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Abstract 

Background:  To analyse clinical characteristics, antibiotic susceptibility, and risk factors for mortality in paediatric 
invasive pneumococcal disease (IPD) in Beijing.

Methods:  Paediatric IPD patients in our hospital were retrospectively collected from 2012 to 2017. Clinical manifesta‑
tions, laboratory tests, antimicrobial susceptibility and serotype of isolates, and risk factors for mortality of IPD were 
analysed.

Results:  Overall, 186 IPD cases were enrolled. The major manifestations were meningitis (76), pneumonia with 
bacteraemia (60), bacteraemia without focus (21), and pneumonia with empyaema (22). Of 72 cases with underlying 
diseases, leukaemia (18.0%), congenital heart disease (15.3%), primary immunodeficiency disease (12.5%), nephrotic 
syndrome (12.5%), and cerebrospinal fluid leakage (12.5%) were most common. In total 96.9% of isolates would have 
been covered by the pneumococcal conjugate vaccine (PCV13), including 19F (32.8%), 19A (23.4%), 4 (17.2%), and 
23F (9.4%). Nonsusceptibility rates of penicillin, cefotaxime, and cefepime among nonmeningitis patients increased 
between 2012 and 2017; The mortality rate was 21.5%. Meningitis, respiratory failure, multiple organ failure, and white 
blood cell count < 4000 cells/μL were independent risk factors for mortality.

Conclusion:  Meningitis was the most common clinical manifestation of IPD, and was frequently associated with 
death. Strains in the PCV13 vaccine would cover most of the cases, and so wider use of PCV13 should be considered.
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Background
Streptococcus pneumoniae is a major cause of bacterial 
meningitis, septicaemia, and pneumonia worldwide [1] 
and is a commensal bacterium that colonises the phar-
ynx and upper respiratory tract of healthy individuals. 
However, it can spread and establish at various normally 
sterile sites, such as blood, cerebrospinal fluid (CSF), and 
the pleural space, causing invasive pneumococcal disease 
(IPD) [2]. Mortality rates of children with IPD are approx-
imately 5.3%–27.5% and can be even higher, depending 
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on the IPD type [3–5]. In 2010, Navarro-Torne et al. [6] 
found that age, meningitis, non-PCV serotypes among 
children < 5 years of age, and penicillin nonsusceptibility 
were risk factors for mortality in Europe. A study from 
England and Wales found that infants aged < 1  year and 
diagnosis of meningitis contributed to half of the fatal 
cases in childhood [7]. Children with underlying dis-
ease have also been reported to have a higher mortality 
rate [8, 9]. An analysis of 134 isolates in Taiwan showed 
the major risk factors for IPD-related death were inap-
propriate initial therapy of giving ceftriaxone to patients 
infected by ceftriaxone-resistant strains [10]. Few data 
are available about the IPD-related case mortality rate 
and risk factors for mortality in mainland China.

The antibiotic resistance of S. pneumoniae is increas-
ing in China. Between 2006 and 2008, Xue et  al. [11] 
collected 171 strains isolated from children with IPD 
from 11 centres in China. Their drug sensitivity analyses 
revealed that 89.5% were multidrug-resistant, and peni-
cillin resistance was observed in 76.6% of meningeal iso-
lates. A study of children with IPD aged < 5 years in China 
between 2009 and 2011 showed the multidrug resistance 
rate was as high as 96.3% and the penicillin resistance 
rate was 59.26% [12]. Lyu S et al. [13] researched 187 S. 

pneumoniae strains isolated from IPD patients in Beijing 
in 2013 and 2014 and found that the multi-drug resist-
ance rate was 94% and the penicillin and erythromycin 
resistance rates were 28.5% and 100%, respectively. It is 
necessary to continue monitoring the changes in antibi-
otic resistance of S. pneumoniae in China.

The aim of the present study is to analyse the clinical 
features of paediatric IPD, antimicrobial resistance and 
serotype distribution of pneumococcal strains isolated 
from children with IPD, and the risk factors for mortality 
following IPD.

Methods
Study cohort and definition
We retrospectively reviewed all invasive pneumococ-
cal isolates between January 2012 and December 2017 
in Beijing Children’s Hospital. A total of 351 S. pneu-
moniae isolates were obtained (Fig.  1). Excluding 118 
repeated isolates from sampling at different times and 47 
isolates from more than one sterile body site of the same 
patient, 186 nonduplicative patients were enrolled. For 
patients with multiple episodes, only the first episode was 
included. Clinical information was collected, including 
age, sex, onset season, clinical manifestations, diagnosis, 

Fig. 1  Diagram of the identification process of pneumococcal isolates
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underlying diseases, laboratory tests, co-infection, treat-
ment, the types of antibiotics prescribed for IPD patients, 
complications, and outcome.

The diagnosis of IPD was based on clinical mani-
festation and cultures positive for S. pneumoniae that 
were isolated from a normally sterile body site, includ-
ing blood, CSF, pleural fluid, peritoneal fluid, synovial 
fluid, or pericardial fluid. Nasal, ear, ocular, sputum, and 
bronchoscopic specimens were excluded from the study. 
Pneumococcal meningitis was defined as (i) identifica-
tion of S. pneumoniae in CSF or (ii) S. pneumoniae cul-
tured from blood and CSF cell counts were consistent 
with bacterial meningitis in combination with clinical 
features of meningitis. Bacteraemia without focus was 
defined as isolation of S. pneumoniae from blood associ-
ated with general symptoms without the identification of 
focal signs. Pneumonia with bacteraemia was defined as 
patients with a diagnosis of pneumonia and one or more 
blood cultures yielding S. pneumoniae. Community-
acquired episode was defined by disease onset before 
and within 48  h after admission to the hospital. Other-
wise, the episode was defined as nosocomial. The 28-day 
mortality rate was defined as the proportion of patients 
who died within 28 days after discharge. This study was 
approved by the regional ethical review board in Beijing 
Children’s Hospital, Capital Medical University (IEC-C-
008-A08-V.05.1), and was carried out in accordance with 
the principles of the declaration of Helsinki.

