
Journal of Infection 79 (2019) 612–625 

Contents lists available at ScienceDirect 

Journal of Infection 

journal homepage: www.elsevier.com/locate/jinf 

Letters to the Editor 

Paediatric enterovirus meningitis without cerebrospinal 

fluid pleocytosis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D  

p  

o  

c  

b  

h

 

E  

e  

e  

t  

d  

r  

i  

c  

i  

c  

p  

c  

v  

I  

r  

f  

T  

o  

p  

m  

r  

a  

t

 

l  

T  

p  

l  

S  

C  

t  

p

 

c  

i  

p  

i  

m

F

Dear editor, we read with interest the article (Multiplex PCR re-

veals high prevalence of enterovirus and HHV6 in acellular paedi-

atric cerebrospinal fluid samples) by Lumley et el. published in this

journal 1 . We would like to share our experience with Enterovirus

meningitis without pleocytosis in paediatrics. 

EV are the most common cause of viral meningitis (VM) in all

ages, and account for 90% of VM in infants 2 . EV meningitis (EVM)

is defined by the presence of CSF pleocytosis and detection of EV

genome in CSF using molecular techniques 3 . Since the introduction

of molecular methods for virus detection in routine, an increase of

EVM incidence has been reported due to higher sensitivity 4 . 

Previous studies reported EVM without CSF pleocytosis, espe-

cially in children, suggesting that CSF pleocytosis should not be a

mandatory criterion for the diagnosis of EVM 

3 . 

This study aimed to investigate the factors associated with EVM

cases without CSF pleocytosis. 

A retrospective study was conducted at the university hospital

of Lille from 1 January 2013 to 31 December 2018. Patients ( < 17

years old) from the different paediatric wards with a clinical sus-

picion of meningitis, and who underwent a CSF analysis including

EV detection by RT-PCR, were included in the study. 

Pleocytosis was defined as an elevation of leukocyte count

in CSF. The age-dependant pleocytosis definition was: leukocytes

> 15/mm 

3 ( < 3 months), > 8 leukocytes/mm 

3 (between 3 months

– 3 years), and > 5 leukocytes/mm 

3 ( > 3 years old). 

Data from a total of 780 paediatric patients were initially col-

lected. EV was detected in CSF for 141 patients (18%). Clinical and

laboratory findings were summarized in Table 1 . Fifty-five patients

(39%) with EVM in our study did not present CSF pleocytosis. The

absence of CSF pleocytosis was more common in younger patients

( Table 2 ). The proportion of patients without CSF pleocytosis was

84% in newborns, and decreased to 59% in patients aged from 1

month to 3 years, and reached 19% in patients older than three

years. Neurological and gastrointestinal signs and symptoms were

less common in patients without CSF pleocytosis. Neither length

of stay in the hospital nor the delay between the onset of clinical

manifestations and lumbar puncture were significantly different.

Fewer antibiotics were prescribed for patients without CSF pleo-

cytosis. Lower blood leukocytes counts and higher CRP level were

noted in patients without CSF pleocytosis. In the multivariate anal-

ysis, the absence of CSF pleocytosis was independently associated

with younger age and higher CRP level ( Table 2 ). 

This study highlights that the absence of CSF pleocytosis during

EVM is common in children (39%). Since the introduction of molec-

ular techniques for virus detection, few reports have described the

lack of CSF pleocytosis in confirmed EVM cases in paediatrics 3 , 5 .
https://doi.org/10.1016/j.jinf.2019.11.006 

0163-4453/© 2019 The British Infection Association. Published by Elsevier Ltd. All rights r
espite the variations in CSF pleocytosis definition and the age of

aediatric populations in those articles, it is obvious that the rate

f detection of EVM cases without pleocytosis has increased in re-

ent years. This increase in the rate of detection can be explained

y the fact that EV detection molecular methods have gained a

igher sensitivity and rapidity. 

The exact mechanism of the absence of CSF pleocytosis in

MV is unknown and remains to be elucidated. However, Seiden

t al. suggested that the absence of CSF pleocytosis is probably

xplained by the immaturity of the immune system and its ability

o create an inflammatory reaction to EV infections in young chil-

ren 

6 . Moreover, Mulford et al. postulated that the late chemokine

esponse, which is required for leukocyte activation at the site of

nfection, has not been well developed in these children 

7 . Clini-

ally, neurological and digestive manifestations were less common

n patients without CSF pleocytosis. This observed association

ould be due to an age-related bias in our study, as 40% of our

atients were younger than two years. However, this finding is still

onsistent with a recent article 5 showed that fever, headache and

omiting were less common in patients with CSF non pleocytosis.

n our findings, 35% of patients in confirmed EVM cases have

eceived antibiotics (in the absence of documented bacterial in-

ection), 18% of those patients presented without CSF pleocytosis.

hese results might be linked to a lack of confidence and comfort

f the clinicians to avoid antibiotic prescription and discharge

atients earlier. Therefore, the benefit of detecting EV by a rapid

olecular method is not limited to the early diagnosis. It enables

apid discontinuation of antibiotics, unnecessary additional tests

nd early discharge from hospital all of which are reassuring for

he patients’ families. 

