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Objective: To analyze the clinical epidemiological characteristics including

clinical features, disease prognosis of pneumococcal meningitis (PM), and drug

sensitivity of S. pneumoniae isolates in Chinese children.

Methods: A retrospective analysis was performed on the clinical, laboratory

microbiological data of 160 hospitalized children less than 15 years of age with

PM from January 2019 to December 2020 in 33 tertiary hospitals in China.

Results: A total of 160 PM patients were diagnosed, including 103 males and 57

females The onset age was 15 days to 15 years old, and themedian age was 1 year

and 3 months. There were 137 cases (85.6%) in the 3 months to <5 years age

group, especially in the 3 months to <3 years age group (109 cases, 68.2%);

S. pneumoniae was isolated from cerebrospinal fluid (CSF) culture in 95(35.6%),

and 57(35.6%) in blood culture. The positive rates of S. pneumoniae detection by

CSF metagenomic next-generation sequencing (mNGS)and antigen detection

method were 40.2% (35/87) and 26.9% (21/78). Fifty-five cases (34.4%) had one or

more predisposing factors of bacterial meningitis; and 113 cases (70.6%) had one
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or more extracranial infection diseases Fever (147, 91.9%) was the most common

clinical symptom, followed by vomiting (61, 38.1%) and altered mental status

(47,29.4%). Among 160 children with PM, the main intracranial imaging

complications were subdural effusion and (or) empyema in 43 cases (26.9%),

hydrocephalus in 24 cases (15.0%), cerebral abscess in 23 cases (14.4%),

intracranial hemorrhage in 8 cases (5.0%), and other cerebrovascular diseases

in 13 cases (8.1%) including encephalomalacia, cerebral infarction, and

encephalatrophy. Subdural effusion and (or) empyema and hydrocephalus

mainly occurred in children < 1 years old (90.7% (39/43) and 83.3% (20/24),

respectively). 17 cases with PM (39.5%) had more than one intracranial imaging

abnormality. S. pneumoniae isolates were completely sensitive to vancomycin

(100.0%, 75/75), linezolid (100.0%,56/56), ertapenem (6/6); highly sensitive to

levofloxacin (81.5%, 22/27), moxifloxacin (14/17), rifampicin (96.2%, 25/26), and

chloramphenicol (91.3%, 21/23); moderately sensitive to cefotaxime (56.1%, 23/

41), meropenem (51.1%, 23/45) and ceftriaxone (63.5, 33/52); less sensitive to

penicillin (19.6%, 27/138) and clindamycin (1/19); completely resistant to

erythromycin (100.0%, 31/31). The cure and improvement rate were 22.5% (36/

160)and 66.3% (106/160), respectively. 18 cases (11.3%) had an adverse outcome,

including 6 cases withdrawing treatment therapy, 5 cases unhealed, 5 cases died,

and 2 recurrences. S. pneumoniae was completely susceptible to vancomycin

(100.0%, 75/75), linezolid (100.0%, 56/56), and ertapenem (6/6); susceptible to

cefotaxime, meropenem, and ceftriaxone in the order of 56.1% (23/41), 51.1% (23/

45), and 63.5 (33/52); completely resistant to erythromycin (100.0%, 31/31).

Conclusion: Pediatric PM is more common in children aged 3 months to < 3

years old. Intracranial complications mostly occur in children < 1 year of age with

fever being the most common clinical manifestations and subdural effusion and

(or) empyema and hydrocephalus being the most common complications,

respectively. CSF non-culture methods can facilitate improving the detection

rate of pathogenic bacteria. More than 10% of PM children had adverse

outcomes. S. pneumoniae strains are susceptible to vancomycin, linezolid,

ertapenem, levofloxacin, moxifloxacin, rifampicin, and chloramphenicol.
KEYWORDS

S. pneumoniae, meningitis, epidemiology, multicenter study, pediatric
Introduction

Streptococcus pneumoniae (S. pneumoniae) is the leading causative

agent of bacterial meningitis in children more than 3 months of age

(Guo et al., 2016; Li et al., 2018), which is an important pathogen of

death of children (Organization, 2019). Due to the lack of domestic

public awareness of the lack of knowledge related to S. pneumoniae

infections, low vaccination coverage with geographic variations

(Organization WH., 2021), difficulties in rapid and accurate

pathogenetic testing, lack of an effective surveillance system, and

changing patterns of pathogen resistance, the Global Burden of

Disease Study estimated that in 2016, the number of Chinese

pneumococcal meningitis (PM) deaths amounted to 606 cases, with
02
a mortality rate of 0.04/100,000 (Collaborators GCoD, 2017). The

