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ABSTRACT. With the advent of antibiotic resistance, pathogenic
bacteria have become a major threat in cases of neonatal sepsis;
however, guidelines for treatment have not yet been standardized. In
this study, 15 cases of neonatal Streptococcus agalactiae sepsis from
our hospital were retrospectively analyzed. Of these, nine cases showed
early-onset and six cases showed late-onset sepsis. Pathogens were
characterized by genotyping and antibiotic sensitivity tests on blood
cultures. Results demonstrated that in cases with early-onset sepsis,
clinical manifestations affected mainly the respiratory tract, while late-
onset sepsis was accompanied by intracranial infection. Therefore, we
suggest including a cerebrospinal fluid examination when diagnosing
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neonatal sepsis. Bacterial genotyping indicated the bacteria were
mainly type Ib, la, and 11 S. agalactiae. We recommend treatment with
penicillin or ampicillin, since bacteria were resistant to clindamycin and
tetracycline. In conclusion, our results provide valuable information for
the clinical treatment of S. agalactiae sepsis in neonatal infants.
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Drug resistance

INTRODUCTION

The composition of pathogenic bacteria causing neonatal sepsis varies with age
and geography. During the 1930s and 1940s, group A B-hemolytic Streptococcus was the
main pathogenic bacterium, while from the 1950s to the 1960s Escherichia coli became the
dominant species. Since the 1970s, group B Streptococcus (GBS) has become the most common
pathogenic bacterium in the United States. In China, Staphylococcus was the most common
pathogenic bacterium for many years, followed by Escherichia coli, while Streptococcus
remains rare. Data on Streptococcus agalactiae infection in newborns are currently very
limited. In this study, we characterized the clinical features, genotype, and drug resistance
of neonatal S. agalactiae sepsis in our hospital in recent years. This may provide valuable
guidance for clinical diagnosis and treatment.

MATERIAL AND METHODS
Ethics statement

Institutional Ethics Board approval was obtained from the Medical Ethics Committee
of Shenzhen Longgang Central Hospital. All legal guardians of participating subjects were
formally informed of the purpose of this study, and their written informed consent was obtained.

Data sources

A total of 15 patients confirmed with neonatal S. agalactiae sepsis admitted to
Shenzhen Longgang Central Hospital between January 2012 and December 2014 were
enrolled in this study.

Methods
Retrospective analysis

A retrospective analysis was conducted for all clinical data obtained, such as:
hospitalization age, onset age, gender, gestational age, delivery, neonatal condition, birth weight,
clinical manifestations, human C-reactive protein (hCRP) test, biochemical tests, imaging,
cerebrospinal fluid tests, blood culture, antibiotic sensitivity tests, and auxiliary examination
results. Application of antibiotics, clinical outcome, and prognosis were also recorded.
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Bacterial genotyping method

The isolated bacterial strains were cultured and identified using a VITEK-AMS auto-
matic microbial analyzer (BioMérieux, Chicago, IL, USA). DNA was extracted using a bacterial
DNA extraction kit (Foregene, Chengdu, China), and a DNA fragment was amplified by PCR
using a primer set synthesized by Shanghai Sangong (Shanghai, China). Primer design, gene
sequencing, and genotyping were conducted as previously described (Kong et al., 2002, 2005).

Diagnostic criteria

The diagnostic criteria followed the Diagnosis and Treatment Program of Neonatal
Sepsis issued by the National Neonatal Conference in 2003. Briefly, diagnostic criteria
included: 1) presence of pathogenic bacteria in the blood or sterile body cavity; 2) presence
of a conditional pathogen in blood specimens, suggesting the same pathogen may reside in
blood, sterile body cavity, or ducts.

Statistical methods

Statistical analysis was conducted using SPSS 19.0 software. Data are reported as
means * standard deviation. Univariate comparison of means was evaluated using the Student
t-test; P < 0.05 was considered as statistically significant.

