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Abstract. Group B Streptococcus (GBS) is a leading cause of meningitis and sepsis 
in infancy, but burden of disease data are scarce for Asia. We performed two hos-
pital-based, prospective, descriptive, observational studies using similar protocols 
in the Philippines and Thailand to evaluate neonatal GBS disease epidemiology. 
Infants aged <90 days with a GBS-positive culture from normally sterile sites us-
ing routine microbiological standards were eligible for inclusion. Awareness of 
GBS symptoms was raised by informing all women at delivery and follow-up for 
90 days post-delivery. Infections were classified as early onset disease (EOD) if 
they occurred within 6 days of birth and late onset disease (LOD) if they occurred 
7-89 days after birth. Due to ethical requirements in Thailand, consent for study 
participation, including periodic post-discharge telephone calls, was obtained at 
delivery. Parents in the Philippines gave consent for study participation at case 
identification. The clinical outcomes of GBS infections were recorded. During the 
6-month study period, two cases (one fatal) of EOD were identified among 8,409 
live births at the study hospitals in Thailand and three cases (two fatal) of EOD 
were identified among 11,768 live births reported at the study hospitals in the 
Philippines. Incidence rates per 1,000 live births were 0.2 (95% CI: 0.0-0.8) and 
0.3 (95% CI: 0.1-0.8) in  Thailand and the Philippines, respectively. There were no 
cases of reported LOD. The low number of cases precluded analysis of serotype 
distribution and case fatality rates. Large epidemiological studies are needed to 
better understand the factors influencing GBS infection incidence in Asia.  
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INTRODUCTION

Group B Streptococcus (Streptococcus 
agalactiae) or GBS is a leading cause of 
bacterial infection in neonates and very 
young infants, with one report estimating 
the mean global rate at 0.53 per 1,000 live 
births (Edmond et al, 2012). Infection can 
result in sepsis, pneumonia or meningi-
tis, with serious consequences including 
death. There are nine capsular serotypes, 
with five types (Ia, Ib, II, III and V) respon-
sible for 95% of invasive disease (Edmond 
et al, 2012). Infant GBS disease occurs as a 
continuum over the first 3 months of life, 
but has often been categorized as early-
onset disease (EOD; occurring between 
birth and 6 days of age) and late-onset 
(LOD; occurring between 7 and 89 days 
of age) (Schuchat, 1998; CDC, 2005; Heath 
and Schuchat, 2007, Matsubara et al, 
2013). Substantial variation in disease in-
cidence has been reported by geographic 
region, which may reflect differences in 
surveillance methods, healthcare access, 
antibiotic usage or population differences.  
Further evaluation of factors underlying 
this variation is complicated as limited 
data are available from many regions, 
including Eastern Europe, Latin America 
and Asia, (Dagnew et al, 2012).

The implementation of intrapartum 
antibiotic prophylaxis (IAP), to mothers 
with a positive screening culture for rec-
tovaginal colonization with GBS in late 
pregnancy, has been associated with a 
dramatic decline (~80%) in EOD incidence 
in many developed countries (Schrag et 
al, 2000; Van Dyke et al, 2009).  However, 
this intervention has had no impact on 
LOD incidence and the extensive use of 
intravenous antibiotics at delivery raises 
concerns about increased antibiotic resis-
tance (Stoll et al, 2011; Lamaghi et al, 2013).  
Furthermore, effective implementation 

of culture-based screening and IAP is 
resource intensive and requires sufficient 
healthcare infrastructure to implement 
high rates of screening as well as the 
administration of IAP >4 hours before 
delivery.  Interventions in less developed 
countries have therefore relied on risk-
based screening approaches with IAP 
administered to women presenting in 
labor with clinical factors associated with 
increased GBS disease risk in the infants 
(eg, maternal fever, prolonged rupture of 
membranes, previous infant with GBS 
infection).  However, risk-based screening 
has not been associated with substantial 
declines in disease incidence (Lopez Sastre 
et al, 2005; Schrag et al, 2002; 2013; Lamagni  
et al, 2013). 