mortality rate of PM is nearly 20%-30% (Li et al., 2018), and 30%-52%

of cases may develop neurologic long-term sequel (Hénaff et al., 2017),

with the most severe long-term effects on survivors (GBD 2016 Brain

and Other CNS Cancer Collaborators, 2019; GBD 2016 Neurology

Collaborators, 2019), seriously threatening the health of children in

China. Therefore, a complete understanding of the epidemiological

features, clinical characteristics, common complications, and

antimicrobial susceptibility of PM in children in China, as well as

early and rational treatments are key to improving prognosis. From

January 2019 to December 2020, we initiated a nationwide study in 33

tertiary hospitals in Grade A to collect clinical and laboratory data on

PM in hospitalized children to learn understand the season of onset,
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age of onset, clinical features, common intracranial imaging

complications, prognosis and recurrence, and antimicrobial

susceptibility of PM in Chinese children, to reflect more

comprehensively the epidemiological features of PM and the trend of

disease change in China’s pediatric PM, and dynamically optimizing

the adjustment of prevention and treatment strategies.
Materials and methods

Study design and procedures

From 2019 to 2020, we conducted a national multicenter

retrospective study of children (<15 years of age) diagnosed with

PM across seven geographical divisions of China. A total of 33

tertiary Grade A hospitals in 23 provinces (27 cities) participated in

this study. Of the 33 collaborating hospitals, 13 are in East China, 6

in North China, 4 each in Central and Northwest China, 3 in

Southwest China, 2 in South China, and 1 in Northeast China.
Patient inclusion and exclusion criteria

All patients enrolled met the standards of PM diagnosis

established by the World Health Organization (WHO)

(Organization WH., 2003). The PM diagnostic criteria of PM were

as follows: 1) clinical signs and symptoms (persistent or recurrent

fever, bulging fontanelles, neck stiffness or painful neck, vomiting,

headache, altered mental status, seizures, or focal neurologic signs)

that comply with meningitis; 2) CSF examination revealing at least

one of the following (turbid appearance; CSF leukocytosis (>100 cells/

mL); leukocytosis (10–100 cells/mL AND either an elevated protein

(>1.0g/L) or decreased glucose (<2.2 mmol/L). If CSF protein and

glucose results are not available, diagnose using the first 2 conditions

(turbid appearance or leukocytosis >100 cells/mL). 3) S. pneumoniae

was identified by microbiological testing (positive blood or CSF

culture, positive CSF antigen detection, positive CSF mNGS

testing) or Gram staining and microscopy of the CSF.
Inclusion criteria
The enrolled patients met the following three criteria.
Fron
(1) The admission date was between January 1, 2019, and

December 31, 2020;

(2) age<15 years of age;

(3) hospi ta l i zed chi ldren wi th PM diagnos i s in

selected hospitals
Exclusion criteria
Patients were excluded from the study if cranial computed

tomography (CT) and magnetic resonance imaging (MRI) were

not performed.
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Data collection

Based on the International Classification of Diseases Tenth

Revision diagnostic codes and Systematized Nomenclature of

Medicine codes, these cases were identified by retrieving the

electronic medical records for the discharge diagnoses “acute

purulent meningitis” or “acute bacterial meningitis” or “central

nervous system infection” or “intracranial infection” or

“meningitis” in each collaborating hospital from January 2019 to

December 2020. Only the first medical record was included for

analysis if the patient was hospitalized multiple times for the same

diagnosis. Medical records, laboratory, and microbiological data of all

enrolled cases were systematically assessed and recorded by locally

trained pediatric researchers using a standard case report form and

entered into the Good Clinical Data Management System.

We retrospectively collected data including baseline information

on demographics, clinical characteristics, the time of admission and

discharge, craniofacial and spinal anatomical abnormalities

associated with central nervous system infection, causative

microorganisms, laboratory findings, cranial imaging, treatment,

antibiotic susceptibility test results, and outcomes.
Laboratory methods analysis

All enrolled cases with PMdiagnosis underwent LP after admission

and cerebrospinal fluid (CSF) examinations were conducted,

encompassing leukocyte and red blood cell count, differential

leukocyte count, CSF biochemical, CSF culture, Gram staining and

microscopy), as well as blood routine test, blood cultures, and cranial

imaging. CSF and blood specimens were cultured, and S. pneumoniae

was identified using standard methods as previously described.