RESULTS
General overview

Of all 53 cases of sepsis, the proportion of S. agalactiae sepsis was 15/53 (28.3%),
down from 11/25 (44%) in 2012. Between 2012 and 2014, 17,905 neonates were admitted to
our hospital and the infection rate was estimated to be 0.8/1000 (95%CI 0.5-1.3). Of the 15
patients with neonatal S. agalactiae sepsis, seven (46.7%) were male and eight (53.3%) were
female patients, whereas two (13.3%) cases were premature and 13 (86.7%) were full term
infants. Three (20%) neonates weighed between 1500 and 2499 g, and 12 (80%) weighed
between 2500 and 4000 g. Nine (60%) neonates were aged less than 7 days, and six (40%) were
older than 7 days. Eleven (73.3%) births were vaginal, and four (26.7%) involved caesarean
section. All neonates were hospitalized within 2 days of becoming sick.

Clinical manifestation

Six cases presented with fever, eight showed dyspnea, and four displayed a poor
response. In addition, there were five cases of hyperbilirubinemia; four of pneumonia,
including three (75%) with early infection; and five of purulent meningitis, of which four
(80%) were late infections.

Laboratory examination

White blood cell (WBC) counts revealed three cases with WBC <4 x 10%/L, eight with
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WBC >4 x 10°/L and <20 x 10°/L, and four with WBC >20 x 10°/L. There was one case with
hCRP <15 mg/L, three with hCRP >15 mg/L and <50 mg/L, seven cases with hCRP >50 mg/L
and <100 mg/L, and four with hCRP >100 mg/L.

Antibiotic sensitivity tests

Actotal of 30 strains of S. agalactiae were identified. Antibiotic sensitivity tests showed
that all strains were sensitive to penicillin, ampicillin, tigecycline, erythromycin, vancomycin,
and linezolid (100% rate). However, sensitivity rates to ciprofloxacin, moxifloxacin and
levofloxacin, clindamycin, and tetracycline were 88.9, 86.7, 13.3, and 6.7%, respectively
(Table 1).

Table 1. Drug sensitivity of 30 strains of Streptococcus agalactiae.

Drugs Drug sensitivity Drug resistance
Penicillin 30/30 (100) 0/30 (0)
Ampicillin 30/30 (100) 0/30 (0)
Clindamycin 4/30 (13.3) 26/30 (86.7)
Tetracycline 2/30 (6.7) 28/30 (93.3)
Tigecycline 30/30 (100) 0/30 (0)
Ciprofloxacin 26/30 (86.7) 4/30 (13.3)
Levofloxacin 26/30 (86.7) 4/30 (13.3)
Moxifloxacin 16/18 (88.9) 2/18 (11.1)
Furantoin 30/30 (100) 0/30 (0)
Vancomycin 30/30 (100) 0/30 (0)
Linezolid 30/30 (100) 0/30 (0)

Values are reported as cases/total (%).

Pathogen genotyping

Genotyping results showed that three cases (20%) were S. agalactiae type la, four
(26.7%) were type Ib, and eight (53.3%) were type II1.

Treatment and prognosis

Before the identity of the pathogen was confirmed, all 15 cases were treated with
broad-spectrum antibiotics such as penicillin. Application of penicillin was continued
after antibiotic sensitivity tests since all strains were sensitive to penicillin and ampicillin.
However, three cases were treated with vancomycin due to a poor response with penicillin.
The course of treatment was three or two weeks for patients with or without intracranial
infection, respectively. Finally, 12 cases were cured and three showed improvement and were
discharged with insufficient course of treatment due to their personal reasons. No case of death
was reported.

DISCUSSION

The high prevalence of bacterial infection in neonates is a major cause of neonatal
death. In recent decades, considerable attention has been paid to neonatal bacterial infections
caused by group B Streptococcus (GBS) in Western countries, and anti-microbial strategies
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have changed over time (Verani et al., 2010; Baker et al., 2011; Alés Cortés et al., 2012).
Maternal GBS screening, common in Western countries, is not applied in China, resulting
in a higher incidence of S. agalactiae infections, particularly among newborns (Xiaoyi and
Zhiwei, 2012), and serious cases were occasionally reported.