S. pneumoniae isolation and serotype identification
Specimens of blood, CSF, and peritoneal fluid were inoc-
ulated in 5% sheep blood agar plates, which were incu-
bated at 35  °C in 7% CO2 for 18–24  h. Colonies were 
selected and further purified. At the same time, the 
optochin test was performed and the strain was identi-
fied using the VITEK 2 automatic microbiological ana-
lyser GPI card. The serotping of the S. pneumoniae was 
performed by the Quellung test using serotype specific 
antiserum (Statens SerumInstitut, Copenhagen, Den-
mark). Serotypes included by pneumococcal conjugate 
vaccine(PCV) were defined as PCV7 (including serotypes 
4, 6B 9 V, 14, 18C, 19F, and 23F) or PCV13 (including 6 
more serotypes 1, 3, 5, 6A,7F, and 19A) vaccine covered 
serotypes. Otherwise, non-PCV serotypes were identi-
fied. The operation steps and judgment criteria were car-
ried out according to the literature [14].

Antimicrobial resistance testing
Bacteria were identified by automatic bacterial identifi-
cation system (VITEK 2 Compact, France) or Optochin 
Discs (OXOID, UK). Twelve antibiotics susceptibility 
(including penicillin, cefotaxime, cefepime, erythromy-
cin, clindamycin, and tetracycline) of S. pneumoniae 

were tested by Kirby-Bauer method. When the minimum 
inhibitory concentration (MIC) of penicillin was ≥ 2, 
another E-Test method was used for supplementary 
experiments. The minimum inhibitory concentration 
(MIC) of penicillin for S. pneumoniae was determined in 
accordance with the guidelines by the Clinical and Labo-
ratory Standards Institute (2013 edition). The American 
Type Culture Collection (ATCC 49,619) strain of S. pneu-
moniae was used as controls during the susceptibility 
test.

Statistical analysis
Statistical analysis was performed with SPSS 17.0 for 
Windows. Categorical variables were presented as the 
number of cases and percentages and compared using 
the χ2 test or the two-tailed Fisher exact test. Continuous 
variables that did not follow a normal distribution were 
described as median with interquartile range (IQR) and 
compared using the Mann–Whitney U test. Univariable 
analysis was performed to identify factors associated with 
a fatal outcome and variables with a P-value of less than 
0.2 in the univariate analysis were included in the final 
model for multivariable analysis and the odds ratio (OR) 
and 95% confidence interval (95% CI) were calculated. A 
P-value of < 0.05 was considered statistically significant; 
the Bonferroni correction was applied for multiple com-
parisons among different age groups.

Results
Demographics of children with IPD
Among the 186 patients, 111 (59.7%) were male and 75 
(40.3%) were female. The median age was 20.5 months 
(IQR, 10.0–43.25), and 162 (87.1%) patients were 
aged < 5  years. There were 111 (59.7%) patients came 
from rural area and 75 (40.3%) patiens came from urban 
area. No statistical difference was observed by compari-
son of characteristics of subjects from the two groups, 
including age, sex, and clinical manifestations. Within 
one patient, who had completed the PCV7 series, was 
isolated serotype 19A. Three patients had received PCV 
without knowing the time to vaccination and doses. 
No seasonal trend was observed. The median length of 
hospitalisation was 19 days (IQR, 8.75–28); 62 (33.3%) 
patients had concurrent infection, including myco-
plasma pneumoniae (16 cases), adenovirus (15 cases), 
influenza (13 cases), rotavirus (9 cases), Epstein–Barr 
virus (7 cases), respiratory syncytial virus (5 cases), and 
cytomegalovirus (1 case); 162 (87.1%) cases were com-
munity-acquired and 24 (12.9%) cases were nosoco-
mial infected. Among the 24 patients with nosocomial 
infection, 10 (41.7%) cases were bacteremia without 
focus and 18 patients (75.0%) had underlying diseases, 
which were significantly more than that in community 
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acquired infection group (P < 0.05). The serotype was 
identified in 6 patients with nosocomial infection, 
including serotype 19F and 19A( 2 cases each), 15B and 
6A (1 case each). No significantly difference was found 
in the antibiotic resistance profiles between the noso-
comial and community-acquired infection groups.

Manifestations of IPD
Meningitis (40.9%) was the most common manifesta-
tion, followed by pneumonia with bacteraemia (32.3%) 
and bacteraemia without focus (11.3%) (Table  1). The 
distribution of manifestations varied with age. Among 
infants ≤ 12  months, 56.7% suffered from meningitis, 
compared with 25.4% among children aged 1–3  years. 

Table 1  Clinical and demographic characteristics of children with invasive pneumococcal disease in different age groups•

• Data are presented as the number of cases (%) for categorical variables. HUS, haemolytic uraemic syndrome; HLH, haemophagocytic lymphohistiocytosis; MODS, 
multiple organ dysfunction syndrome; ICU, intensive care unit; CPR, cardiopulmonary resuscitation
※ Multiple comparisons among different age groups by using the Bonferroni method was performed for the variables of meningitis, pneumonia without meningitis, 
pneumonia with bacteraemia, neurological complication, and respiratory complications. Statistically significant difference (adjusted P-value < 0.05) was identified 
between ‘a’ and ‘b’ groups, but no statistically significant difference was identified between group ‘a’ and ‘a’ or ‘b’ and ‘b’
‡ Two of the HUS patients had concurrent pneumonia with empyaema
† Three of the peritonitis patients had concurrent pneumonia, and one had concurrent meningitis
¶ Incidence of neurological complication calculated in patients with meningitis only. Incidence of pneumonia complication calculated in patients with pneumonia 
only

Age (months)※ 0–12
(n = 67) (%)

13–36
(n = 59) (%)

37–60
(n = 36) (%)

 > 60
(n = 24) (%)

Total
(n = 186) (%)

χ2 P

Sex 4.640 0.200

 Male 39 (58.2) 30 (50.8) 25 (69.4) 17 (70.8) 111 (59.7)

 Female 28 (41.8) 29 (49.2) 11 (30.6) 7 (29.2) 75 (40.3)

