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Abstract
Background: Streptococcus pneumoniae is a common cause of bacterial infections in children. Infants younger than 2 years of age and individuals with immune abnormalities are most susceptible to pneumococcal infections. This study aimed to analyze the epidemiology of pneumococcal bacteremia in one regional teaching hospital in central Taiwan.

Materials and Methods: The medical records of patients diagnosed with pneumococcal bacteremia between May 2007 and April 2012 were retrieved. All identified strains were of serogroups 6A, 14, 19A, 19F, and 23F. The results of antibiotic-sensitivity tests were evaluated. The cutoff for penicillin resistance was a minimum inhibitory concentration (MIC) of penicillin of >2 µg/mL. Data on age distribution, seasonal distribution, and antibiotic resistance of the bacteria were obtained by a retrospective chart review.
Results: Fifteen patients (seven boys and eight girls; median age, 3.1 years; range, 1.4–9.3 years) had blood culture-confirmed Streptococcus pneumoniae infections. The major serotype was 19F, accounting for 6 cases (40.0%), followed by 23F, 3 cases (20.0%); 19A, 2 cases (13.3%); 6A, 2 cases (13.3%); and 14, 2 cases (13.3%). Ten patients were aged 2–5 years; five were aged >5 years, and only one was aged <2 years. All strains, except one, were resistant to penicillin. Two were susceptible to sulfamethoxazole/trimethoprim, and all were susceptible to third-generation cephalosporins and vancomycin. Leukocytosis was present in 53.3% of the children, and the C-reactive protein level was >5 mg/dL in 40%. Two children developed pleural effusion requiring drainage, and one of them had empyema. Two children died of meningitis or acute respiratory distress syndrome. The mortality rate in our study was 13.3%.
Conclusion: Most children with pneumococcal bacteremia in our study were aged 2–5 years. The prevalence of antibiotic resistance was very high, with approximately 86% resistance to sulfamethoxazole/trimethoprim and 93% resistance to penicillin. None of our patients had received polyvalent pneumococcal vaccines. Prompt polyvalent pneumococcal vaccinations to reduce the incidence of serious pneumococcal disease are important.
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INTRODUCTION
 
Streptococcus pneumoniae is a common cause of infections such as otitis media, sinusitis and pneumonia; this bacterium can invade the mucosa to reach the bloodstream and cause invasive infections such as bacteremia, meningitis, septic arthritis and osteomyelitis in children.1,2 S. pneumoniae infections are a leading cause  of mortality in children younger than 2 years of age, with an estimated 1 million deaths per year, which account for 9% of all deaths in the developing world.3,4 Moreover, the increase in antibiotic resistance has made invasive pneumococcal disease a major public health concern worldwide, because the treatment of this condition has been rendered complicated, especially in the case of meningitis.1
We conducted a retrospective study of pneumococcal bacteremia occurring in children over a 6-year period in one regional teaching hospital in central Taiwan, to investigate the relationship between bacteremia and patient age, antibiotic susceptibility of the causative isolate, risk factors for antibiotic resistance, patient outcomes, serotype, and likelihood of vaccine coverage. 
METHODS
Children aged <18 years whose blood cultures grew S. pneumoniae between May 2007 and April 2012 were identified from the computerized records of the Department of Laboratory Medicine. Data such as age distribution, gender, seasonal distribution, clinical manifestations, laboratory tests, chest radiographs, antibiotic susceptibility, duration of hospital stay, complications, and outcomes of these patients were reviewed retrospectively. Data collected from the initial laboratory records included total white blood cell (WBC) count and C-reactive protein (CRP) level. Leukopenia was defined as a WBC count of <3500/mm3, and leukocytosis, as a WBC count of >12000/mm3. Pleural effusion was identified by chest radiography and/or chest ultrasonography. All strains of S. pneumoniae were sent to the National Microbiology Center of the Centers of Disease Control in Taiwan for serotyping using the quellung reaction. 
Acute respiratory distress syndrome (ARDS) was defined as diffuse pulmonary infiltrates along with a ratio of arterial oxygen tension to inspired oxygen fraction (PaO2/FIO2) of <225 mm Hg, with no evidence of left ventricular dysfunction or fluid overload. If the cerebrospinal fluid (CSF) was the only focus of infection, the meninges were considered the source of bacteremia. Antimicrobial-susceptibility testing of isolates was performed using agar-dilution methods as described by the National Committee for Clinical Laboratory Standards (NCCLS), and resistance to penicillin was defined as a minimum inhibitory concentration (MIC) of ≥0.2 µg/mL. All identified strains were divided into serogroups 6A, 14, 19A, 19F, and 23F.
This study was approved by the ethics committee of Jen-Ai Hospital.
Statistical analysis
Continuous variables are reported as mean and standard deviation (SD); categorical data are presented as number (n) and percentage. Data that were not normally distributed, such as duration of hospital stay, are presented as median and range. Statistical analyses were performed using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA). 
RESULTS