In this study, 15/53 (28.3%) cases diagnosed with neonatal septicemia showed S.
agalactiae sepsis.

GBS, also known as S. agalactiae, is a gram-positive bacterium, generally located
in the stomach and urinary tract of healthy individuals. However, in infants younger than 3
months, GBS can cause pneumonia, sepsis, and meningitis. GBS infection is defined as early-
onset disease if it occurs at age 0-6 days, or late-onset if it occurs at age 7-89 days. In this study,
nine cases were early-onset sepsis and six were late-onset sepsis, consistent with a previous
report (Weihong et al., 2014). Early-onset is caused by maternal-neonatal transmission at
the time of delivery and presents as septicemia, pneumonia, and meningitis. Late-onset GBS
sepsis is not associated with delivery, and presents mainly as fever or combined meningitis
(Sparks et al., 2007). Late-onset GBS sepsis is observed mainly in premature infants (Berardi
et al., 2013), and is associated with fewer anti-GBS antibodies in the neonatal body. Active
transport of GBS antibodies occurs for 34 weeks during pregnancy, but decreases steadily
after delivery. The pathogenesis of GBS-derived meningitis is not fully understood, but it is
characterized by acute onset and rapid progression with complications observed in 62% of
patients after hospitalization. Convulsion, drowsiness, coma, and respiratory distress have
been observed, with mechanical ventilation support required in some cases. The prognosis is
always poor if WBC count is <5 x 10?/L, initial cerebrospinal fluid protein is >300 mg/dL, or
blood sugar is <1.1 mM. If the hearing ability test is not cleared, abnormal signs of the nervous
system, such as twitching, may indicate a substantial risk of death or disability at a later stage
(Libster et al., 2012).

Previous studies suggested that the isolated bacterial strains were highly sensitive to
penicillin and vancomycin, but resistance to erythromycin and clindamycin was on the rise,
which was consistent with our observation (Shore and Yudin, 2012; Weihong et al., 2014).
According to the United States Center for Disease Control (CDC), penicillin and ampicillin
should be used as the first line of treatment for GBS infection and prevention (Verani et al.,
2010). In this study, penicillin and ampicillin were prescribed to all patients, except three who
were treated with vancomycin, in line with the CDC’s proposal.

Bacterial genotyping identified three cases of S. agalactiae type la (20%), four of type
Ib (26.7%), and eight of type III (53.3%). In accordance with a previous study (Matsubara
et al., 2013), our results show that genotype distribution differs by country and region. For
example, Ia, I, 111, and V are the main serotypes in Europe and the United States (Skoff et al.,
2009; Tazi et al., 2011), while Ta and IV are dominant in Malaysia (Karunakaran et al., 2009).

Finally, according to our results, the incidence of GBS among patients admitted to our
hospital is 0.8/1000 (95%CI 0.5-1.3). Patients with GBS-derived pneumonia were included,
since GBS pneumonia was previously reported to be higher in developing countries (Matsubara
et al., 2013). Considering the small sample size, further investigation is required to confirm
our results. Moreover, our data support the benefits of GBS screening during pregnancy for
neonatal GBS prevention in China. Currently, pregnancy GBS screening includes bacterial
culture of a rectal or vaginal swab, PCR, Xpert GBS PCR, ChromID Strepto B, SStrep B
OIA rapid detection, and other methods. Intrapartum antibiotic prophylaxis would reduce the
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incidence of early-onset GBS infection by 65%, while also reducing the severity of late-onset
disease (Ko et al., 2010). A GBS vaccine is likely to be the most effective preventive strategy,
both in pregnant women and newborns (Kim et al., 2014). A GBS polysaccharide-protein
conjugate vaccine has completed phase two of a trial in South Africa, and has been shown to
prevent both early- and late-onset infection.
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