Disease onset season 8.446 0.490

 Dec–Feb 26 (38.8) 18 (30.5) 12 (33.3) 8 (33.3) 64 (34.4)

 Mar–May 16 (23.9) 18 (30.5) 11 (30.6) 3 (12.5) 48 (25.8)

 Jun–Aug 14 (20.9) 12 (20.3) 11 (30.6) 8 (33.3) 45 (24.4)

 Sep–Nov 11 (16.4) 11 (18.6) 2 (5.6) 5 (20.8) 29 (15.6)

Clinical manifestations

 Meningitis 38 (56.7)a 15 (25.4)b 12 (33.3)a,b 11 (45.8)a,b 76 (40.9) 13.879 0.003

 -With pneumonia 24 12 4 4 44

 Pneumonia without meningitis 21 (31.3)a 37 (62.7)b 16 (44.4)a,b 9 (33.3)a,b 82 (44.6) 12.818 0.005

 -with bacteraemia 18a 28 a 10 a 4a 60 10.130 0.017

 -with empyaema 3 8 6 5 22

 -with HUS‡ 0 0 2 0 2

 Bacteraemia without focus 4 (6.0) 5 (8.5) 8 (22.2) 4 (16.7) 21 (11.3) 7.002 0.064

 Arthritis 4 (6.0) 1 (1.7) 0 0 5 (2.8) 2.919 0.370

 -With osteomyelitis 2 1 0 0 3

 Peritonitis† 0 1 (1.7) 1 (2.8) 2 (8.3) 4 (2.3)

 Endocarditis 0 1 0 0 1 (0.5)

Complications¶

 Neurological complications 28 (73.7)a 8 (53.3)a,b 3 (25.0)b 3 (27.3)b 42 (55.3) 13.170 0.004

 Respiratory complications 13 (28.9)a 22 (44.9)a 16 (80.0)b 7 (53.8)a,b 58 (45.7) 14.969 0.002

Disease severity

 Respiratory failure 17 (25.4) 8 (13.6) 10 (27.8) 4 (16.7) 39 (21.0) 4.014 0.260

 Septic shock 5 (7.5) 4 (6.8) 2 (5.6) 1 (4.2) 12 (6.5) 0.339 1.000

 HLH 4 (6.0) 4 (6.8) 4 (11.1) 0 13 (7.0) 2.986 0.411

 MODS 3 (4.5) 7 (11.9) 2 (5.6) 1 (4.2) 13 (7.0) 2.678 0.433

ICU admission 36 (53.7)a 19 (32.2)a 11 (30.6)a 9 (37.5)a 75 (40.3) 8.129 0.043

Intubation 26 (38.8)a 15 (25.4)a,b 3 (8.3)b 5 (20.8)a,b 49 (26.3) 11.782 0.008

CPR 8 (11.9) 1 (1.7) 1 (2.8) 1 (4.2) 11 (5.9) 5.818 0.078

Mortality 21 (31.3) 10 (16.9) 4 (11.1) 5 (20.8) 40 (21.5) 6.878 0.076
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Pneumonia without meningitis occurred in 31.3% of 
infants aged ≤ 12  months and 62.7% of children aged 
1–3 years.

Complications of IPD
Of the 76 children with meningitis, 42 (55.3%) had neu-
rological complications: subdural effusion (26 cases), 
hydrocephalus (13 cases), cerebral hernia (10 cases), 
intracranial haemorrhage (7 cases), ventriculitis (3 cases), 
extensive cerebral parenchyma involvement (1 case), 
and venous sinus thrombosis (1 case). Complications of 
pneumonia were found in 58 children: pleural effusion 
(38 cases), Pyopneumothorax (13 cases), atelectasis (8 
cases), pneumothorax (5 cases), bronchopleural fistula 
(2 cases), pneumatocele and lung abscess (2 cases each), 
and pulmonary haemorrhage (1 case). Among patients 
aged ≤ 1  year, more patients with meningitis presented 
with neurological complications compared with other 
age groups, whereas more complications of pneumonia 
occurred in older patients (Table 1).

Children with IPD with underlying diseases
There were 72 (38.7%) patients with underlying diseases. 
The main underlying diseases were leukaemia (13 cases), 
congenital heart disease (11 cases, including 3 with heart 
surgery), CSF leakage (9 cases), nephrotic syndrome (9 
cases), and primary immunodeficiency disease (9 cases). 
Others included neuroblastoma (5 cases), RAS-associ-
ated autoimmune leukoproliferative disorder, Langerhans 
cell histiocytosis, mental retardation, hearing disorder (2 
cases each), systemic lupus erythaematosus, oesophageal 

mediastinal fistula, epilepsy, hydrocephalus, asthma, 
bronchiolitis obliterans, bone marrow transplantation, 
and cochlear implant (1 case each).

The major manifestations of IPD with underlying dis-
eases were meningitis (26 cases, 36.1%), pneumonia with 
bacteraemia (24 cases, 33.3%), and bacteraemia with-
out focus (17 cases, 23.6%). Peritonitis was observed in 
4 (5.6%) cases, and 1 (1.4%) case was myeloarthritis. Of 
the 21 cases with bacteraemia without focus, 81.0% had 
underlying diseases, and 19% did not have underlying 
diseases (χ2 = 17.805, P < 0.001). It was noted that all the 
four patients with peritonitis had nephrotic syndrome, 
and three also had pneumonia with pleural effusion. All 
nine patients with CSF leakage presented with meningi-
tis, and one of them had recurrent S. pneumoniae menin-
gitis 4 years after the first episode (Fig. 2).

Serotype distribution and antibiotic susceptibility results 
of isolates from children with IPD
Antibiotic sensitivity test results were available for 
181(97.3%) patients (Table 2). The number of multidrug-
resistant strains (resistant to ≥ 3 antibiotics at the same 
time) was 147 (81.2%), 128 (87.1%) of which were resist-
ant to erythromycin, clindamycin, and tetracycline. The 
nonsusceptibility rates of penicillin, cefotaxime, and 
cefepime among nonmeningitis patients increased from 
31.3%, 14.3%, and 38.5% in 2012 to 68.2%, 57.1%, and 
66.7% in 2017, respectively (Fig. 3). The nonsusceptibility 
rates of meningitis isolates fluctuated by year.