Microbiological specimens were cultured by BACT/ALERT 3D 240

automatic blood culture instrument (Mérieux, France), and S.

pneumoniae were identified by the automatic bacterial identification

system (VITEK Compact 2, France) at each surveillance center. Drug

susceptibility testing of S. pneumoniae to penicillin was supplemented

with the E-test method (Sangji et al., 2012). The culture and

identification procedures are followed following the National Clinical

Laboratory Procedures (Hong et al., 2015). Normal reference ranges of

CSF parameters adhered to the guidelines outlined in the National

Clinical Laboratory Procedures (Hong et al., 2015). In this study,

antigen detection and molecular biological detection methods were

selectively employed in only some of the PM cases that were in serious

status requiring earlier identification of pathogens or patients with

empirical antibiotics therapy failed or patients with negative initial CSF

Gram stains whose CSF and(or) blood cultures at 72 h incubation were

negative (including BinaxNOW for Streptococcus pneumoniae

detection and mNGS).

The interpretation of positive CSF mNGS results followed the

guidelines established by the Expert Consensus on the Use of

Cerebrospinal Fluid Metagenomic next-generation sequencing for

Infectious Diseases of the Central Nervous System (Infectious

Diseases and Cerebrospinal Fluid Cytology Group of the

Neurology Section of the Chinese Medical Association, 2021).
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Identification of S. pneumoniae and
antibiotic susceptibility test

The identification of S. pneumoniae isolates and antibiotic

susceptibility tests were conducted by an automatic bacterial

identification system (VITEK Compact, France) or Optochin

Discs (OXOID, UK) according to the National Guide to Clinical

Laboratory Procedures. Antimicrobial susceptibility results of S.

pneumoniae isolates were interpreted according to the standards of

Clinical and Laboratory Standards Institute (Clinical and

Laboratory Standards Institute, 2021).
Clinical outcomes and relevant definitions

We defined the clinical situation on the discharge day as the

clinical outcome. “Cured” was characterized by relief of clinical

symptoms and signs, negative CSF detect results, and the absence of

cranial imaging complications during hospitalization (Sun, 2002).

“Disease improvement” was considered as relief of clinical

symptoms and signs, negative CSF culture, normalization of

blood inflammatory indicators, approximately normal CSF

leukocyte count, CSF protein and (or) glucose level not returned

to normal level, and no progress in cranial imaging complications

during hospitalization (Sun, 2002). “Unhealed” was defined as no

improvement in clinical symptoms, abnormal CSF test results, and

the presence of neurological complications observed on cranial

imaging. “Death” was defined as a fatality occurring during

hospitalization or within 3 days of discharge from the hospital

after the cessation of treatment. Relapse was defined as the

recurrence of bacterial meningitis caused by the same pathogenic

bacteria after the completion of antimicrobial therapy from the

initial episode (Subspecialty Group of Neurology et al., 2019).

Adverse outcomes included unhealed, relapse, death, being

discharged automatically, abandoned treatment, or being

transferred to other hospitals for further treatment.

Predisposing factors of PM are underlying diseases and conditions

that predispose a person to bacterial meningitis, including

cerebrospinal fluid nasal/otorrhea, head trauma, intracranial or ear

malformation, previous history of bacterial meningitis, perforation of

the tympanic membrane, sacrococcygeal furs and cochlear implants,

organ transplantation, and tumor-related diseases, basic metabolic

disorders, congenital organ malformations, hereditary diseases,

chronic diseases (van de Beek et al., 2016). Extracranial infectious

diseases included pneumonia, mastoiditis, sinusitis, and otitis media

(Infection Group of the Chinese Society of Pediatrics et al., 2018).
Statistical analysis

SPSS 19.0 software (IBM Corporation, Armonk, NY, USA) was

used for statistical analysis. Categorical data were expressed in

frequency and percentage, and the chi-square test and Fisher’s exact
Frontiers in Cellular and Infection Microbiology 04
test were used to analyze the statistical difference. Continuous data were

expressed as median (Q1, Q3) for non-normal distribution and

Kruskal–Wallis H-test was used to analyze the statistical difference,

with the P value set at less than 0.05 with statistical significance.
Results

Baseline clinical characteristics

During Jan 1, 2019, and Dec 31, 2020, 167 children (<15 years

old) with PM were enrolled for screening. 7 cases (4.2%) were

excluded due to hospital-acquired, post-surgical, post-traumatic

meningitis and two episodes for one person. A total of 160 PM

patients met the inclusion criteria, including 105 (65.6%) in 2019 and

55 (34.4%) in 2020. There were 82 cases (51.3%) in East China, 30

cases (18.8%) in Southwest China, 15 cases (9.4%) in North China, 14

cases (8.8%) in Northwest China, 10 cases (6.3%) in Central China, 7

cases (4.4%) in Northeast China and 2 cases (1.3%) in South China.