Future interventions include vaccina-
tion against GBS with a trivalent candidate 
currently in phase 2 development  (Chen 
et al, 2013). Implementation of current and 
future interventions would benefit from 
availability of local epidemiological data 
regarding disease burden and serotypes. 
In light of the lack of epidemiological data 
for many countries in Southeast Asia, we 
performed two descriptive observational 
studies using similar study protocols in 
the Philippines and Thailand to investi-
gate the incidence, serotype distribution 
and case fatality of GBS among young 
infants. 

MATERIALS AND METHODS

We conducted two hospital-based, 
prospective, descriptive, observational 
studies using similar protocols in govern-
ment funded tertiary referral centers for 
neonatal care in Thailand and the Philip-
pines. The hospitals that participated in 
Thailand were the Queen Sirikit National 
Institute of Child Health and Siriraj Hos-
pital in urban Bangkok, Thailand (com-
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bined 14,000-15,000 births per year). In 
the Philippines, the participating centers 
(10,000-11,000 births per year) were the 
Philippine General Hospital, its satellite 
site at Ospital Ng Maynila both in Manila 
and the Governor Celestino Gallares Me-
morial Hospital, a government funded 
center in rural Bohol, (6,000 births per 
year), which serves as the main neonatal 
referral center for 18 towns on the island of 
Bohol. Nearly all the deliveries in the urban 
settings (Bangkok and Manila) occurred in 
hospitals, while approximately 25% of the 
deliveries in rural Bohol occurred outside 
hospitals. In-patient hospital stays after 
normal vaginal delivery were three days in 
Thailand and one day in the Philippines. 
Complicated pregnancies and cesarean 
sections were followed in the hospital for 
longer periods post-delivery. All study 
hospitals employed risk-based antenatal 
screening for GBS. Case identification for 
both studies occurred over a 6-months 
period at individual sites between Janua- 
ry 2012 and January 2013. The study in 
Thailand included a 3-month follow-up 
of all identified infants of which parents 
consented to follow-up contact.

Inclusion criteria for both studies 
included the infant being born in the 
study hospitals in Manila or Bangkok, or 
within the study area in Bohol, receiving 
parental informed consent and GBS dis-
ease confirmed by a positive GBS culture 
in an infant aged <90.
Case definition and identification of GBS 
infection

All study hospitals followed the 
same routine standard for identification 
of GBS cases: cultures were routinely 
performed, prior to the administration 
of antibiotics, on infants presenting with 
any of the following signs or symptoms: 
not appearing well, irritability, lethargy, 
hypotonia, temperature instability [hyper-

thermia (>38°C) or hypothermia (<36°C)], 
poor feeding or weak suck, respiratory 
distress, apnea, cyanotic spells, glucose 
instability (hypoglycemia or hypergly-
cemia), feeding intolerance (vomiting, 
abdominal distension, diarrhea), poor 
perfusion, hypotension, shock, seizures, 
jaundice, thrombocytopenia, or signs of 
disseminated intravascular coagulation. 
Cultures were obtain from one or more of 
the following normally sterile sites: blood 
cerebrospinal fluid, pleural fluid, perito-
neal fluid, pericardial fluid, surgical aspi-
rate, bone, marrow, joint fluid, suprapubic 
bladder aspiration or internal body site 
(eg, lymph node, brain). The microbiologi-
cal confirmation of GBS adhered to local 
standards. All centers used automated 
(BacT/Alert®; Biomerieux, Marcy, l’Étoile, 
France or BACTEC®, Becton Dickinson, 
Franklin Lakes, NJ) and selective culture 
methods.  Group B Streptococcus was 
confirmed using Gram stain, colony mor-
phology, CAMP and Strepex testing. The 
date of collection of the first GBS-positive 
sample was considered to be the onset of 
disease.

Only infants aged <90 days on ad-
mission to the hospital were considered 
to have met the definition of a confirmed 
GBS case by a positive culture as described 
above.