The serotype was identified in 64 patients; sero-
type 19F (32.8%), 19A (23.4%), and 14 (17.2%) were the 
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Fig. 2  The clinical manifestations of children with invasive pneumococcal disease with underlying diseases
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most common types. PCV13 vaccine-covered serotypes 
accounted for 96.9% (Fig. 4).

Antibiotic treatment
All of the 186 cases were treated with antibiotics, and 166 
(89.2%) cases received more than one types of antibiotic. 
Before bacterial cultre, 49 (26.3%) patients had received 
carbapenems. After the possitive results of S. pneumo-
niae culture were reported, 11 (5.9%) cases, 100 (53.8%) 
cases, 66 (33.5%) cases, 69 (37.1%) cases, and 13(7.0%) 
cases were prescribed by penicillin, cephalosporin, mero-
penem, vancomycin, and macrolides, respectively. There 
were 87 (46.8%) patients had linezolid, 8 (4.3%) cases had 
teicolanin.

Prognosis and risk factors for mortality in children with IPD
A total of 40 cases died of IPD (14 cases died in the hos-
pital and 26 cases died of IPD within 28  days after dis-
charge). The mortality rate was 21.5% (40/186). Among 
the 40 fatal cases, the median age was 12 (IQR, 5–34.25) 
months, 21 (52.5%) cases were aged under 1  year, and 
13 (32.5%) cases had underlying diseases. There were 16 
(42.1%) cases with serotype identification, which revealed 
that eight cases were type 19F, two cases were types 14 

and 6A, respectively, and one case was type 19A, 23F, 
15B, and 1, respectively. Meningitis, respiratory fail-
ure, multiple organ dysfunction syndrome, and WBC 
count < 4000 cells/μL were risk factors for mortality in 
children with IPD (Table 3).

Discussion
S. pneumoniae is a major cause of bacterial meningi-
tis, septicaemia, and pneumonia worldwide [1]. In the 
current study, Pneumococcal meningitis accounted for 
40.9% of cases, being the most common manifestation 
of paediatric IPD, in agreement with recent reports from 
Shanghai (42.6%) [3], Lanzhou (34.5%) [3], and Shuzhou 
(31.3%) [15], China. In a study in India, the proportion 
of pneumococcal meningitis among children with IPD 
aged under 5  years between 2011 and 2015 was 35% 
[16]. These percentages differ from the post-PCV era; for 
example, a retrospective study from 2001 to 2006 in Tai-
wan showed the incidence of meningitis was only 8% [17]. 
In the period from 2006 to 2014, the incidence of menin-
gitis in England and Wales was 22% [18]. The Active Bac-
terial Core Surveillance in the USA in 2017 indicated that 
the incidence of meningitis was 6.9%, much lower than 

Table 2  Antibiotic susceptibility results of pneumococcal isolates from children with invasive pneumococcal disease

a SMZ-Co, compound sulfamethoxazole
b Data are presented as the number of cases (%) for categorical variables
C For patients clinically diagnosed with meningitis and with drug sensitivity test results, the strain is derived from CSF or other sterile site samples, where priority is 
given to the inclusion in CSF isolates. Other sterile site samples are interpreted according to meningitis resistance criteria

Antibiotica No. of isolates (%)b Total 
no. of 
isolatesSusceptible Intermediate Resistant Nonsusceptible

(R + I)

Penicillin

 Meningitisc 16(28.1) 0 41(71.9) 41 (71.9) 57

 Nonmeningitis 67 (51.9) 51 (39.5) 11 (8.5) 62 (48.1) 129

Cefotaxime

 Meningitisc 17 (35.4) 23 (47.9) 8 (16.7) 31 (64.6) 48

 Nonmeningitis 74 (61.7) 27 (22.5) 19 (15.8) 46 (37.5) 120

Cefepime

 Meningitisc 10 (23.8) 12 (28.6) 20 (47.7) 32 (76.2) 42

 Nonmeningitis 49 (49.5) 42 (42.4) 8 (19.0) 50 (50.1) 99

 Erythromycin 4 (2.6) 0 152 (97.4) 152 (97.4) 156

 Clindamycin 4 (2.6) 0 149 (97.4) 149 (97.4) 153

 Tetracycline 14 (9.0) 14 (9.0) 128 (82.1) 128 (91.0) 156

 SMZ-Co 47 (26.3) 22 (12.3) 110 (61.5) 110 (73.7) 179

 Chloramphenicol 166 (93.3) 0 12 (6.7) 12 (6.7) 178

 Levofloxacin 155 (100.0) 0 0 0 (0) 155

 Meropenem 39 (39.0) 35 (35.0) 26 (26.0) 61 (61) 100

 Vancomycin 181 (100.0) 0 0 0 (0) 181

 Linezolid 181 (100.0) 0 0 0 (0) 181
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those of pneumonia with bacteraemia (69.3%) and bacte-
raemia without focus (16.4%) [19].

The distribution of manifestations varied with age. 
More than half of the infants aged under 1  year had 

meningitis, in agreement with the results of a recent mul-
ticentre surveillance in China [20]. As many as 47 (25.2%) 
patients had more than one site of infection, which was 
more than reported in a previous study in China [3]. 
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Fig. 4  Proportionate and cumulative serotype distribution of S. pneumoniae isolates from IPD children
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Notably, 12 cases suffered from more rare IPD manifes-
tations, such as arthritis, peritonitis, HUS, and endocar-
ditis, which have also been described in previous studies 
[21–23].