Among 160 PM children, 103 (64.4%) were males and 57 (35.6%)

were females, with a male-to-female ratio of 1.8:1. The median age at

presentation was 1 year and 3 months, with cases distributed as

follows: 1 case (0.6%) under 28 days old, 5 cases (3.1%) between 28

days and 3 months old, 63 cases (39.4%) between 3 months and 1

year old, 46 cases (28.8%) aged 1 to under 3 years, 28 cases (17.5%)

aged 3 to under 5 years, and 17 cases (10.6%) aged 5 to under 15

years. The median hospitalization time was 23 (17,30) days, and the

hospitalization cost was 42 (28, 62) thousand yuan. In 2020, both the

hospitalization time and cost were significantly lower than those in

2019 (Z=-3.113, -3.469; P=0.002, 0.001) (Table 1). The onset time of

PM formed two peaks, with the highest incidence in November,

December, and January of the subsequent year, followed by another

peak in April, May, and June (Figure 1).
Predisposing factors and extracranial
infectious diseases in PM cases

55 cases (34.4%) had one or more predisposing factors for bacterial

meningitis, including 17 cases (10.6%) of CSF nasal/otorrhea, 13 cases

(8.1%) of cranial trauma, 12 cases (7.5%) of intracranial or ear

malformation, 9 cases (5.6%) of previous history of bacterial

meningitis, 6 cases of leukemia. Of these, 1 case each (0.6%) was

tympanic membrane perforation, sacrococcygeal fur sinus, cochlear

implantation, hemophagocytic syndrome, and post-liver

transplantation. Seven children had more than one predisposing

factor for bacterial meningitis.

113 patients (70.6%) had one or more extracranial infections at the

initial stage of PM, including 81 patients (50.6%) with pneumonia, 29

with mastoiditis (18.1%), 23 with sinusitis (14.4%) and 19 with otitis

media (11.9%). There were no significant differences in the proportion

of predisposing factors of bacterial meningitis and extracranial

infectious diseases among different onset years (c2 = 0.397, 0.095;

P=0.529, 0.758) (Table 1).
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TABLE 1 Comparison of clinical data among PM children in different years [n (%)].

