycline-

resistant strains were observed. The prevalence of self-reported beta-lactam antibiotic allergy

was 36 (4.1%).

Fig 1. Study population. This figure shows population of women who delivered in selected maternity units

and overall study cohort.

doi:10.1371/journal.pone.0166179.g001
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Among the study cohort, 444 (49.2%) women had indication for GBS chemoprophylaxis

(Fig 2). According to CDC guidelines, the main reasons to indicate IAP administration were:

documented positive results at antenatal GBS screening in 308 women; unknown GBS status

(not performed or undocumented results of antenatal GBS screening) at the onset of labor in

the presence of the following risk conditions: i) preterm delivery (at <37 weeks and 0 days’

gestation) in 93 women; ii) duration of membrane rupture�18 hours in 26 women; iii) both

previous risk conditions in 16 women; iv) observed temperature �38˚C at delivery in 1 case.

The IAP administration approach is reported in Fig 2. Among women with IAP indication,

408 (91.1%) received an antibiotic during labor. Totally appropriate IAP was performed in

161 (36.3%) deliveries, an inappropriate antibiotic was administered in 46 (10.4%) women,

the remaining 201 (45.3%) women received partially appropriate IAP; of these, 69 (15.5%)

had received antibiotics through an inappropriate route of administration (intramuscular or

oral) and 81 (18.2%) an inappropriate dosage regimen. Overall, 122 (27.5%) women received

intrapartum ampicillin with inappropriate timing. Among those who declared a history of

allergy to beta-lactam antibiotics, two were treated with clindamycin (but no susceptibility

testing was performed prior to administration, despite it was recommended) and vancomy-

cin, respectively.

Appropriateness of IAP according to various characteristics of pregnant women and results

of univariate analysis are is illustrated in Table 1. The univariate analysis showed that totally

appropriate IAP administration was significantly more likely in women who delivered at�37

weeks gestation (χ2 = 17.17, p<0.001) compared with those whose delivered preterm (41.8%

vs 20.1%), who had no previous live birth (χ2 = 15.37, p<0.001) compared with those had one

or more previous live birth (44.2% vs 26.2%), who had vaginal delivery (χ2 = 19.09, p<0.001)

compared with those had emergency cesarean section (42.7% vs 20.8%), and a positive result

at antenatal GBS screening (χ2 = 27.39, p<0.001) compared with those whose results were

unknown or who had not performed screening (44.2% vs 31.7%). Moreover, totally appropri-

ate IAP administration was significantly higher in Italian pregnant women (χ2 = 6.89,

p = 0.009) compared with foreign individuals (38.9% vs 22.5%). Results of the multivariate

stepwise logistic regression analysis substantially confirmed those of the univariate analysis

except for gestational age that was removed from the model (Table 2).

Fig 2. IAP administration approach. This figure reports women who had indication for GBS

chemoprophylaxis among study cohort and intrapartum antibiotic prophylaxis administration approach.

doi:10.1371/journal.pone.0166179.g002
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Discussion

Our study provides a comprehensive assessment of antenatal GBS screening and an in depth

evaluation of IAP administration in pregnant women in our area of investigation.

Introduction of recommended universal culture-based antenatal screening of all pregnant

women at 35–37 weeks of gestation is likely to have contributed to the documented decline in

the incidence of early-onset group B streptococcal (EOGBS) disease [15]. The data in our

study confirm that antenatal GBS screening has been successfully implemented in our area of

Table 1. Appropriateness of IAP according to several characteristics of pregnant women.