Additional clinical data on the disease 
episode and outcome were collected after 
GBS case identification, or retrospectively 
if subjects were already admitted to hospi-
tal at study start. All isolates of confirmed 
GBS cases were kept at -70°C until sent to 
a reference laboratory (Respiratory and 
Meningeal Pathogens Research Unit, Bert-
sham, South Africa) for serotyping using 
the Strep-B-Latex® rapid latex agglutina-
tion test (Slotved et al, 2003). 
Case ascertainment in Thailand

Fig 1 shows the case ascertainment 
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process. To increase awareness of GBS 
disease with the intent of increasing case 
ascertainment, all mothers were informed 
about the study at delivery. To further fa-
cilitate case ascertainment post-discharge, 
parents were actively reminded about the 
study and the symptoms of GBS infection 
by periodic telephone calls for 90 days. 
Due to ethical requirements, pregnant 
women in Thailand were asked to consent 
to the period follow-up calls at the time 
of delivery when they were first informed 
about the study. This included consent to 
participate in the study in case of a GBS 
positive culture. Therefore, consent at 
case identification was only necessary, 
if the woman had not been informed or 
consented at delivery (ie, if the woman 
delivered in a non-study hospital).

Case ascertainment in the Philippines
Similar to the awareness activities 

in Thailand, all the mothers at the study 

committees. The studies were performed 
in compliance with good pharmaco-
epidemiological practices and local and 
international regulations. 
Statistics

The number of GBS cases by timing 
of onset of symptoms and serotypes were 
analyzed descriptively by country and 
site. The incidence rate was expressed as 
number per 1,000 live births, and com-
puted overall, by site and country.  

{i= total number of cases admitted 
from study start to 6 months/ total num-
ber of live births from study start to 6 
months x 1,000}.

Different denominators for incidence 
calculation were used for urban and rural 
settings, due to differences in catchment 
area and proportions of deliveries oc-
curring outside the hospital. In Bangkok 
and Manila, the majority of births occur 
in the hospitals and the denominator was 

Fig 1–Recruitment and follow-up of subjects in the Philippines 
and Thailand. Philippines Site1 = Philippine General Hos-
pital and Ospital Ng Maynila; Philippines Site 2 = Governor 
Celestino Gallares Memorial Hospital; Thailand Site 1 = 
Siriraj Hospital; Thailand Site 2 = Queen Sirikit National 
Institute of Child Health.

Philippines Thailand

Mother informed
about GBS at delivery

Mother consented for
90-day follow-up at

delivery

Infant GBS-positive?

Consent

Included

Excluded

Included

Yes YesNo No

Site 1: Reminder of 
symptoms by SMS 
weekly during month 
1 and biweekly during 
months 2 and 3

Site 2: Reminder of 
symptoms included in 
baby book

Site 1: Phone call 
reminder of symptoms 
weekly during month 1 
and beweekly during 
months 2 and 3

Site 2: Phone call 
reminder of  symptoms 
at 7 days, 1,2 and 3 
months

Infant GBS-positive?

hospitals were informed 
about the study at delivery. 
Post-discharge awareness 
was raised by passive re-
minders in baby books in 
rural Bohol, or with active 
reminders via short SMS 
messages in Manila. In 
contrast to Thailand, there 
was no ethical requirement 
to obtain consent prior 
to delivery for these ac-
tivities; therefore, parents 
were only approached for 
consent to participate in 
the study at the time of 
GBS infection case identi-
fication. 

Both study protocols 
were approved by the ap-
propriate local institution-
al review boards or ethics 
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defined as the total number of live births 
at the study hospitals. In rural Bohol, the 
hospital is a neonatal referral center for 18 
towns on the island.  This, together with 
a lower proportion of births occurring in 
hospital in Bohol, meant the denomina-
tor was defined as total number of live 
births in study area, which was extracted 
from local government statistics. The case 
fatality ratio (CFR) was expressed as the 
percentage of confirmed GBS infection 
cases whose outcome was death. A 95% 
confidence interval (95%CI) were calcu-
lated using the Wilson score method. 