Characteristic 2019 (n=105) 2020 (n=55) c2/Z P value

Demographics

Median age (m)* 14 (7.3, 40.5) 16.3 (7.4, 45.0) 0.381 0.703

Male 70 (66.7) 33 (60.0) 0.699 0.403

Hospitalization time (d)* 24 (1, 100) 20 (0, 63) -3.113 0.002

Hospitalization cost (×104 yuan) 4.7 (0.9, 3.4) 3.3 (0.2, 14.2) -3.469 0.001

Extracranial infectious diseases 75 (71.4) 38 (69.1) 0.095 0.758

Predisposing factors of PM 34 (32.4) 21 (38.2) 0.538 0.463

Symptoms and signs of presentation

Fever 98 (93.3) 49 (89.1) 0.87 0.351

Vomit 42 (40.0) 19 (34.5) 0.455 0.5

Altered mental status 35 (33.3) 12 (21.8) 2.307 0.129

Neck stiffness 28 (26.7) 11 (20.0) 0.87 0.351

Convulsion 21 (20.0) 10 (18.2) 0.076 0.782

Bulging fontanelles 20 (19.0) 9 (16.4) 0.175 0.676

Headache 12 (11.4) 8 (14.5) 0.321 0.571

Critical presentation on admission

Respiratory failure 20 (19.0) 3 (7.9) 5.418 0.020

Coma 17 (16.2) 3 (5.5) 3.804 0.048

Mechanical ventilation 11 (10.5) 2 (3.6) 1.439 0.230

Septic shock 6 (5.7) 1 (1.8) 0.544 0.461

S. pneumoniae detection results

Positive CSF culture 62 (59.0) 33 (60.0) 0.014 0.907

Positive blood culture 41 (39.0) 16 (29.1) 1.56 0.212

Positive culture of CSF and blood 20 (19.0) 5 (9.1) 2.714 0.099

Positive CSF mNGS※ 22 (37.9) 13 (44.8) 0.382 0.536

Positive CSF antigen detection§ 14 (26.4) 7 (28.0) 0.022 0.883

Intracranial Imaging Complications▲

Subdural effusion and (or) empyema 31 (29.5) 12 (21.8) 1.091 0.296

Hydrocephalus 18 (17.1) 6 (10.9) 1.1 0.294

Brain abscess 18 (17.1) 5 (9.1) 1.901 0.168

cerebral hemorrhage 7 (6.7) 1 (1.8) 0.911 0.340

Other cerebrovascular diseases★ 10 (9.5) 3 (5.5) 0.348 0.555

Clinical outcome

Cured 20 (19.0) 16 (29.1) 2.088 0.148

Disease improvement 73 (69.5) 33 (60.0) 1.464 0.226

Adverse outcomes# 12 (11.4) 6 (10.9) 0.01 0.921
F
rontiers in Cellular and Infection Microbiology
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PM, pneumococcal meningitis; CSF, cerebrospinal fluid; mNGS, metagenomic next-generation sequencing; m, month; d, day; *indicators were described as Median (Q1, Q3), and others were
described as “number (%)”; ※87 PM children were tested for mNGS; §78 PM children were tested for S. pneumoniae antigen; ▲Intracranial Imaging Complications, subdural effusion and (or)
pus, hydrocephalus, brain abscess, cerebral hemorrhage, and other cerebrovascular diseases on Magnetic Resonance imaging and (or) CT during hospitalization; ★Other cerebrovascular diseases
included Encephalomalacia in 7 cases and Encephalatrophy and cerebral infarction in 3 cases each, and some children had more than one cerebrovascular disease at the same time; #Adverse
outcomes included 5 cases each of death and unhealed during hospitalization, 6 cases of automatic discharge and abandonment of treatment, and 2 cases of relapse.
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Clinical presentation

The main clinical manifestations of PM children are presented in

(Table 1). Fever (147 cases, 91.9%) was themost common symptom. 33

patients (20.6%) were hospitalized with a critical presentation on

admission, including respiratory failure (23 cases, 14.4%), coma (20

cases, 12.5%), mechanical ventilation (13 cases, 8.1%), and septic shock

(7 cases, 4.3%). PM critical presentations were predominant in the less

than 1-year-old group (21 cases, 63.6%), including 12 cases of coma, 12

cases of mechanical ventilation, and 6 cases of septic shock. Three

(1.9%) children were admitted with multiple organ failure, all of whom

were less than 3 years of age. One child with PM developed a cerebral

hernia and died on the day of admission. The proportion of critical

presentations such as respiratory failure and coma in the 2020 group

was significantly lower than that in the 2019 group (c2 = 5.418,3.804;

P=0.020, 0.048) as shown in (Table 1).
S. pneumoniae testing samples and results

S. pneumoniae detection samples and results are shown in (Table 1).

Of the 35 children with positive CSF mNGS tests, the positive rates of

cerebrospinal fluid cultures and blood cultures were 10.3% (87 PM cases

performed mNGS test.) and 5.7%, respectively; the rate of both blood

and CSF cultures was 1.1%, and the rate of positive results for CSF

mNGS only was 25.3%. Among the 21 children with positive S.

pneumoniae antigen test in CSF, the positive rate of CSF culture and

blood culture was each 10.3% (78 PM cases performed S. pneumoniae

antigen test.), the positive rate of both blood and CSF culture was 3.8%,

and the positive rate of CSF S. pneumoniae antigen test result was

only 6.4%.
Intracranial imaging complications in
PM children

Intracranial complications were identified through cranial

magnetic resonance imaging and (or) cranial CT scans during
Frontiers in Cellular and Infection Microbiology 06
hospitalization in 69 (43.1%) children, of which 17 (25%) had

more than 1 intracranial imaging complication. The common

intracranial complications were subdural effusion and (or)

empyema in 43 cases (26.9%), hydrocephalus in 24 cases (15.0%),

brain abscess in 23 cases (14.4%), cerebral hemorrhage in 8 cases

(5.0%), and other cerebral vascular disorders (including

encephalomalacia, cerebral infarction, and encephalatrophy) in 13

cases (8.1%). Subdural effusion and (or) empyema and

hydrocephalus manifested predominantly in children under the

age of one in 90.7% and 83.3%, respectively, which was shown

in (Table 1).
Adverse outcome

The rates of cured and disease improvement in PM cases were

22.5% and 66.3%, respectively. 18 (11.3%) children had adverse

outcomes, including 5 (3.1%) children who died during

hospitalization (two patients were <1 year old, one patient 2 years

old, and two patients >5 years old) and 4 early deaths (within 1 week

of hospitalization); two children had relapses (one case within 3

weeks and 1 case after 3 weeks, both in 2019); five cases not cured,

and six cases of automatic discharge and (or) abandonment

of treatment.
Laboratory parameters

The initial CSF leukocyte count was documented in 147

(91.9%), the initial glucose concentration of CSF in 156 (97.5%),

and the initial protein concentration of CSF in 152 (95.0%) of the

160 children diagnosed with PM.