All IAP indication

Total Totally

appropriate

administration*

p

N % N % N %

Age, years

<25 131 14.5 60 13.5 21 35 0.651

25–29 218 24.2 107 24.1 45 42.1

30–34 274 30.4 142 32 50 35.2

35–39 206 22.8 101 22.7 35 34.6

�40 73 8.1 34 7.7 10 29.4

Education level†

No formal education/Completing primary school 84 9.6 33 7.7 9 27.3 0.279

Completing secondary school 211 24.1 83 19.3 24 28.9

Completing high school 386 44.1 200 46.5 76 38

Holding a bachelor’s degree or any college degree 195 22.2 114 26.5 45 39.5

Nationality

Italian 719 79.7 373 84 145 38.9 0.009

Other 183 20.3 71 16 16 22.5

Gestational age, week

<37 weeks of gestation 198 22 114 25.7 23 20.1 <0.001

�37 weeks of gestation 704 78 330 74.3 138 41.8

Previous live birth

None 429 47.6 249 56.1 110 44.2 <0.001

1 or more 473 52.4 195 43.9 51 26.2

Course of pregnancy

Physiologic 619 68.9 323 72.7 121 37.5 0.390

Pathologic 283 31.4 121 27.3 40 33.1

Type of delivery

Normal spontaneous vaginal delivery 530 58.8 314 70.7 134 42.7 <0.001

Planned cesarean section 208 23 - - -

Emergency cesarean section 164 18.2 130 29.3 27 20.8

Antenatal GBS screening

Not performed 431 47.8 120 23 19.2 <0.001

GBS positive 390 43.2 308 136 44.2

GBS unknown 81 9 16 2 12.5

Total 902 444 49.2 161 36.3

* Totally appropriate administration: administration in accordance with all characteristics of the revised CDC guidelines5

† Percentages are calculated on available data (876)

doi:10.1371/journal.pone.0166179.t001
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investigation. Indeed, 90.2% of women were examined with GBS antenatal screening and

62.2% at the appropriate gestational age. Moreover, we found an available documented result

at delivery in 98% of the screened women with GBS antenatal screening. The percentage of

GBS screened women was higher than the 85% reported from other national and international

studies [12,15], and this increase in the adoption of screening has been probably coupled with

the use of other recommended prenatal screening tests and with the greater prenatal care utili-

zation [9]. GBS colonization was 9.8% in our population; which is lower than that reported in

many previous studies in the literature [9,11,12,16,17], although it is well known that GBS

maternal colonization varies from place to place. Moreover, other factors may have contrib-

uted to this variation, including socio-economic factors, variable clinical practices, methods in

sample collection and processing techniques, as well as ethnic and genetic factors that may

play a role in rates of GBS infection [18]. Although about two-third of participants had per-

formed screening at the recommended time, our findings showed about 25% of women were

tested before the recommended 35 weeks of gestation. Antenatal GBS screening outside the

recommended window may yield false negative results, because GBS colonization during preg-

nancy can be transient [19]; furthermore, to improve culture test performance, CDC encour-

age screening less than 5 weeks before delivery [20].

As regards the choice of culture site, in women who were screened through both vaginal

and rectal swabs, but separately, GBS was detected in 59.8% and in 71% of vaginal and rectal

swabs, respectively, confirming that GBS colonization of rectal samples is higher than that of

vaginal samples [21], and that rectovaginal sampling is more appropriate than vaginal sam-

pling only [22–25].

Findings of our study showed that IAP was indicated in almost half (49.2%) of pregnant

women and, among these, we report a high rate (91.1%) of IAP administration, in agreement

with CDC revised guidelines. Similar results were observed in previous studies [15,26–28].

However, totally appropriate IAP, evaluated on all four criteria (drug choice, route of

Table 2. Logistic regression model results on predictors of appropriate IAP administration.

Model 1. Outcome: Totally appropriate IAP

administration

Log-likelihood = -261.78, χ2 =

0.00, p<0.0001, No. of obs. =

444

Variable

OR 95%CI

Nationality

Italian 1.00

Other 0.53 0.28–0.99

Previous live birth

None 1.00

1 or more 0.41 0.27–0.63

Type of delivery

Normal vaginal delivery 1.00

Emergency cesarean section 0.68 0.52–0.88

Antenatal GBS screening

GBS positive 1.00

Not performed 0.41 0.24–0.71

GBS unknown 0.23 0.05–1.06

doi:10.1371/journal.pone.0166179.t002

Appropriateness of Intrapartum Antibiotic Prophylaxis and Neonatal Group B Streptococcus Disease