RESULTS

Thailand
A total of 8,409 live births occurred at 

the study hospitals in Thailand during the 
study period, and 5,002 mothers gave con-
sent to participate via periodic telephone 
call for 90-days (Table 1). The total number 
of cultures taken for further investiga-
tion was not available. Only two cases of 
confirmed GBS infection were found, one 
from each study hospital in Bangkok. The 
first case occurred in a baby boy, born pre-

term at 33 weeks, who died 14 hours after 
birth (Table 2), due to infection with GBS 
serotype III. The second case was a girl 
born at 35 weeks who had GBS serotype 
VI infection, from which she recovered 
and was released from hospital after 10 
days. Neither mother had received IAP.

Incidence rates were 0.3 (95% CI: 0.0-
1.8) and 0.2 (95% CI: 0.0-1.1) per 1,000 live 
births, at the Siriraj and Queen Sirikit hos-
pitals, respectively. These gave an overall 
incidence rate of 0.2 (95% CI: 0.0-0.8) per 
1,000 live births for the study hospitals in 
Thailand. As there may have been differ-
ential case ascertainment between moth-
ers who consented to active follow-up and 
those who did not; incidence calculations 
were repeated using the denominator of 
mothers who consented at delivery to 
study participation and active telephonic 
follow-up: these incidence rates were 
higher at 0.5 (95% CI: 0.1- 2.8) and 0.3 (95% 
CI: 0.1-1.9), respectively, with an overall 
incidence rate for Thailand of 0.4 (95% CI: 
0.1-1.5) per 1,000 live births.  The overlap-
ping 95% confidence intervals show these 
two estimates were not significantly dif-
ferent from each other. 

Table 1
Numbers of eligible live births, enrollment and positive cultures in the Philippines 

and Thailand.

Site Philippines Thailand 

  Manila Bohol Bangkok 1 Bangkok 2

Live births 5,970 5,798 3,027 5,382
Consented (eligible)a 2 (3) 0 (n/a) 2,022 (3,027) 2,980 (5,382)
Cultures sent 1,283 1,126 n/a n/a
All positive cultures (GBS) 243 (3) 123 (0) n/a (1) n/a (1)

aOnly mothers of GBS-positive infants were eligible for consent in the Philippines. All mothers seen 
at delivery were eligible for consent in Thailand. n/a, not available. Manila, Philippine General 
Hospital and Ospital Ng Maynila; Bohol, Governor Celestino Gallares Memorial Hospital; Bangkok 
1, Siriraj Hospital; Bangkok 2, Queen Sirikit National Institute of Child Health.



GBS IncIdence In ThaIland and PhIlIPPIneS

Vol  46  No. 4  July  2015 733

Table 2
Reported cases of neonatal GBS disease with confirmation from blood cultures in the 

Philippines and Thailand.

Site Philippines* Thailand 

  Manila Manila Bangkok 1 Bangkok 2

Gender Female Female Male Female
Gestational age at birth 36 37 33 35
Age at onset (in days) 0 0 0 0
Intrapartum antibiotic prophylaxis No No No Yes
GBS serotype VI Ia III VI
Outcome Died Recovered Died Recovered
Length of hospitalization 12 hours 17 days 14 hours 10 days

*No cases identified from Bohol.    
Manila, Philippine General Hospital and Ospital Ng Maynila; Bangkok 1, Siriraj Hospital; Bangkok 
2, Queen Sirikit National Institute of Child Health.       
 