The initial leukocyte counts of CSF were normal in two

children, both of whom were younger than 1 year of age (10

months of age and 5 months and 19 d, respectively). CSF cultures

of one child were positive for S. pneumoniae and of one child

were positive for both blood and cerebrospinal fluid S.

pneumoniae cultures. Two cases with normal initial leukocyte

counts in CSF had a decrease in the initial glucose concentration

of CSF (1.1 mmol/L, 1.0 mmol/L, respectively), and an increase

in the initial protein concentration of CSF (3.0 and1.6 g/

L, respectively).

Among the 20 children with an initial CSF glucose

concentration of ≥2.8 mmol/L, 12 (60.0%) exhibited positive CSF

cultures, while three (15.0%) had positive results in both blood and

CSF cultures, as well as in CSF mNGS. Additionally, both CSF

culture and CSF mNGS were positive in 1 case, and only CSF mNGS

was positive in 1 case (5.0%). The initial CSF leukocyte count was

elevated in 20 cases, of which 10 cases were >1000×106/L, 2 cases

were >500∼1000×106/L, 5 cases were 100∼500×106/L, and 3 cases

were <100×106/L; the initial CSF protein concentration was >1000

mg/L in 10 cases, (450∼1000) mg/L in 4 cases, and normal in 6

cases. The initial CSF parameters of the children and pre-discharge

from the hospital are shown in (Table 2).
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Antimicrobial susceptibility analysis
of S. pneumoniae

Among 157 S. pneumoniae strains isolated, only 91,

S. pneumoniae antimicrobial susceptibility data were registered

(84 from CSF, 7 from blood) (Table 3). Seven blood-derived

S. pneumoniae strains were determined for antimicrobial

susceptibility according to the breakpoint of parenteral

administration of meningitis strain. We found that 68

S. pneumoniae isolates underwent penicillin susceptibility testing:

11 (16.2%) with susceptibility and 57 (83.8%) with resistance to

penicillin. The susceptibility rates of S. pneumoniae to levofloxacin,

moxifloxacin, rifampicin, and chloramphenicol were 81.5%, 82.4%,

96.2%, and 91.3%. The susceptibility rates of S. pneumoniae to

cefotaxime, meropenem, and ceftriaxone were 56.1%, 51.1%, and

63.5, respectively. No S. pneumoniae isolates were resistant to

vancomycin, linezolid, or ertapenem. S. pneumoniae were

completely resistant to erythromycin.
Discussion

PM is associated with a high mortality and morbidity rate, along

with significant and serious long-term effects on survivors

(Collaborators. GCoD., 2018; Chen et al., 2011; Mook-Kanamori

et al., 2011). Global Burden of Disease Study in 2017 shows PM

accounts for 40.1% of Bacterial Meningitis in Infants and Children

aged 1-59 months (Wright et al., 2021). World Health Organization

reports that the global mortality rate of PM is 12.2% (Nakamura

et al., 2021). In Europe, the mortality rate of PM is 5.5% to 16%

(Polkowska et al., 2021; Buchholz et al., 2016). The mortality rate of

PM in China is 23.5%-46.2% (Xu et al., 2021). The incidence of
Frontiers in Cellular and Infection Microbiology 07
neurologic long-term sequelae of PM is 25% to 50% (O'Brien et al.,

2009; GBD 2019 Meningitis Antimicrobial Resistance

Collaborators, 2023). Analyzing the clinical epidemiological

characteristics of PM cases can identify and diagnose PM at an

early stage and provide a theoretical basis for the rational use of

antimicrobials in the clinic.

Two multicenter studies on bacterial meningitis in children

conducted in China during 2014-2016 and 2019-2020 (Guo et al.,

2016; Wang et al., 2022) indicated that S. pneumoniae was the

primary causative agent in children older than 3 months,

constituting 46.9% and 46.7% of cases, respectively. This study

revealed that the peak age of onset of PM in children occurs

between 3 months of age and less than 3 years of age, which was

in agreement with the 2012 World Health Organization report

(Publication., 2012). In this study, the incidence of PM formed 2

peaks, and the incidence season was most frequent in November,

December, and January of the following year, followed by April,

May, and June, which was associated with the high incidence of

respiratory infectious diseases in winter and spring, which was

consistent with other reports (Fricke et al., 2021; Fang et al., 2018).