PLOS ONE | DOI:10.1371/journal.pone.0166179 November 18, 2016 7 / 11



administration, dosage regimen and timing), was achieved in only 36.3% of pregnant

women, and this low rate is a cause for concern, since missing or partially appropriate IAP

may expose newborns to an increased risk of EOGBSD [29]. In previous studies, the most

significant criterion adopted to evaluate IAP appropriateness was the timing, whereas other

IAP items were not analyzed in detail. Therefore, comparisons with other studies should be

made cautiously. Among women with an indication for GBS prophylaxis, Goins et al. [9]

and De Luca et al. [11] reported optimal IAP in 61.2% and 50% of deliveries, respectively.

Berardi et al. [12] in a prospective cohort study showed that adequate IAP was administered

in 52% of GBS culture-positive women and in 62.2% of the women with unknown GBS status

and risk factors.

Regarding the choice of drug, the reported practice was well aligned with the guidelines for

patients with no allergy to penicillin. Since GBS strains have become increasingly resistant to

most of the alternative agents, this particular clinical situation is one in which there is the

potential for improvement in compliance with the guidelines [30].

Another opportunity for improvement is related to the timing of IAP administration [30].

Recent guidelines recommend IAP administration at least 4 hours before delivery: we

reported that 27.5% of women received intrapartum ampicillin with inappropriate timing.

Although health-care providers are unable to adhere to this recommendation in women who

deliver precipitately and the most recent CDC guidelines state that no necessary obstetric

procedure should be delayed to achieve 4 hours of GBS prophylaxis before delivery [5].

Therefore, the key question is whether newborns, delivered by women who had not received

IAP at least 4 hours before delivery have any protection against vertical GBS transmission

[31]. The origin of this four-hour timing criterium for IAP is unclear [10], but previous stud-

ies assessing the optimal timing of IAP for maternal colonization with GBS, without other

risk factors, have shown increased rates of neonatal GBS colonization, but no increased risk

of neonatal sepsis in infants whose mothers received antibiotic prophylaxis <4 hours before

delivery [32–34].

In the present study type of delivery, availability and result of GBS screening and previous

live births showed to be significantly associated to IAP appropriateness. The finding that vagi-

nal delivery and a positive result to GBS screening were predictors of appropriate IAP may

be related to a more straightforward guidelines description of IAP practice in these circum-

stances, whereas the guidelines algorithm explaining how to implement IAP in case of caesar-

ian section and in presence of unknown results or not performed screening appear to be

more complicated and may be more prone to misunderstandings. In a similar study, instead,

women who delivered vaginally were less likely to receive appropriate IAP compared with

those who delivered by cesarean section [9]. However, the authors excluded caesarian deliver-

ies occurring less than 4 hours after rupture of membranes that were instead included in our

study. Finally, the finding that appropriateness of IAP was significantly more likely in women

who had no previous live birth may be related to a more careful management of first preg-

nancy prenatal care, although no association of IAP appropriateness with number of pregnan-

cies was found in a previous study [9].

Several limitations should be acknowledged in this study. The study is retrospective and

data were obtained by review of medical records and not directly observed, and documenta-

tion could have been not fully reported: indeed, we do not have information about GBS bacte-

riuria during current pregnancy and anamnesis for previous infants with EOGBSD diagnosis.

Moreover, our data may not be representative of the entire region, reflecting practices of four

maternity units. Finally, history of self-reported allergy to beta-lactam antibiotics was not doc-

umented by antimicrobial sensitivity testing, thus our results on this point and on appropriate

agent choice for women with penicillin allergy were empirical.
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Conclusion

IAP is a success story for modern obstetrics, having decreased the rate of EOGBS infections by

more than 80%. However, the findings of our study are in agreement with those of Verani

et al. [35] that there is still room for improvement. Despite satisfactory GBS screening imple-

mentation, there is still a substantial gap between optimal and actual IAP implementation

as first reported by Van Dyke et al. [15] and by Edwards et al. [30]. We hypothesize that the

complexity of the CDC guidelines may partially explain this shortcoming. Future efforts will

include initiatives focused at enabling and reinforcing adherence to evidence-based prevention

practices. The efficacy of this strategy, as well as practices that diverged from best available evi-

dence, should be evaluated systematically.