Between 11 and 44% of children with IPD have been 
reported to have an underlying disease [8, 24, 25]. Under-
lying diseases include HIV infection [8], asthma [26–28], 
congenital heart disease, cancer, renal diseases, and 
organ transplantation [29], which have been considered 
to be risk factors for IPD. In the present study, the under-
lying diseases in children with IPD showed a great vari-
ety, and the underlying disease rate was 38.7%, which is 
higher than in other studies in China [3, 30]. This could 
be explained by the fact that our hospital is a national 
paediatric medicine centre which houses a national hae-
matology centre and various specialist wards to accept 
more children with underlying diseases. The mortality 
rate for children with IPD has been found to be 3 to 4 
times higher if they also have an underlying disease [1, 
31, 32], but we found no significant difference in mortal-
ity between children with IPD with or without underlying 
disease. The incidence of underlying diseases was even 
higher in the nonfatal group (40.4%) than in the fatal 
group (32.5%) (Table 3). This could be explained by sev-
eral reasons. First, broad-spectrum antibiotics and more 
intensive therapy were given to patients with underly-
ing diseases to effectively control the infection. Second, 
our hospital receives not only IPD patients from Beijing 
but also from around China (accounting for 73.5%) who 
were transferred from local hospitals because of severe 
conditions. Although these patients had no underlying 

disease, this may have induced bias of mortality. Though 
the underlying disease was no risk factor in the present 
study, we confirmed factors that were of potential con-
cern because of the heavy burden for IPD in immuno-
compromised individuals.

S. pneumoniae drug resistance has become a global 
problem. The multidrug resistance rate in the present 
study (81.2%) was higher than that in a recent multicen-
tre study in China (46.1%) [33] but similar to the level 
reported by ANSORP (83.3%), which was significantly 
higher than that in Asia (59.3%) [34]. The nonsusceptibil-
ity rates of penicillin, cefotaxime, and cefepime in non-
meningeal isolates increased with time. Of nonmeningitis 
isolates, 8.5% were resistant to penicillin, which was sig-
nificantly more than the 0.7% reported by ANSORP [34] 
and percentages reported in other parts of China [11, 33, 
35]. This discrepancy could at least partially result from 
the inappropriate use of antibiotics, as 49 patients (26.3%) 
had received carbapenems antibiotics and an even higher 
proportion of patients had received other types of anti-
biotics before bacterial culture. Therefore, continuous 
monitoring of penicillin-nonsusceptible S. pneumoniae 
in children with nonmeningitis IPD should be reinforced 
in the region.

The estimated serotype identification showed that 
PCV13 vaccine-covered serotypes accounted for 96.9%, 
similar to a recent meta-analysis in China [36, 37]. The 
serotype distribution suggests that, at present, PCV13 
has a preventive effect on pneumococcal infection, and 
it is recommended to introduce PCV in China. The S. 
pneumoniae vaccine has currently not been introduced 

Table 3  Logistic regression analysis for risk factor analysis of fatal IPD

a MODS, multiple organ dysfunction syndrome; WBC, white blood cell; CRP, C-reactive protein
b Data are presented as the number of cases (%) for categorical variables
c All variables with a P-value < 0.20 in the univariate analysis were included in the logistic regression model in the multivariate analysis. A forward stepwise selection 
process was utilised

Characteristicsa Outcome Univariate analysis Multivariate analysisc

Fatal Nonfatal Odds ratio (95% CI) P-value Odds ratio (95% CI) P

(n = 40) (%)b (n = 146) (%)

Age < 1 year 21 (52.5) 19 (13.0) 0.74 (0.51–1.08) 0.116

Underlying diseases 13 (32.5) 59 (40.4) 0.71 (0.34–1.49) 0.364

Meningitis 24 (60.0) 52 (35.6) 2.71 (1.32–5.58) 0.006 4.13 (1.65–10.38) 0.003

Septic shock 10 (25.0) 2 (1.4) 24.00 (5.00–115.17)  < 0.001

MODS 9 (22.5) 4 (2.7) 10.31 (2.98–35.62)  < 0.001 13.53 (3.15–58.16)  < 0.001

Respiratory failure 19 (47.5) 20 (13.7) 5.70 (2.61–12.43)  < 0.001 9.00 (3.53–22.96)  < 0.001

WBC count < 4000 cells/μL 16 (40.0) 23 (15.8) 3.83 (1.75–8.37) 0.001 3.31 (1.16–9.46) 0.026

CRP > 50 mg/L 35 (87.5) 120 (82.2) 1.75 (0.57–5.38) 0.329

Nosocomial infection 4 (10.0) 20 (13.7) 0.70 (0.23–2.18) 0.538

Co-infection 7 (17.5) 55 (37.7) 0.35 (0.15–0.85) 0.020

Penicillin nonsusceptibility 17 (42.5) 86 (58.9) 0.85 (0.42–1.73) 0.658
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into the National Immunization Program (NIP) of China 
[10], but has been available by out-of pocket costs. In 
China, the pneumococcal vaccine is often just shorted 
to being referred to as the "pneumonia vaccine" [38]. The 
public tend to think the pneumococcal vaccine is a vac-
cine just against pneumonia. The real problem is menin-
gitis caused by S. pneumoniae, and further information 
about PCV protecting against meningitis could increase 
its acceptance in China. Since the introduction of pneu-
mococcal vaccines worldwide in 2000, there has been a 
sharp reduction in cases and deaths, including a 51% 
decline in infant mortality from pneumococcus between 
2000 and 2015 [39]. Changes in serotype distribution 
have occurred in post-vaccine era [40]. Invasive pneu-
mococcal disease incidence due to non-PCV13 serotypes 
doubled since the introduction of PCV7 and most of the 
death cases were due to nonvaccine serotypes in Englland 
and Wales [7, 41]. Paediatric vaccination increases the 
burden of non-vaccine serotype invasive pneumococcal 
disease in children and adults [41–43]. Reliable baseline 
data before vaccination are crucial to continue monitor-
ing the occurrence of IPD after PCV in China.