During the 5-year study period (May 2007 to April 2012), 15 children (seven boys and eight girls) with a median age of 3.1 years (SD, 1.5 years; range, 1.4–9.3 years) were diagnosed with pneumococcal bacteremia. The serotypes and demographic characteristics of the patients are shown in Table 1. The median duration of hospital stay was 8 days (range, 1–20 days). Admission to the intensive care unit (ICU) was required for two children with pleural effusion; the duration of hospital stay in these children was 7 and 12 days. Ten patients (67.7%) with pneumococcal bacteremia were aged 2–5 years; the remaining four were aged >5 years. Only one patient was younger than 2 years of age. 
None of our patients had underlying diseases, and none had received polyvalent pneumococcal vaccines. The major serotype was 19F, accounting for 6 cases (40.0%), followed by 23F, 3 cases (20.0%); 19A, 2 cases (13.3%); 6A, 2 cases (13.3%); and 14, 2 cases (13.3%).
Seasonal distribution 
The highest incidence of pneumococcal bacteremia was seen in the winter months, with 3 patients in November, 4 patients in December, and 1 in January, while no cases occurred in April, June, July, September, or October. The monthly incidence of pneumococcal bacteremia is shown in Figure 1. 
Clinical manifestations

All 15 patients had fever initially; nine of them presented with cough, and six with other symptoms, including headache (two patients), vomiting (two patients), seizure (one patient) and poor appetite (one patient). The body temperature at the time of presentation was >40°C in 4 patients and <38.5°C in 3 patients. One patient had acute otitis media; one had meningitis, and another had ARDS.
Antibiotic treatment and susceptibility

All patients received antibiotic treatment. Nine patients received initial treatment with penicillin, ampicillin, amoxicillin-clavulanate, or ampicillin-sulbactam, but this was changed to third-generation cephalosporins (i.e., ceftriaxone or cefotaxime) in six of them. One patient received cefuroxime and later ceftriaxone; another four patients received third-generation cephalosporins at admission. Six patients received one type of antibiotic for 1–9 days during admission, while nine patients received more than one antibiotic. Only one patient received an initial regimen consisting of multiple antibiotics (meropenem plus vancomycin), and another received amoxicillin-clavulanate, which was subsequently changed to ceftriaxone and then to vancomycin (Table 1). According to the MIC data, all strains, except one, were resistant to penicillin. Two strains were susceptible to sulfamethoxazole/trimethoprim, and all were susceptible to third-generation cephalosporins and vancomycin. The rate of resistance to sulfamethoxazole/trimethoprim was 86%, and the penicillin-resistance rate was as high as 93%. However, the antibiotic regimen (amoxicillin-clavulanate) was not changed in two patients according to the MIC data because their clinical course improved.
Laboratory data and imaging findings
Leukocytosis was present in 53.3% of the patients, and the CRP level was >5 mg/dL in 40%. The hemoglobin level of 2 patients was <10 mg/dL. The platelet count was >350,000/µL in 3 patients, and only 1 child had a platelet count of <150,000/µL. Eight patients had patches of pneumonia on chest radiographs, two of whom had pleural effusion. The patients with pleural effusion underwent chest ultrasonography, and the effusion was drained using a chest tube or a pigtail catheter. These patients subsequently underwent chest computed tomography (CT), and one of them was found to have empyema. Urine pneumococcal antigen tests were performed for all patients, and yielded positive findings in eight patients. 
Complications and outcomes 
The two children with pleural effusion required chest tube or pigtail drainage. One of these patients was transferred to the medical center, and chest tube drainage was performed for 8 days after empyema had been detected on CT. The other patient underwent chest tube insertion three times (twice on the right side and once on the left side), developed the complication of pneumothorax, and subsequently died of ARDS. One patient with meningitis initially presented with a headache and had a fulminant course that culminated in death less than 24 hours after admission. The condition of this patient worsened dramatically, without allowing sufficient time to change the antibiotic regimen to a combination of ceftriaxone plus vancomycin. Thirteen patients were discharged without sequelae. Two patients expired and the mortality rate in our study was 13.3%.
DISCUSSION
S. pneumoniae is the most common bacterial cause of otitis media, sinusitis, and bacteremia in children, and also the most frequent cause of pneumonia and bacterial meningitis, with the highest number of cases occurring during the first 2 years of life.5 In our study, 67% of the children with pneumococcal bacteremia were aged 2–5 years, which is similar to the findings of Chen et al,6 but is higher than the findings reported in foreign studies.5,7,8 This may be because children who were aged <2 years and presented with fever were managed without blood cultures in our hospital, or they may have been treated with antibiotics in private, local clinics before undergoing a blood culture in our hospital. 
The two most common serotypes in our study, 19 F and 23, represented 60% of our typed isolates. In the study by Pérez et al.,9 the most prevalent serotypes identified were 1, 14, 6B, 18C, 5, and 19A. Serotypes 6A/B, 14, and 19A/F were isolated primarily from children under 2 years of age, whereas serotypes 1 and 5 were recovered more frequently from older children. In addition, there seems to be an apparent relationship between serotypes 6A/B, 14, and 19A/F and occult bacteremia, and between serotypes 1 and 5 and bacteremic pneumonia, albeit without statistical significance.9 In Taiwan, although there is no definite serotype data for pneumococcal bacteremia, the most common serotypes causing pneumococcal infection are 23F, 19F, 14, 6B and 6A.10 However, the rate of serotype 19A has increased in recent years, and 19A and 14 are now the most commonly found serotypes in Taiwan; this change may be attributable to serotype replacement after pneumococcal vaccinations.11 To increase the efficiency of pneumococcal vaccines, the serotype distribution/replacement of S. pneumoniae should be investigated and monitored. 