Supporting Information

S1 File. Dataset. This file reports the complete dataset to replicate the findings of the study.

(XLSX)

Acknowledgments

Members of the Collaborative Working Group are as follows: Caterina De Filippo, Ilario Laz-

zaro, Francesco Fera, Luisa Pavone (Teaching Hospital of Catanzaro), Nicola MS Pelle, Gian-

luca Raffaele, Antonio Gallucci (Regional Hospital of Catanzaro), Paolo Vazzana (Regional

Hospital of Reggio Calabria), Amalia Milano, Valeria Teti (Local Hospital of Soverato, ASP of

Catanzaro).

Author Contributions

Conceptualization: AB MP.

Data curation: AB EL CP.

Formal analysis: AB EL.

Investigation: AB EL CP.

Methodology: AB EL MP.

Project administration: AB MP.

Supervision: AB MP.

Validation: AB EL MP.

Visualization: EL.

Writing – original draft: AB EL CP.

Writing – review & editing: AB MP.

References
1. McCracken GH Jr. Group B streptococci: the new challenge in neonatal infections. J Pediatr. 1973;

82:703–706. PMID: 4572746

2. Stoll BJ, Hansen NI, Sanchez PJ, Faix RG, Poindexter BB, Van Meurs KP, et al. Early onset neonatal

sepsis: the burden of group B Streptococcal and E coli disease continues. Pediatrics. 2011; 127:817–

826. doi: 10.1542/peds.2010-2217 PMID: 21518717

3. Schuchat A, Wenger J. Epidemiology of group B streptococcal disease: risk factors prevention strategy

and vaccine development. Epidemiol Rev. 1994; 16:374–402. PMID: 7713185

Appropriateness of Intrapartum Antibiotic Prophylaxis and Neonatal Group B Streptococcus Disease

PLOS ONE | DOI:10.1371/journal.pone.0166179 November 18, 2016 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166179.s001
http://www.ncbi.nlm.nih.gov/pubmed/4572746
http://dx.doi.org/10.1542/peds.2010-2217
http://www.ncbi.nlm.nih.gov/pubmed/21518717
http://www.ncbi.nlm.nih.gov/pubmed/7713185


4. Centers for Disease Control and Prevention. Prevention of prenatal group B streptococcal disease: a

public health perspective. MMWR. 1996; 45(RR7):1–24. Available at: www.cdc.gov/mmwr/preview/

mmwrhtml/rr5910a1.htm. Accessed June 27, 2016.

5. Centers for Disease Control and Prevention. Prevention of perinatal group B streptococcal disease-

revised guidelines from CDC, 2010. MMWR. 2010; 59(RR10):1–32. Available at: www.cdc.gov/mmwr/

preview/mmwrhtml/rr5910a1.htm. Accessed June 27, 2016.

6. National System for Guidelines. Physiologic Pregnancy, Guideline 20. 2011. Available at: http://www.

snlg-iss.it. Accessed June 27, 2016.

7. Schrag SJ, Zywicki S, Farley MM, Reingold AL, Harrison LH, Lefkowitz LB, et al. Group B streptococcal

disease in the era of intrapartum antibiotic prophylaxis. N Engl J Med. 2000; 342:15–20. doi: 10.1056/

NEJM200001063420103 PMID: 10620644

8. Phares CR, Lynfield R, Farley MM, Mohle-Boetani J, Harrison LH, Petit S, et al. Epidemiology of inva-

sive group B streptococcal disease in the United States, 1999–2005. JAMA. 2008; 299:2056–2065. doi:

10.1001/jama.299.17.2056 PMID: 18460666

9. Goins WP, Talbot TR, Schaffner W, Edwards KM, Craig AS, Schrag SJ, et al. Adherence to perinatal

group B streptococcal prevention guidelines. Obstet Gynecol 2010; 115:1217–1224. doi: 10.1097/

AOG.0b013e3181dd916f PMID: 20502293

10. Turrentine MA, Greisinger AJ, Brown KS, Wehmanen OA, Mouzoon ME. Duration of intrapartum antibi-

otics for group B streptococcus on the diagnosis of clinical neonatal sepsis. Infect Dis Obstet Gynecol.