PM typically results from S. pneumoniae and is commonly

associated with bloodstream infections such as bacteremia and

sepsis, or directly involves the meninges through adjacent tissue

infections (Mook-Kanamori et al., 2011; Gil et al., 2022).

Respiratory viral infections such as influenza virus, respiratory

syncytial virus, and adenovirus are high-risk factors for S.

pneumoniae causing bloodstream infections (Ampofo et al., 2008;

Principi et al., 2023). Since the outbreak of novel coronavirus

pneumonia in December 2019 , non-pharmacologica l

interventions such as stay-at-home orders, maintaining social

distancing, online courses for students, mask-wearing, and hand

hygiene have been implemented to mitigate the outbreak of novel

coronavirus pneumonia, which has been effective in preventing the

novel coronavirus pneumonia while reducing the chances of other

respiratory micro-organisms infections in children (Losier et al.,

2023; Chiu et al., 2020),. Additionally, they have objectively

restricted the transfer of complicated and critically ill cases to

higher-level hospitals (Fricke et al., 2021). The study indicates

that PM hospitalizations and hospitalization rates decreased after

the novel coronavirus pneumonia epidemic compared with the pre-

epidemic period. Additionally, the proportion of children admitted

with PM presenting critical symptoms such as respiratory failure

and coma, hospitalization stay, and hospitalization cost were

significantly lower than those observed in 2019.

With widespread vaccination, effective anti-infective measures,

and comprehensive treatment programs, the mortality rates

associated with bacterial meningitis have significantly declined,

showing a 21.0% reduction from 1990 to 2016 (Collaborators.

GCoD., 2018). The most notable aspect of this study is the lower

case fatality rate of PM, which was only 3.1%, significantly lower

than the results of a national multicenter clinical study of PM

conducted from 2013-2017, in which 16.8% of children died (Wang

et al., 2019). The incidence of intracranial complications in this

study was 43.1%, which was lower than the results of the 2013 2017

PM multicenter study (49.6%). The same trend was observed for

systemic complications. Therefore, the reduction in both
TABLE 2 Initial and pre-discharge CSF parameters in PM cases [n (%)].

parameters Initial Pre-discharge

Leukocyte count of CSF (×106/L) 147(91.9)★ 142(88.8)★

>1000 63(39.4) 5(3.5)

Normal∼1000 82(51.3) 111(78.1)

Normala 2(1.3) 26(18.3)

glucose concentration of CSF (mmol/L) 156(97.5)★ 149(93.1)★

<1.1 56(35.0) 0

≥1.1 ~ < 2.2 59(36.9) 18(11.3)

≥ 2.2 ~ < 2.8 21(13.1) 64(40.0)

≥ 2.8 20(12.5) 67(41.9)

Protein concentration of CSF (g/L) 152(95.0)★ 136(85.0)★

>1.5 87(54.4) 20(12.5)

1∼1.5 29(18.1) 14(8.8)

<1.0 36(22.5) 102(63.8)
*Injury of lumbar puncture leads to the inability to extract or contaminate CSF samples.
a non- neonate: <5×106/L; neonate: <20×106/L.
PM, pneumococcal meningitis.
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intracranial complications, and potential systemic complications,

coupled with the implementation of preventive and control

measures taken to reduce the transmission of novel coronaviruses

may be associated with lower PM morbidity and mortality in

this study.

Common predisposing factors for PM include CSF nasal/

otorrhea leakage, cranial trauma, intracranial or ear

malformation, previous history of bacterial meningitis, tympanic

membrane perforation, sacrococcygeal pilonidal sinus and cochlear

implantation, post-transplantation, and tumor-related diseases

(Infection Group of the Chinese Society of Pediatrics et al., 2018).

The proportion of predisposing factors for PM in this study was

34.3%, which is in agreement with the results of previous studies

generally (21.3% to 34.0%) (Hénaff et al., 2017). In this study, there

were two relapses, one within 3 weeks of discharge and one 3 weeks

after discharge; one case of CSF nasal leakage, and one case of

critical condition after relapse without identification of the

underlying etiology. According to the recommendations for the

management of bacterial meningitis, after confirming the diagnosis

of meningitis, it is necessary to verify the presence of predisposing

factors and extracranial infectious diseases in the child

(Subspecialty Group of Neurology et al., 2019).

CSF routine examination and culture are essential in the

diagnostic workup of all children with suspected bacterial

meningitis (Brouwer et al., 2012). Currently, the rate of positive

CSF and(or) sterile body fluid cultures for S. pneumoniae is

relatively low (Prasad and Sahu, 2011). Molecular techniques

(antigen detection, nucleic acid detection, and mNGS) are
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effective in improving the detection of pathogens in bacterial

meningitis (Wilson et al., 2019; Miller et al., 2019). In this study,

the number of S. pneumoniae detected by mNGS and antigen

detection methods was 22 (13.8%) and 8 (5.0%), respectively.