The Philippines
The total number of live births at the 

Manila study hospitals and the Bohol 
catchment area in the Philippines during 
the study period was 11,768 (Table 1). 
A total of 2,409 infants aged <3 months 
presented with clinical symptoms indica-
tive of sepsis for which culture specimens 
were taken from a normally sterile site. Of 
these, 366 (15.2%) were culture positive. 
Of these, three cultures were positive for 
GBS. All three cases were of EOD in in-
fants from the satellite hospital in Manila, 
the Ospital ng Maynila Medical Center. 
The parents of one infant who died with 
confirmed GBS infection declined to give 
consent for further data collection and 
serotyping. The other two babies were 
female, born at 36 and 37 weeks gestation, 
and were admitted on the day of birth. 
Neither mother had received IAP at de-
livery. One baby died within 12 hours of 
birth and the other recovered from infec-
tion and was released from hospital after 
17 days (Table 2). Serotyping of isolates 

from both children revealed that the fatal 
infection was due to GBS serotype VI, 
while the infant who survived had a GBS 
Ia infection. 

The overall country incidence based 
on total recorded live births across the 
study sites in the Philippines was 0.3 (95% 
CI: 0.1-0.8) per 1,000 live births (Table 3). 
When calculated with only the 2 enrolled 
cases the incidence rate was 0.2 (95% CI: 
0.1-0.6) per 1,000 live for the Manila sites. 
The overlapping 95% confidence intervals 
show the 2 incidences with or without the 
child rates were not significantly different 
from each other. No cases of LOD of GBS 
were detected in Thailand or the Philip-
pines in our study. 

DISCUSSION

 We performed two observational, 
hospital-based studies to obtain data on 
the incidences, case fatality rates and 
serotype distribution of GBS infec tion in 
infants aged <90 days in Thailand and 
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Table 3
Incidence of neonatal GBS disease per 1,000 live births at the study hospitals or Bohol 

catchment area.

Site Philippines* Thailand 

  Manila Bohol Bangkok 1 Bangkok 2

Eligible live births  5,970 5,798 3,027 5,382
Cases 3a 0 1 1
 Incidence per site 0.5 0 0.3 0.2
 (95% CI) (0.2-1.5) (0.0-0.7) (0.0-1.8) (0.0-1.1)
 Incidence per setting 0.5 0  0.2 
 (95% CI) (0.2-1.5) (0.0-0.7)  (0.0-0.8) 
 Incidence per country 0.3  0.2 
 (95% CI) (0.1-0.8)  (0.0-0.8) 

*Incidence rates based on 3 identified cases of GBS disease.
Manila, Philippine General Hospital and Ospital Ng Maynila; Bohol, Governor Celestino Gallares 
Memorial Hospital; Bangkok 1, Siriraj Hospital; Bangkok 2, Queen Sirikit National Institute of Child 
Health.

the Philippines, where previous data was 
scarce. Five confirmed GBS infection cases 
were detected. The rates of GBS in Thai-
land and the Philippines were similar: 0.2 
(95% CI 0.1-0.8) and 0.3 (95% CI 0.1-0.8) 
cases per 1,000 live births, respectively.  
All cases were EOD; no cases were LOD.  

These data are consistent with previ-
ous data from Thailand and the Philip-
pines, though higher incidence estimates 
have been reported elsewhere in Asia 
(Rivera et al, 2012). Two previous studies 
from the Philippines identified a single 
case of GBS among approximately 1,500 
hospital admissions in infants aged <90 
days with suspected infection (Gatchal-
ian et al, 1999; Quiambao et al, 2007), 
although some high risk groups for GBS 
(preterm infants) were excluded from the 
analyses (Quiambao et al, 2007). A previ-
ous hospital-based study from Bangkok, 
Thailand, reported an EOD incidence  of 
0.27 per 1,000 live births in 1996 that fell to 
0.10 per 1,000 live births in 2001 (Yossuck 
et al, 2002). Unfortunately, interpretation 

of these data are complicated due to lack 
of clear denominators, incomplete infor-
mation about laboratory techniques used, 
IAP implementation as well as potential 
differences in access to healthcare and 
GBS diagnosis. The relatively low report-
ed incidence rates in those and our current 
study may represent a lower population 
risk, differences in serotype distribution 
with less pathogenic strains represented 
or issues with case under ascertainment.  