2013; 2013:525878. doi: 10.1155/2013/525878 PMID: 23606801

11. De Luca C, Buono N, Santillo V, Licameli A, Straface G, Scambia G, et al. Screening and management

of maternal colonization with Streptococcus agalactiae: an Italian cohort study. J Matern Fetal Neonatal

Med. 2016; 29:911–915. doi: 10.3109/14767058.2015.1023188 PMID: 25758622

12. Berardi A, Di Fazzio G, Gavioli S, Di Grande E, Groppi A, Papa I, et al. Universal antenatal screening

for group B streptococcus in Emilia-Romagna. J Med Screen. 2011; 18:60–64. doi: 10.1258/jms.2011.

011023 PMID: 21852697

13. Turrentine M. Intrapartum antibiotic prophylaxis for Group B Streptococcus: has the time come to wait

more than 4 hours? Am J Obstet Gynecol. 2014; 211:15–17. doi: 10.1016/j.ajog.2013.12.010 PMID:

24315859

14. StataCorp. 2015. Stata: Release 14. Statistical Software. College Station, TX: StataCorp LP.

15. 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; 360:2626–2636. doi: 10.1056/

NEJMoa0806820 PMID: 19535801

16. Woldu ZL, Teklehaimanot TG, Waji ST, Gebremariam MY. The prevalence of Group B Streptococus

recto-vaginal colonization and antimicrobial susceptibility pattern in pregnant mothers at two hospitals

of Addis Ababa, Ethiopia. Reprod Health. 2014; 11:80. doi: 10.1186/1742-4755-11-80 PMID: 25476269

17. Agricola J, Mecky IM, Furaha AM, Eligius FL. Maternal and neonatal colonisation of group B streptococ-

cus at Muhimbili National Hospital in Dar es Salaam, Tanzania: prevalence, risk factors and antimicro-

bial resistance. BMC Public Health. 2009; 9:437. doi: 10.1186/1471-2458-9-437 PMID: 19948075

18. American academy of Pediatrics committee on infectious diseases and committee on fetus and new-

born. Revised guidelines for prevention of early onset group B streptococcal (GBS) infection. Pediatrics.

1997; 99:489–497.

19. Yow MD, Leeds LJ, Thompson PK, Mason EO Jr, Clark DJ, Beachler CW. The natural history of group

B streptococcal colonization in the pregnant woman and her offspring. I. Colonization studies. Am J

Obstet Gynecol. 1980; 137:34–38. PMID: 6989247

20. Yancey MK, Schuchat A, Brown LK, Ventura VL, Markenson GR. The accuracy of late antenatal

screening cultures in predicting genital group B streptococcal colonization at delivery. Obstet Gynecol.

1996; 88:811–815. doi: 10.1016/0029-7844(96)00320-1 PMID: 8885919

21. Madani TA, Harding GK, Helewa M, Alfa MJ. Screening pregnant women for group B streptococcal col-

onization. Infection. 1998; 26:288–291. PMID: 9795786

22. El Aila NA, Tency I, Claeys G, Saerens B, Cools P, Verstraelen H, et al. Comparison of different sam-

pling techniques and of different culture methods for detection of group B streptococcus carriage in

pregnant women. BMC Infect Dis. 2010; 10:285. doi: 10.1186/1471-2334-10-285 PMID: 20920213

23. Centers for Disease Control and Prevention. Prevention of Perinatal Group B Streptococcal Disease.

Revised Guidelines from CDC. MMWR. 2002; 51(RR11):1–22. Available at: https://www.cdc.gov/

mmwr/preview/mmwrhtml/rr5111a1.htm. Accessed June 27, 2016.