In our study, fewer children had pneumococcal bacteremia during April and August, which is consistent with the findings of other studies.6–10 Totapally et al. noted bimodal peaks in the incidence of pneumococcal bacteremia, with one peak in early winter and the second in spring.8 However, few cases occurred in the spring in our study. This variance may be due to the geographical location of Taiwan in a subtropical area. In addition, ambient temperature, seasonal variation and air pollution are associated with the presence of viral illnesses in a community.12 
The risk factors for children developing an invasive pneumococcal infection include sickle cell disease, asplenia, and immune deficiency or immunosuppression.13,14 In a study from Cook County Hospital, 10% of cases of pneumococcal bacteremia in children were of nosocomial origin.15 In our study, none of the children had an underlying disease or nosocomial pneumococcal bacteremia. This may be because our hospital is a community hospital where fewer children receive intensive care, and the number of patients is small.
According to NCCLS criteria, the MICs of penicillin for penicillin-sensitive, penicillin-intermediate-resistant, and penicillin-resistant S. Pneumoniae are <0.06, 0.1–1.0, and >0.2 µg/mL, respectively. The MICs of cephalosporin are <0.25, 0.5–1.0, and >0.2 µg/mL, respectively. In general, the MICs of β-lactam antibiotics increase in parallel with those of penicillin. However, isolates for patients with meningitis are categorized as either susceptible or resistant, with cutoffs of <0.06 or >0.12 μg/mL, respectively, for the MIC of penicillin. Because the blood-brain barrier limits penetration of penicillin into the CSF, no intermediate category of MIC exists for meningitis. Penicillin-resistant S. pneumoniae infections can be treated with antibiotics such as ceftriaxone, cefotaxime, or vancomycin depending on the MIC data.10 The incidence of clinical isolates of S. pneumoniae that are not susceptible to penicillin has been increasing worldwide.16–18 Chiou et al. reported an extremely high prevalence of nasopharyngeal carriage of penicillin-resistant S. pneumoniae among children in Kaohsiung, with rates as high as 71% from 1995 through 1997.18 In our study, the rate of resistance to sulfamethoxazole/trimethoprim was 86%, and the penicillin-resistance rate was as high as 93%, both of which are higher than previous reports from Taiwan.16, 18, 19 This may be due to exposure to antibiotics, young age of the patients, and day care attendance, which are associated with a greater likelihood of being colonized or infected with a penicillin-resistant S. pneumoniae strain.20 
In most children, occult pneumococcal bacteremia resolves spontaneously, without apparent sequelae; however, pneumococcal bacteremia may occur in association with meningitis, pneumonia, or septic arthritis, or without any apparent focus. In our study, two patients had persistent bacteremia that spread to the meninges or pleura, leading to meningitis or ARDS, respectively; both patients eventually died. Patients with pneumococcal meningitis may have a fulminant course that can result in death in less than 24 hours, as in the case of our patient. In addition, 25%–32% of survivors of pneumococcal meningitis have neurologic sequelae such as motor deficits and neurosensory hearing loss.21 
The mortality rate in our study was 13.3%, which is similar to the rates of 13%–36% reported in other studies,22,23 but lower than the 42.4% reported in southern Taiwan by Lee et al.16 Geriatric and pediatric patients, severe illness, and underlying disease or risk factors involving immunosuppression are significantly associated with high mortality.8, 22 Administration of a polyvalent pneumococcal vaccine can reduce the burden and mortality of pneumococcal diseases. According to current studies, the serotype coverage rate of 7-valent and 10-valent pneumococcal conjugate vaccines (PCVs) is approximately 74% and 80%, respectively, increasing to 89% for the 13-valent PCV. 6,24,25 In our study, the 7-valent PCV covered 73.3% of cases, while the 13-valent PCV covered 100% of cases. The two cases of mortality in our study were associated with serotypes 6A and 19A, which are covered by the 13-valent PCV, but not the 7-valent PCV.
There are some limitations to our study. This is a retrospective, single-hospital study, and the sample size is small. In addition, it was not possible to obtain details of the patients’ medical history, family history and results of multidisciplinary evaluations. Prospective, multi-center studies on children with pneumococcal bacteremia in Taiwan are required.
In conclusion, most children with pneumococcal bacteremia in our study were aged 2–5 years. The prevalence of antibiotic resistance was very high in our study, with resistance rates of approximately 86% to sulfamethoxazole/trimethoprim and 93% to penicillin. Polyvalent pneumococcal vaccination, especially with 13-valent PCV, is a good method to reduce the incidence of serious pneumococcal disease.
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Tables