The pneumococcal meningitis-associated mortality 
rate is close to 59% among survivors in low-income coun-
tries [16]. Large surveillance studies of IPD in Europe 
in 2010 [6], a Denmark cohort study in 2009 [32], and 
a more recent report from England and Wales [7] also 
showed a significant association between meningitis and 
death in IPD. Our analysis gave similar results. Further-
more, respiratory failure and multiple organ dysfunc-
tion syndrome were found to be independent risk factors 
for mortality in our study. In addition, the biomarker 
of WBC count < 4000 cells/μL was also associated with 
mortality as an independent risk factor, in agreement 
with previous studies [17, 44]. WBC count < 4000 cells/
μL was also one of the diagnosis criteria for sepsis, which 
was related to poor outcomes in another study [45]. 
These observations suggest that early evaluation of res-
piratory function and signs of multiorgan dysfunction is 
critical to predict poor outcome. Underlying diseases [8], 
specific serotypes [32], and age [44] were also revealed 
as risk factors for mortality. Due to the limited number 
of cases in the present study, specific serotypes were not 
enrolled in the prognosis model. Moreover, we found the 
average age of fatal cases was lower than that of survi-
vors, but age was no independent risk factor for mortal-
ity. Therefore, the debate continues regarding the extent 
to which specific serotypes, underlying diseases, and age 
affect the outcome of IPD, indicating further large-scale, 
prospective studies are warranted.

Several limitations exist in the present study. First, 
it was a hospital-based retrospective review. We failed 
to identify same prognostic factors (such as underlying 

diseases) in our multivariate analysis due to selection 
bias and the relatively small sample size. Further large-
scale studies are warranted. Second, only 34.4% of the S. 
pneumoniae isolates were available for serotyping for the 
same reason. Serotyping of pneumococcal isolates should 
be encouraged in future investigations. Nevertheless, our 
study adds to the limited literature about IPD in China 
and emphasises the need for continued and improved 
surveillance of IPD in China.

Conclusions
The peak age of children with IPD was < 5  years. The 
manifestations of IPD varied with age. The antibiotic 
resistance rates are of serious concern in children with 
IPD in China. Paediatric IPD patients with meningitis 
and other severe conditions, such as respiratory failure, 
multiple organ dysfunction syndrome, and WBC < 4000 
cells/μL, should initially be considered for intensive care.

Abbreviations
IPD: Invasive pneumococcal disease; PCV: Pneumococcal conjugate vac‑
cine; CSF: Cerebrospinal fluid; MIC: Minimum inhibitory concentration; IQR: 
Interqurtile range; OR: Odd ratio; HUS: Haemolytic uraemic syndrome; HLH: 
Haemophagocytic lymphohistiocytosis; MODS: Multiple organ dysfunction 
syndrome; ICU: Intensive care unit; CPR: Cardiopulmonary resuscitation; WBC: 
White blood cell; SMZ-Co: Compound sulfamethoxazole.

Acknowledgements
We thank the Department of Medical Records and Statistics and the Clinical 
Laboratory of Beijing Children’s Hospital for their contribution to this study.

Authors’ contributions
All of the authors had access to the full dataset (including the statistical 
reports and tables) and take responsibility for the integrity of the data and 
the accuracy of the data analysis. JM, WX, YKH, YYH, and LG conceived and 
designed the study. JM, WX, ZL, DF, SW, WQ, SWQ and LG collected the data 
and designed the analysis. JM, WX, and LG interpreted the data. JM and WX 
wrote the first draft of the paper. JM, ZL and LG reviewed and approved the 
final report. All authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets analysed during the current study are available from the cor‑
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was reviewed and approved by the Ethics Committee of Beijing 
Children’s Hospital Affiliated to Capital Medical University (IEC-C-008-A08-
V.05.1), Informed consent was waived because this was a retrospectively study. 
We obtained patient data from the Medical Records and Statistics Room. 
We analysed the data anonymously. The raw data were permitted by the 
Ethics Committee of Beijing Children’s Hospital Affiliated to Capital Medical 
University.

Consent to publication
Not applicable.



Page 10 of 11Jiang et al. BMC Infectious Diseases          (2022) 22:338 

Competing interests
The authors declare that they have no competing interests.

Author details
1 Key Laboratory of Major Diseases in Children, Ministry of Education, Depart‑
ment of Infectious Diseases, National Center for Children’s Health, China, 
Beijing Children’s Hospital Affiliated to Capital Medical University, No. 56 
Nan Lishi Road, Beijing 100045, China. 2 Department of Infectious Diseases, 
Shenzhen Children’s Hospital, Shenzhen 518035, China. 3 Key Laboratory 
of Major Diseases in Children, Ministry of Education, National Key Discipline 
of Pediatrics (Capital Medical University), National Center for Children’s Health, 
Beijing Pediatric Research Institute, Beijing Children’s Hospital, Capital Medical 
University, Beijing 100045, China. 4 Department of Laboratory Medicine, Beijing 
Children’s Hospital, Capital Medical University, Beijing 100045, China. 

Received: 23 April 2020   Accepted: 18 February 2022

References
	1.	 Backhaus E, Berg S, Andersson R, Ockborn G, Malmstrom P, Dahl M, et al. 

Epidemiology of invasive pneumococcal infections: manifestations, 
incidence and case fatality rate correlated to age, gender and risk factors. 
BMC Infect Dis. 2016;16:367.

	2.	 Levine OS, Farley M, Harrison LH, Lefkowitz L, McGeer A, Schwartz B, et al. 
Risk factors for invasive pneumococcal disease in children: a population-
based case-control study in North America. Pediatrics. 1999;103(3):e28.

	3.	 Cai K, Wang Y, Guo Z, Xu X, Li H, Qingli Z, et al. Clinical characteristics and 
antimicrobial resistance of pneumococcal isolates of pediatric invasive 
pneumococcal disease in China. Infect Drug Resis. 2018;11:2461–9.

	4.	 Houseman C, Chapman KE, Manley P, Gorton R, Wilson D, Hughes GJ, 
et al. Decreasing case fatality rate following invasive pneumococcal 
disease, North East England, 2006–2016. Epidemiol Infect. 2019;147:e175.

	5.	 Weinberger DM, Harboe ZB, Sanders EA, Ndiritu M, Klugman KP, Ruck‑
inger S, et al. Association of serotype with risk of death due to pneumo‑
coccal pneumonia: a meta-analysis. Clin Infect Dis. 2010;51(6):692–9.

	6.	 Navarro-Torne A, Dias JG, Hruba F, Lopalco PL, Pastore-Celentano L, Gauci 
AJ, et al. Risk factors for death from invasive pneumococcal disease, 
Europe, 2010. Emerg Infect Dis. 2015;21(3):417–25.