24. Diaz TM, Nieves BM. Comparison between culture media and procedures to detect Streptococcus aga-

lactiae in pregnant women. Rev Chil Infectol. 2008; 25:108–113.

Appropriateness of Intrapartum Antibiotic Prophylaxis and Neonatal Group B Streptococcus Disease

PLOS ONE | DOI:10.1371/journal.pone.0166179 November 18, 2016 10 / 11

http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5910a1.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5910a1.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5910a1.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5910a1.htm
http://www.snlg-iss.it
http://www.snlg-iss.it
http://dx.doi.org/10.1056/NEJM200001063420103
http://dx.doi.org/10.1056/NEJM200001063420103
http://www.ncbi.nlm.nih.gov/pubmed/10620644
http://dx.doi.org/10.1001/jama.299.17.2056
http://www.ncbi.nlm.nih.gov/pubmed/18460666
http://dx.doi.org/10.1097/AOG.0b013e3181dd916f
http://dx.doi.org/10.1097/AOG.0b013e3181dd916f
http://www.ncbi.nlm.nih.gov/pubmed/20502293
http://dx.doi.org/10.1155/2013/525878
http://www.ncbi.nlm.nih.gov/pubmed/23606801
http://dx.doi.org/10.3109/14767058.2015.1023188
http://www.ncbi.nlm.nih.gov/pubmed/25758622
http://dx.doi.org/10.1258/jms.2011.011023
http://dx.doi.org/10.1258/jms.2011.011023
http://www.ncbi.nlm.nih.gov/pubmed/21852697
http://dx.doi.org/10.1016/j.ajog.2013.12.010
http://www.ncbi.nlm.nih.gov/pubmed/24315859
http://dx.doi.org/10.1056/NEJMoa0806820
http://dx.doi.org/10.1056/NEJMoa0806820
http://www.ncbi.nlm.nih.gov/pubmed/19535801
http://dx.doi.org/10.1186/1742-4755-11-80
http://www.ncbi.nlm.nih.gov/pubmed/25476269
http://dx.doi.org/10.1186/1471-2458-9-437
http://www.ncbi.nlm.nih.gov/pubmed/19948075
http://www.ncbi.nlm.nih.gov/pubmed/6989247
http://dx.doi.org/10.1016/0029-7844(96)00320-1
http://www.ncbi.nlm.nih.gov/pubmed/8885919
http://www.ncbi.nlm.nih.gov/pubmed/9795786
http://dx.doi.org/10.1186/1471-2334-10-285
http://www.ncbi.nlm.nih.gov/pubmed/20920213
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5111a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5111a1.htm


25. Allen UD, Navas L, King SM. Effectiveness of intrapartum penicillin prophylaxis in preventing early-

onset group B streptococcal infection: results of a meta-analysis. CMAJ. 1993; 149:1659–1665. PMID:

8242505

26. Puccio G, Cajozzo C, Canduscio LA, Cino L, Romano A, Schimmenti MG, et al. Epidemiology of Toxo-

plasma and CMV serology and of GBS colonization in pregnancy and neonatal outcome in a Sicilian

population. Ital J Pediatr. 2014; 40:23. doi: 10.1186/1824-7288-40-23 PMID: 24559197

27. Berardi A, Lugli L, Rossi C, China M, Chiossi C, Gambini L, et al. Intrapartum antibiotic prophylaxis fail-

ure and group-B streptococcus early-onset disease. J Matern Fetal Neonatal Med. 2011; 24:1221–

1224. doi: 10.3109/14767058.2011.552652 PMID: 21714691

28. Schrag SJ, Zell ER, Lynfield R, Roome A, Arnold KE, Craig AS, et al. A population-based comparison of

strategies to prevent early-onset group B streptococcal disease in neonates. N Engl J Med. 2002;