Table 1. Patient characteristics, serotype, antibiotic therapy, duration of hospital stay
	
	Age (yr)/Sex
	Serotype


	Antibiotics
	Effusion 


	Hospital stay (d)
	Complication/Outcome



	1


	3.4/F
	23F
	Cefotaxime
	
	9
	

	2


	6.2/M
	19F
	Penicillin
	
	3
	

	3


	4.6/M
	19F
	Ampicillin( ceftriaxone
	
	8
	

	4


	2.3/F
	19A
	Cefotaxime
	
	12
	

	5


	4.6/M
	19F
	Amoxicillin-clavulanate ( cefotaxime
	
	8
	

	6


	2.1/F
	19F
	Ampicillin-sulbactam ( ceftriaxone
	
	10
	

	7


	9.3/M
	23F
	Cefuroxime( ceftriaxone
	
	8
	

	8


	6.2/M
	19F
	Ampicillin(Penicillin( cefotaxime
	
	10
	

	9


	3/F
	6A
	Ceftriaxone
	
	7
	

	10


	4.6/F
	6A
	Meropenem +vancomycin
	(
	12
	ARDS/Expired

	11


	1.4/M
	19A
	Amoxicillin-clavulanate ( cefotaxime
	
	10
	

	12


	5.1/M
	19A*
	Ceftriaxone
	
	1
	Meningitis/Expired

	13


	4/F
	14
	Amoxicillin-clavulanate
	
	9
	

	14
	3.1/F
	19F*
	Amoxicillin-clavulanate ( ceftriaxone ( vancomycin 
	(
	20#
	

	15
	2.1/F
	14
	Amoxicillin-clavulanate
	
	3
	



M = male; F = female, ARDS = acute respiratory distress syndrome

*Transferred to medical center; #duration of stay in the medical center was 13 days

Figure 1. Seasonal distribution of patients with pneumococcal bacteremia 

Analysis of the seasonal distribution of Streptococcus pneumoniae infections diagnosed among the 15 study patients indicated a higher incidence during the winter months.
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