Several factors may have led to inad-
equate ascertainment of cases in our cur-
rent studies. We attempted to maximize 
case ascertainment by increasing disease 
awareness and the need to return to the 
hospital given clinical symptoms in the in-
fant.  This was facilitated through regular 
SMS message reminders in the Philippines 
or telephone calls or messages in Thai-
land. Successful telephonic follow-up was 
monitored in Thailand, but approximately 
half of the enrolled families were lost to 
follow-up (three consecutive failed phone 
calls).  This may simply represent families 
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changing contact details without inform-
ing the study sites or may mask a trend 
of population movement in the months 
after delivery, such as moving to stay with 
family elsewhere.  Such movement could 
lead to under-estimation of the incidence, 
especially for LOD cases; none of which 
were identified in this study.

Despite awareness activities empha-
sizing the importance of returning to the 
study hospitals with sick infants, it is possi-
ble GBS cases may have presented to other 
health facilities, especially if families lived 
in districts outside the immediate study 
hospital catchment area. In the Manila 
study hospitals, approximately 10%-20% 
of births in the study cohort were mothers 
living in adjacent city districts with alterna-
tive healthcare facilities available.  

Three of the four EOD cases identified 
occurred in preterm deliveries and the 
fourth case was born at 37 weeks gesta-
tion.  Preterm infants are at a higher risk 
of developing GBS infection (CDC, 2010).  
The ascertainment of cases in the preterm 
gestational age group, more than among 
term infants, may be due to stricter care 
and closer observation for preterm infants 
in the study hospitals. 

Approximately 90% of EOD cases of 
GBS infection present within the first 24 
hours of life (CDC, 2010).  The proportion 
of births occurring in the hospital and the 
timing of maternal/child discharge after 
delivery could impact EOD case ascertain-
ment rates. In Bangkok, a high proportion 
(95%) of births occur in hospitals.  Also in 
Bangkok at the study hospitals, normal 
vaginal deliveries stayed 3 days after de-
livery and longer if there is a complicated 
delivery.  Although nearly all deliveries 
in Manila occur in the hospital, the in-
patient post-delivery stays at the studied 
hospitals were shorter (1 day for normal 

vaginal deliveries). The study hospital in 
rural Bohol faced a different challenge: 
25% of deliveries occur outside of hospital 
(UNICEF, 2013), increasing the likelihood 
that GBS cases manifesting immediately 
after delivery might not be captured 
within the hospital based study.

Culture methods used for GBS isola-
tion are reported to influence sensitivity 
of GBS identification (Dagnew et al, 2012).  
The use of local laboratories may have 
introduced some variability in the sensi-
tivity of diagnosis despite the provision 
of a single laboratory manual describing 
best practice. 

Antibiotic prophylaxis is reported to 
be administered almost universally dur-
ing cesarean sections in some Southeast 
Asian hospitals (Festin et al, 2009). Higher 
cesarean section rates are associated with 
higher risk pregnancies.  Three study sites 
(Philippines General Hospital in Manila, 
Queen Sirikit Hospital and Siriraj Hospital 
in Bangkok) were tertiary referral centers 
with a higher proportion of high risk 
pregnancies.  This was in contrast to the 
Ospital ng Maynila Hospital in Manila, 
Philippines with a lower proportion of 
high risk pregnancies, where all the EOD 
cases in our study were identified. A better 
understanding of the use of antibiotics at 
the time of delivery in Asia, and its effect 
on neonatal GBS incidence, is needed to 
evaluate whether antibiotic use could play 
an important role in the epidemiology of 
GBS disease.

Some uncertainty about the GBS inci-
dence estimates generated in our current 
studies remains, reflected by the relatively 
wide confidence intervals reported. This 
emphasizes a challenge regarding the as-
sessment of GBS incidence and the need 
for active surveillance across large birth 
cohorts. The 6-month study period was 
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short, and continuing surveillance in 
these populations would help clarify our 
findings.