347:233–239. doi: 10.1056/NEJMoa020205 PMID: 12140298

29. Edmond KM, Kortsalioudaki C, Scott S, Schrag SJ, Zaidi AKM, Cousens S, et al. Group B streptococcal

disease in infants aged younger than 3 months: systematic review and meta-analysis. Lancet 2012;

379:547–556. doi: 10.1016/S0140-6736(11)61651-6 PMID: 22226047

30. Edwards RK, Tang Y, Raglan GB, Szychowski JM, Schulkin J, Schrag SJ. Survey of American obstetri-

cians regarding group B streptococcus: opinions and practice patterns. Am J Obstet Gynecol. 2015;

213:229.e1–7. doi: 10.1016/j.ajog.2015.03.047 PMID: 25816787

31. Scasso S, Laufer J, Rodriguez G, Alonso JG, Sosa CG. Vaginal group B streptococcus status during

intrapartum antibiotic prophylaxis. Int J Gynaecol Obstet. 2015; 129:9–12. doi: 10.1016/j.ijgo.2014.10.

018 PMID: 25577036

32. De Cueto M, Sanchez MJ, Sampedro A, Miranda JA, Herruzo AJ, Rosa-Fraile M. Timing of intrapartum

ampicillin and prevention of vertical transmission of group B Streptococcus. Obstet Gynecol. 1998;

91:112–114. PMID: 9464732

33. Lijoi D, Di Capua E, Ferrero S, Mistrangelo E, Giannattasio A, Morano S, et al. The efficacy of 2002

CDC guidelines in preventing perinatal group B Streptococcal vertical transmission: a prospective

study. Arch Gynecol Obstet. 2007; 275:373–379. doi: 10.1007/s00404-006-0263-7 PMID: 17047973

34. Berardi A, Rossi C, Biasini A, Minniti S, Venturelli C, Ferrari F, et al. Efficacy of intrapartum chemopro-

phylaxis less than 4 hours duration. J Matern Fetal Neonatal Med. 2011; 24:619–625. doi: 10.3109/

14767058.2010.511347 PMID: 20828241

35. Verani JR, Spina NL, Lynfield R, Schaffner W, Harrison LH, Holst A, et al. Early-onset group B strepto-

coccal disease in the United States: potential for further reduction. Obstet Gynecol. 2014; 123:828–

837. doi: 10.1097/AOG.0000000000000163 PMID: 24785612

Appropriateness of Intrapartum Antibiotic Prophylaxis and Neonatal Group B Streptococcus Disease

PLOS ONE | DOI:10.1371/journal.pone.0166179 November 18, 2016 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/8242505
http://dx.doi.org/10.1186/1824-7288-40-23
http://www.ncbi.nlm.nih.gov/pubmed/24559197
http://dx.doi.org/10.3109/14767058.2011.552652
http://www.ncbi.nlm.nih.gov/pubmed/21714691
http://dx.doi.org/10.1056/NEJMoa020205
http://www.ncbi.nlm.nih.gov/pubmed/12140298
http://dx.doi.org/10.1016/S0140-6736(11)61651-6
http://www.ncbi.nlm.nih.gov/pubmed/22226047
http://dx.doi.org/10.1016/j.ajog.2015.03.047
http://www.ncbi.nlm.nih.gov/pubmed/25816787
http://dx.doi.org/10.1016/j.ijgo.2014.10.018
http://dx.doi.org/10.1016/j.ijgo.2014.10.018
http://www.ncbi.nlm.nih.gov/pubmed/25577036
http://www.ncbi.nlm.nih.gov/pubmed/9464732
http://dx.doi.org/10.1007/s00404-006-0263-7
http://www.ncbi.nlm.nih.gov/pubmed/17047973
http://dx.doi.org/10.3109/14767058.2010.511347
http://dx.doi.org/10.3109/14767058.2010.511347
http://www.ncbi.nlm.nih.gov/pubmed/20828241
http://dx.doi.org/10.1097/AOG.0000000000000163
http://www.ncbi.nlm.nih.gov/pubmed/24785612