	7.	 Oligbu G, Collins S, Sheppard CL, Fry NK, Slack M, Borrow R, et al. Child‑
hood Deaths Attributable to Invasive Pneumococcal Disease in England 
and Wales, 2006–2014. Clin Infect Dis. 2017;65(2):308–14.

	8.	 Hjuler T, Wohlfahrt J, Staum KM, Koch A, Biggar RJ, Melbye M, et al. Risks 
of invasive pneumococcal disease in children with underlying chronic 
diseases. Pediatrics. 2008;122(1):e26-32.

	9.	 Gómez-Barreto D, Espinosa-Monteros LE, López-Enríquez C, Jiménez-
Rojas V, Rodríguez-Suárez R. Invasive pneumococcal disease in a third 
level pediatric hospital in Mexico City: Epidemiology and mortality risk 
factors. Salud Pública De México. 2010;52(5):391–7.

	10.	 Lee HY, Wu TL, Su LH, Li HC, Janapatla RP, Chen CL, et al. Invasive pneumo‑
coccal disease caused by ceftriaxone-resistant Streptococcus pneumoniae 
in Taiwan. J Microbiol Immunol Infect. 2018;51(4):500–9.

	11.	 Xue L, Yao K, Xie G, Zheng Y, Wang C, Shang Y, et al. Serotype distribu‑
tion and antimicrobial resistance of Streptococcus pneumoniae isolates 
that cause invasive disease among Chinese children. Clin Infect Dis. 
2010;50(5):741–4.

	12.	 Liu C, Xiong X, Xu W, Sun J, Wang L, Li J, et al. Serotypes and patterns of 
antibiotic resistance in strains causing invasive pneumococcal disease in 
children less than 5 years of age. PLoS ONE. 2013;8(1):e54254.

	13.	 Lyu S, Yao KH, Dong F, Xu BP, Liu G, Wang Q, et al. Vaccine serotypes of 
Streptococcus pneumoniae with high-level antibiotic resistance isolated 
more frequently seven years after the licensure of PCV7 in Beijing. Pediatr 
Infect Dis J. 2016;35(3):316–21.

	14.	 Sørensen UB. Typing of pneumococci by using 12 pooled antisera. J Clin 
Microbiol. 1993;31(8):2097–100.

	15.	 Zhang X, Tian J, Shan W, Xue J, Tao Y, Geng Q, et al. Characteristics 
of pediatric invasive pneumococcal diseases and the pneumococ‑
cal isolates in Suzhou, China before introduction of PCV13. Vaccine. 
2017;35(33):4119–25.

	16.	 Manoharan A, Manchanda V, Balasubramanian S, Lalwani S, Modak 
M, Bai S, et al. Invasive pneumococcal disease in children aged 
younger than 5 years in India: a surveillance study. Lancet Infect Dis. 
2017;17(3):305–12.

	17.	 Chiu NC, Chi H, Peng CC, Chang HY, Huang DT, Chang L, et al. Retro‑
spective study of prognostic factors in pediatric invasive pneumococ‑
cal disease. Peer J. 2017;5:e2941.

	18.	 Oligbu G, Collins S, Andrews N, Sheppard CL, Fry NK, Slack MPE, et al. 
Characteristics and Serotype Distribution of Childhood Cases of 
Invasive Pneumococcal Disease Following Pneumococcal Conju‑
gate Vaccination in England and Wales, 2006–2014. Clin Infect Dis. 
2017;65(7):1191–8.

	19.	 Centers for Disease Control and Prevention. Active bacterial core 
surveillance(ABCs) report: emerging infections program network, strep‑
tococcus pneumoniae, 2017. http://​www.​cdc.​gov/​abcs/​repor​tsfin​dings/​
survr​eports/​spneu​17.​pdf.

	20.	 Li C, Feng W, Lin A, Zheng G, Wang Y, Han Y, et al. Clinical characteristics 
and etiology of bacterial meningitis in Chinese children >28 days of age, 
January 2014–December 2016: A multicenter retrospective study. Int J 
Infect Dis. 2018;74:47–53.

	21.	 Makwana A, Sheppard C, Fry NK, Ladhani SN. Pneumococcal-related 
Hemolytic Uremic Syndrome in the United Kingdom: National Surveil‑
lance, 2006–2016. Pediatr Infect Dis J. 2019;38:e254–9.

	22.	 Taylor SN, Sanders CV. Unusual manifestations of invasive pneumococcal 
infection. Am J Med. 1999;107(1A):12S-27S.

	23.	 Malaker R, Saha S, Hanif M, Ahmed A, Saha S, Hasanuzzaman M, et al. 
Invasive Pneumococcal Infections in Children with Nephrotic Syndrome 
in Bangladesh. Pediatr Infect Dis J. 2019;38(8):798–803.

	24.	 Kaplan SL, Mason EJ, Wald E, Tan TQ, Schutze GE, Bradley JS, et al. Six year 
multicenter surveillance of invasive pneumococcal infections in children. 
Pediatr Infect Dis J. 2002;21(2):141–7.

	25.	 Pelton SI, Weycker D, Farkouh RA, Strutton DR, Shea KM, Edelsberg J, 
et al. Risk of pneumococcal disease in children with chronic medical 
conditions in the era of pneumococcal conjugate vaccine. Clin Infect Dis. 
2014;59(5):615–23.

	26.	 Siemieniuk RAC, Gregson DB, Gill MJ. The persisting burden of invasive 
pneumococcal disease in HIV patients: an observational cohort study. 
BMC Infect Dis. 2011;11(1):314.

	27.	 Talbot TR, Hartert TV, Mitchel E, Halasa NB, Arbogast PG, Poehling KA, 
et al. Asthma as a risk factor for invasive pneumococcal disease. N Engl J 
Med. 2005;352(20):2082–90.

	28.	 Falleiros-Arlant LH, Berezin EN, Avila-Aguero ML, Pirez MC, Gentile A, Rich‑
ardson V, et al. Epidemiological burden of invasive pneumococcal disease 
in children and adolescents with predisposing risk factors. Int J Infect Dis. 
2015;38:1–6.