Molecular techniques such as mNGS and antigen detection can

effectively improve the detection rate of pathogens in PM, especially

when bacterial meningitis is highly suspected in clinic but

pathogens are unclear. Pathogenetic diagnosis has always been

the most important in the diagnosis of clinical infectious diseases,

and the shift from traditional culture to molecular biology pathogen

diagnosis requires a shift in thinking on the part of clinicians and

clinical biologists. Therefore, clinicians need to be familiar with new

advances in this field in order to better apply microbiological tests

so that children can receive a definitive pathogenetic diagnosis

earl ier , be treated accurately, and have an improved

disease prognosis.

Drug resistance of S. pneumoniae is a global public health

problem and a serious threat to the health of children (Kim et al.,

2012). S. pneumoniae strains in children with PM in China are

extremely insensitive to penicillin, and the penicillin resistance rate

of S. pneumoniae to penicillin in this group of cases was 83.8%,

which is similar to the penicillin resistance rate of meningitis strains

in a multicenter meningitis study from 2013 to 2017 (80.4%,111/

138 strains) (Wang et al., 2019), suggesting that penicillin can’t be

the first-line medication in the treatment of PM. Meanwhile, the

insensitivity rates of S. pneumoniae isolates to ceftriaxone and

cefotaxime were 36.5% and 43.9%, respectively, which suggested

that S. pneumoniae strains are highly resistant to b-lactam
TABLE 3 The antimicrobial susceptibility test of S. pneumoniae isolated from PM patients. [strain (%)].

Antimicrobial drugs Number of S. pneumoniae Susceptible
not- susceptible

Intermediate Resistant total

Penicillin 68 11 (16.2) NA 57 (83.8) 57 (83.8)

Ceftriaxone 52 33 (63.5) 15 (28.8) 4 (7.7) 19 (36.5)

Cefotaxime 41 23 (56.1) 10 (24.4) 8 (19.5) 18 (43.9)

Meropenem 45 23 (51.1) 14 (31.1) 8 (17.8) 22 (48.9)

Cotrimoxazole 49 21 (42.9) 9 (18.4) 19 (38.7) 25 (57.1)

Levofloxacin 27 22 (81.5) 2 (7.4) 3 (11.1) 5 (18.5)

Chloramphenicol 23 21 (91.3) NA 2 (8.7) 2 (8.7)

Clindamycin 17 1 (1/17) 0(0) 16 (16/17) 16 (16/17)

Tetracycline 21 1 (4.8) 2 (9.5) 18 (85.7) 20 (95.2)

Erythromycin 31 0 (0) 0(0) 31 (100.0) 31 (100.0)

Vancomycin 75 75 (100.0) 0(0) 0(0) 0(0)

Linezolid 56 56 (100.0) 0(0) 0(0) 0(0)

Ofloxacin 31 31 (100.0) 0(0) 0(0) 0(0)

Ertapenem 6 6 (6/6) 0(0) 0(0) 0(0)

Moxifloxacin 17 14 (14/17) 0(0) 3 (3/17) 3 (3/17)

Rifampicin 26 25 (96.2) 0(0) 1 (3.8) 1 (3.8)
PM, pneumococcal meningitis; NA, not applicable
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antimicrobial drugs, which may be related to the wide application of

b-lactam antimicrobial drugs in clinical practice.

This study was a retrospective analysis. According to the

established PM diagnostic criteria, the local data diagnosed as

bacterial meningitis were re-evaluated and summarized to

increase the reliability of the study results. This study also has

some limitations: 1) All cases were from tertiary hospitals, and some

individual critically ill children failed to undergo lumbar puncture

and imaging in each of the collaborating hospitals and could not be

included in the study, which affected the assessment of the

incidence of PM, morbidity and mortality, and imaging

complications. 2) The annual number of cases in each of the

collaborating hospitals is low, especially in 2020 prevention and

control measures taken to mitigate the spread of novel

coronaviruses in 2020, which affected the transfer of complex

cases to higher-level hospitals, and there may have been case

selection bias; 3) Data such as the onset of PM, disease

progression, antibiotic medication, S. pneumoniae serotypes, and

vaccination were not collected and analyzed; 4)PM cases with

complications were not followed up further for long-term

outcomes. These limitations need to be improved in the course of

subsequent continuous monitoring of PM in order to obtain more

complete and accurate monitoring results.
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