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Letter to the Editor 

Is the pathogen spectrum of encephalitis/ 
meningitis changing in China?

We have thoroughly read several recent reports in this journal 
addressing the spectrum of pathogens identified in the cerebrospinal 
fluid of patients with encephalitis or meningitis.1–3 The findings 
presented in these studies offer critical insights into the etiological 
underpinnings of these conditions. In 2020, the World Health Or
ganization (WHO) released the "Defeating Meningitis by 2030" in
itiative. Through the efforts of scientists worldwide, the incidence 
and mortality of meningitis have significantly decreased. Timely 
understanding of the dynamic spectrum of encephalitis/meningitis 
pathogens within one’s country is crucial for epidemic control. 
Considering that the last large-scale study of encephalitis/meningitis 
pathogens in China was conducted from 2009 to 2018,4 we per
formed pathogen detection analysis using targeted next-generation 
sequencing (tNGS) on cerebrospinal fluid samples from 229 patients 
with encephalitis/meningitis from 18 provinces between 2018 and 
2021 (Fig. 1 and Supplementary Table 1).

The detailed methodology can be found in the Supplementary 
Method. In essence, samples were subjected to a five-in-one mix
ture, followed by the utilization of tNGS to detect putative patho
genic reads. Subsequently, qPCR assays were performed on the five 
original samples of tNGS-positive library, and we included the re
sults consistent between the two methods in the outcome. Ulti
mately, at least one pathogen was found positive in 34 samples 
(14.85%) (Supplementary Table 2). Among them, 2 samples tested 
positive for 2 pathogens simultaneously. A total of 23 samples (23/ 
34, 67.65%) tested positive for viruses, with the main viruses de
tected being Enterovirus (EV) and Herpes simplex virus 1 (HSV1) 
(Table 1). 12 samples (12/34, 35.29%) tested positive for bacteria, 
with the detection rates ranking as Streptococcus pneumoniae, Lis
teria monocytogenes, Brucella, Pseudomonas aeruginosa, Escherichia 
coli (Table 1).

There were some differences between the pathogen spectrum of 
meningitis from 2018 to 2021 and the results of previous studies. In 
the study from 2009 to 2018, the detection rates of viruses were EV > 
Japanese encephalitis virus (JEV) > Herpes simplex virus (HSV) > 
Mumps Virus (MuV), and the detection rates of bacteria were 
Neisseria meningitidis > Streptococcus pneumoniae > Staphylococcus 
aureus > Escherichia coli > Streptococcus suis > Haemophilus influenzae 
type b > Mycobacterium tuberculosis.4 Among these, the detection 
rate of EV was the highest in children aged 5–17. Compared to pre
vious studies, HSV1 and EV remained the main sources of virus 
positivity from 2018 to 2021; however, JEV and MuV were not de
tected in this sample. Moreover, recent studies on meningitis cases 
in China sporadically showed positivity for JEV or MuV.5–9 Nine cases 
(9/11, 81.91%) positive for EV were all in children aged 5–17 years 
old. In addition, tNGS determined the types of EV, including Echo
virus 30 (6/11, 54.54%), Echovirus 7 (2/11, 18.18%), Coxsackie B5 (2/11, 
18.18%), Echovirus 18 (2/11, 9.09%). A recent serological study on 
enterovirus-related meningitis patients also indicated Echovirus 30 
as the dominant type.10 The overall positivity rate of bacteria was 
relatively low, and N. meningitidis was not found. However, thanks to 
tNGS technology, some pathogens not included in routine testing 
were revealed, such as Varicella-zoster virus (VZV), Human adeno
virus type 41 (HAdV-41), Herpes simplex virus 2, Epstein-Barr virus 
(EB), Hepatitis B virus (HBV), L. monocytogenes, Brucella, P. aeru
ginosa.

In conclusion, we provided data on the pathogen spectrum of 
encephalitis/meningitis in China from 2018 to 2021. HSV1 and EV 
remained the main positive viruses. However, there are also some 
significant changes compared to previous data, such as the absence 
of JEV, MuV, or N. meningitidis traces in these samples. This phe
nomenon can be attributed to the widespread vaccination against 
such pathogens in recent years, resulting in a significant decrease in 
incidence. This data can provide a reference for clinical testing and 
vaccine development in the global encephalitis/meningitis preven
tion and control process.
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Fig. 1. Overview of sampling information. Dark background blocks indicate that sample collection was performed. The size of the pie chart indicates the number of samples, and 
the color indicates the year information. The map resource is from https://datav.aliyun.com/portal/school/atlas/area_selector (accessed on 12 April 2023), map approval number is 
GS jing(2022)1061.

Table 1 
Positive pathogen -detection results. 

Pathogen Number of Cases (Proportion)

Virus 23
Enterovirus 11 (47.83%)
Herpes simplex virus 1 6 (26.09%)
Varicella-zoster virus 2 (8.70%)
Human adenovirus type 41 2 (8.70%)
Herpes simplex virus 2 1 (4.35%)
Epstein-Barr virus 1 (4.35%)
Hepatitis B virus 1 (4.35%)
Bacterium 12
Streptococcus pneumoniae 4 (33.33%)
Listeria monocytogenes 3 (25.00%)
Brucella 3 (25.00%)
Pseudomonas aeruginosa 1 (8.33%)
Escherichia coli 1 (8.33%)

The total positive counts were larger than the number of positive patients because of 
the coinfection.
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Appendix A. Supporting information

Supplementary data associated with this article can be found in 
the online version at doi:10.1016/j.jinf.2025.106424.
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