	29.	 van Aalst M, Lotsch F, Spijker R, van der Meer J, Langendam MW, Goorhuis 
A, et al. Incidence of invasive pneumococcal disease in immunocompro‑
mised patients: a systematic review and meta-analysis. Travel Med Infect 
Dis. 2018;24:89–100.

	30.	 Jiang H, Huai Y, Chen H, Uyeki TM, Chen M, Guan X, et al. Invasive Strep-
tococcus pneumoniae infection among hospitalized patients in Jingzhou 
city, China, 2010–2012. PLoS ONE. 2018;13(8):e201312.

	31.	 Robinson KA, Baughman W, Rothrock G, Barrett NL, Pass M, Lexau C, et al. 
Epidemiology of invasive Streptococcus pneumoniae infections in the 
United States, 1995–1998: Opportunities for prevention in the conjugate 
vaccine era. JAMA. 2001;285(13):1729–35.

	32.	 Harboe ZB, Thomsen RW, Riis A, Valentiner-Branth P, Christensen JJ, 
Lambertsen L, et al. Pneumococcal serotypes and mortality following 
invasive pneumococcal disease: a population-based cohort study. PLoS 
Med. 2009;6(5):e1000081.

	33.	 Wang C, Chen Y, Fang C, Zhou M, Xu H, Jing C, et al. Antibiotic resistance 
profiles and multidrug resistance patterns of Streptococcus pneumoniae 
in pediatrics. Medicine. 2019;98(24):e15942.

	34.	 Kim SH, Song J, Chung DR, Thamlikitkul V, Yang Y, Wang H, et al. Chang‑
ing trends in antimicrobial resistance and serotypes of Streptococcus 
pneumoniae isolates in Asian countries: an asian network for surveil‑
lance of resistant pathogens (ANSORP) Study. Antimicrob Agents CH. 
2012;56(3):1418–26.

	35.	 Wang J, Liu F, Ao P, Li X, Zheng H, Wu D, et al. Detection of serotype dis‑
tribution and drug resistance of Streptococcus pneumoniae isolated from 
pediatric patients. Lab Med. 2017;48(1):39–45.

http://www.cdc.gov/abcs/reportsfindings/survreports/spneu17.pdf
http://www.cdc.gov/abcs/reportsfindings/survreports/spneu17.pdf


Page 11 of 11Jiang et al. BMC Infectious Diseases          (2022) 22:338 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	36.	 Fu J, Yi R, Jiang Y, Xu S, Qin P, Liang Z, et al. Serotype distribution and 
antimicrobial resistance of Streptococcus pneumoniae causing invasive 
diseases in China: a meta-analysis. BMC Pediatr. 2019;19(1):424.

	37.	 Men W, Dong Q, Shi W, Yao K. Serotype distribution and antimicrobial 
resistance patterns of invasive pneumococcal disease isolates from 
children in mainland China—a systematic review. Braz J Microbiol. 2019. 
https://​doi.​org/​10.​1007/​s42770-​019-​00198-9.

	38.	 Wagner AL, Boulton ML, Sun X, Mukherjee B, Huang Z, Harmsen IA, et al. 
Perceptions of measles, pneumonia, and meningitis vaccines among car‑
egivers in Shanghai, China, and the health belief model: a cross-sectional 
study. BMC Pediatr. 2017;17(1):143.

	39.	 Wahl B, O’Brien KL, Greenbaum A, Majumder A, Liu L, Chu Y, et al. Burden 
of Streptococcus pneumoniae and Haemophilus influenzae type b disease 
in children in the era of conjugate vaccines: global, regional, and national 
estimates for 2000–15. Lancet Glob Health. 2018;6(7):e744–57.

	40.	 Ladhani SN, Andrews N, Ramsay ME. Summary of evidence to reduce the 
two-dose infant priming schedule to a single dose of the 13-valent pneu‑
mococcal conjugate vaccine in the national immunisation programme in 
the UK. Lancet Infect Dis. 2021;21(4):e93–102.

	41.	 Ladhani SN, Collins S, Djennad A, Sheppard CL, Borrow R, Fry NK, et al. 
Rapid increase in non-vaccine serotypes causing invasive pneumococcal 
disease in England and Wales, 2000–17: a prospective national observa‑
tional cohort study. Lancet Infect Dis. 2018;18(4):441–51.

	42.	 Ouldali N, Levy C, Varon E, Bonacorsi S, Béchet S, Cohen R, et al. Incidence 
of paediatric pneumococcal meningitis and emergence of new sero‑
types: a time-series analysis of a 16-year French national survey. Lancet 
Infect Dis. 2018;18(9):983–91.

	43.	 Lewnard JA, Hanage WP. Making sense of differences in pneumococcal 
serotype replacement. Lancet Infect Dis. 2019;19(6):e213–20.

	44.	 Ma JS, Chen PY, Mak SC, Chi CS, Lau YJ. Clinical outcome of invasive 
pneumococcal infection in children: a 10-year retrospective analysis. J 
Microbiol Immunol Infect. 2002;35(1):23–8.

	45.	 Hanada S, Iwata S, Kishi K, Morozumi M, Chiba N, Wajima T, et al. Host 
factors and biomarkers associated with poor outcomes in adults with 
invasive pneumococcal disease. PLoS ONE. 2016;11(1):e147877.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1007/s42770-019-00198-9

	Clinical characteristics, antimicrobial resistance, and risk factors for mortality in paediatric invasive pneumococcal disease in Beijing, 2012–2017
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study cohort and definition
	S. pneumoniae isolation and serotype identification
	Antimicrobial resistance testing
	Statistical analysis

	Results
	Demographics of children with IPD
	Manifestations of IPD
	Complications of IPD
	Children with IPD with underlying diseases
	Serotype distribution and antibiotic susceptibility results of isolates from children with IPD
	Antibiotic treatment
	Prognosis and risk factors for mortality in children with IPD

	Discussion
	Conclusions
	Acknowledgements
	References