The number of GBS cases identified in 
our study was too small to draw conclu-
sions concerning case fatality rates and 
serotype distribution.  It is concerning that 
2 of the 4 enrolled GBS cases died, high-
lighting the clear severity of invasive GBS 
disease in infants. Although too few cases 
were observed to assess serotype distribu-
tion, 2 of the 4 isolates were serotype VI, 
which comprises only 1% of the global 
serotype distribution (Edmond et al, 2012) 
but has previously been reported to rep-
resent 24.7% of GBS isolates colonizing 
pregnant Japanese women (Lachenauer  
et al, 1999). Further investigation is needed 
to assess whether this serotype is more 
common in Southeast Asia than the rest 
of the world.

In conclusion, these studies highlight 
the challenges involved in the surveillance 
of GBS infection and the need for clearly 
defined birth cohorts at risk for infection, 
good healthcare access, robust diagnostics 
and a good understanding of antibiotic 
practices.  This study confirms GBS infec-
tion does occur in diverse gobal regions 
and can be a very serious infection in the 
newborn infant. Limitations in the ability 
to identify and diagnose sick newborns, 
continue to challenge robust determina-
tion of incidence in such setting.

ACKNOWLEDGEMENTS

The authors wish to thank Dr F de Oc-
ampo and Dr C Nunez (sub-investigators 
at Philippine General Hospital), Dr W 
Kanjanapattanakul, Dr P Supradish, Mrs 
J Kamjohnjiraphun, Miss P Puangpatra 
(sub-investigators at the Queen Sirikit 
National Institute of Child Health), Dr 
S Ngerncham, Dr R Kitsommart, Miss 

W Chuagchai, Miss A Jaroonsri, Miss K 
Phetphan, Miss N Sritangwong, Miss K 
Suttanaco (sub-investigators at the Siri-
raj Hospital, Mahidol University), Dr M 
Jimenez (Governor Celestino Gallares 
Memorial Hospital, Bohol) for contribut-
ing to the acquisition of data. Assistance 
in manuscript preparation was provided 
by Keith Veitch (keithveitch communi-
cations, Amsterdam, Netherlands) and 
Shivani Vadapalli  (Novartis Vaccines and 
Diagnostics). 
Conflicts of interest

The two studies were funded by No-
vartis Vaccines and Diagnostics. NN-B, 
HB, MC and IB are employees of Novartis 
Vaccines and Diagnostics, CN received 
consultancy fees from Novartis Vaccines 
and Diagnostics. The other authors did 
not receive any stipend, allowance, sal-
ary or monetary incentives from Novar-
tis. On 2 March 2015 the GSK Group of 
Companies acquired Novartis Vaccines 
non-influenza vaccines business including 
a  candidate vaccine for GBS under devel-
opment, which has not yet completed the 
necessary trials for licensure.

REFERENCES

Chen VL, Avci FY, Kasper DL. A maternal vac-
cine against group B Streptococcus: past, 
present, and future. Vaccine 2013; 31 (suppl 
4): D13-19.

Centers for Disease Control and Prevention 
(CDC). Early-onset and late-onset neona-
tal group B Streptococcal disease - United 
States, 1996-2004. Atlanta: CDC, 2005.

Centers for Disease Control and Prevention 
(CDC). Prevention of perinatal group B 
streptococcal disease: revised guidelines 
from CDC, 2010. MMWR 2010; 59: 1-32.

Dagnew AF, Cunnington MC, Dube Q, et al. 
Variation in reported neonatal group B 
streptococcal disease incidence in devel-



GBS IncIdence In ThaIland and PhIlIPPIneS

Vol  46  No. 4  July  2015 737

oping countries. Clin Infect Dis 2012; 55: 
91-102.

Edmond KM, Kortsalioudaki C, Scott S, et al. 
Group B streptococcal disease in infants 
aged younger than 3 months: systematic 
review and meta-analysis. Lancet 2012; 
379: 547-56.

Festin MR, Laopaiboon M, Pattanittum P, et al. 
Caesarean section in four South East Asian 
countries: reasons for, rates, associated 
care practices and health outcomes. BMC 
Preg Childbirth 2009; 9: 17.

Gatchalian SR, Quiambao BP, Morelos AM, et 
al. Bacterial and viral etiology of serious 
infections in very young Filipino infants. 
Pediatr Infect Dis J 1999; 18 (suppl 10): 
S50-55.

Heath PT, Schuchat A. Perinatal group B strep-
tococcal disease. Best Pract Res Clin Obstet 
Gynaecol 2007; 21: 411-24.

Lachenauer CS, Kasper DL, Shimada J, et al. 
Serotypes VI and VIII predominate among 
group B streptococci isolated from preg-
nant Japanese women. J Infect Dis 1999; 
179: 1030-3.

Lamagni TL, Keshishian C, Efstratiou A, et al. 
Emerging trends in the epidemiology of 
invasive group B streptococcal disease in 
England and Wales, 1991-2010. Clin Infect 
Dis 2013; 57: 682-8.

Lopez Sastre JB, Fernandez Colomer B, Coto 
Cotallo GD, Ramos Aparicio A. Trends 
in the epidemiology of neonatal sepsis of 
vertical transmission in the era of group 
B streptococcal prevention. Acta Paediatr 
2005; 94: 451-7. 

Matsubara K, Hoshina K, Suzuki Y. Early-onset 
and late-onset group B streptococcal dis-
ease in Japan: a nationwide surveillance 
study, 2004-2010. Int J Infect Dis 2013; 17: 
e379-84.

Quiambao BP, Simoes EA, Ladesma EA, et al. 
Serious community-acquired neonatal 
infections in rural Southeast Asia (Bohol 
Island, Philippines). J Perinatol 2007; 27: 
112-9.

Rivera L, Saez X, Feris J, et al. Multicenter 
study of the burden of invasive Neonatal 
Group B Streptococcal Disease. San Fran-
sisco: 52nd International Conference on 
Antimicorbioal Agent and Chemotherapy, 
2012. 

Schrag SJ, Zywicki S, Farley MM, et al. Group 
B streptococcal disease in the era of intra-
partum antibiotic prophylaxis.  N Engl J 
Med 2000; 342: 15-20.

Schrag SJ, Verani JR. Intrapartum antibiotic 
prophylaxis for the prevention of perinatal 
group B streptococcal disease: experience 
in the United States and implications for 
a potential group B streptococcal vaccine. 
Vaccine 2013; 31 (suppl 4): D20-26.

Schrag SJ, Zell ER, Lynfield R, et al. A popu-
lation-based comparison of strategies to 
prevent early-onset group B streptococcal 
disease in neonates. N Engl J Med 2002; 
347: 233-9.

Schuchat A. Epidemiology of group B strepto-
coccal disease in the United States: shifting 
paradigms. Clin Microbiol Rev 1998; 11: 
497-513.

Slotved HC, Elliott J, Thompson T, Konradsen 
HB. Latex assay for serotyping of group 
B Streptococcus isolates. J Clin Microbiol 
2003; 41: 4445-7.

Stoll BJ, Hansen NI, Sanchez PJ,  et al. Early on-
set neonatal sepsis: the burden of group B 
Streptococcal and E. coli disease continues. 
Pediatrics 2011; 127: 817-26.

Van Dyke MK, Phares CR, Lynfield R et al. 
Evaluation of universal antenatal screen-
ing for group B streptococcus. N Engl J Med 
2009; 360: 2626-36.

Yossuck P, Preedisripipat K. Neonatal group 
B streptococcal infection: incidence and 
clinical manifestation in Siriraj Hospital. J 
Med Assoc Thai 2002; 85 (suppl 2): S479-87.

UNICEF. At a glance: Philippines (Statistics) 
[updated 21-11-2013]. Paris: UNICEF, 2013. 
[Cited 2015 Mar 3] Available from: http://
www.unicef.org/infobycountry/philip-
pines_statistics.html#106