Lower blood leukocytes and higher CRP level were the major

aboratory findings associated with EVM without CSF pleocytosis.

his result is coherent with a previous study 3 . The inverse pro-

ortional relationship, between blood leukocytes counts and CRP

evel in the patients without CSF pleocytosis, has been studied 

8 .

ato et al. found that the negative correlation between WBCs and

RP might be an early (or initial) stage of infection that starts with

he release of pro-inflammatory cytokines, before blood leukocytes

roduction and penetration of the blood-brain barrier. 

In conclusion, the proportion of EVM cases without CSF pleo-

ytosis is important. This confirms the importance of EV screening

n the suspected cases of meningitis even in the absence of CSF

leocytosis. Hence, rapid detection of EV has a significant clinical

mpact and molecular methods are currently available in routine in

ost of clinical laboratories. 
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Table 1 

General characteristics and laboratory findings of patients with EV meningitis. 

Finding % Patients with EV meningitis (n) ( n = 141) 

Fever 91% (129) 

Neurological Manifestations 60% (84) 

Gastrointestinal Manifestations 59% (83) 

Respiratory Manifestations 20% (29) 

Dermatological Manifestations 14% (20) 

Children received antibiotics 35% (50) 

Length of stay (hours) (median ± IQR) 36 ±51 

Delay between clinical manifestations and lumbar puncture (hours) (median ± IQR) 24 ±36 

Blood Leukocytes /mm3 (median, range) 11 (2-34) 

CRP mg/L (median, range) 7 (3-75) 

CSF Leukocytes/mm3 (median, range) 12 (0–1280) 

IQR: Interquartile range. CRP: C-reactive protein. CSF: cerebrospinal fluid. 

Table 2 

Univariate and multivariate analyses testing clinical and laboratory factors significantly associated with absence of CSF pleocyotsis. 

Finding Univariate analysis & Multivariate analysis && 

EVM without CSF pleocytosis ( n = 55) EVM with CSF pleocytosis ( n = 86) p value # aOR 95% CI 

Age (Month) (mean ± SD) 22 ±33 66 ±49 < 0.0 0 01 ∗ 0.980 ∗∗ 0.962 – 0.998 

Neurological manifestations 31% 80% < 0.0 0 01 ∗ – –

Digestive manifestations 44% 71% < 0.001 ∗ – –

Antibiotics prescription 25% 42% 0.0406 ∗ – - 

Blood leukocytes /mm 

3 (mean ± SD) 10 ±5 12 ±4.7 0.022 ∗ – –

CRP mg/L (mean ± SD) 15 ±16 10 ±9.4 0.019 ∗ 1.045 ∗∗ 1.007- 1.083 

CSF leukocytes /mm 

3 (mean) 3 123 < 0.0 0 01 ∗ – –

SD: Standard deviation. aOR: adjusted odds ratio. CI: confidence interval. CRP: C-reactive protein. CSF: cerebrospinal fluid. 
# The alpha criterion for p-value was set to 0.05. 
∗ Significant in univariate analysis. 
∗∗ Significant in multivariate analysis. 
& Chi-square test and t -test were used for univariate analysis. 
&& Multiple logistic regression was used for multivariate analysis using the factors significantly associated with the absence of CSF pleocytosis in univariate analysis. 
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accurate diagnostic testing of influenza in hospitalised patients at

the bedside. 2 The additional component of this influenza puzzle is

the role and impact of antiviral therapy. 

Each year Public Health England (PHE) updates its seasonal

influenza guidance, which usually includes a recommendation to

consider the use of zanamivir instead of oseltamivir in the im-

munocompromised. This is particularly important when influenza

A(H1N1)pdm09 is circulating, due to its lower threshold for devel-

oping the neuraminidase (NA) H275Y oseltamivir drug resistance

mutation. 3 The influenza season in Leicester, UK tends to start

late in the year, around November-December, peaking in January-

February, and ending in March-April. 4 

During the 2018–2019 influenza season, which was dominated

by influenza A(H1N1)pdm09, we were informed by PHE Colindale

(the UK influenza reference laboratory) of three cases of H275Y-

associated oseltamivir drug resistant influenza A(H1N1)pdm09

viruses present in clinical samples that were obtained in Nov 2018

(Case 1), Jan 2019 (Case 2) and Feb 2019 (Case 3). Each of these

cases differed in their duration of oseltamivir treatment and clini-

cal background: 

Case 1: was a 39-year old woman with a history of mild

asthma, who presented to the emergency department with a 4-

day history of coryzal symptoms. She lived with an 18-year old

daughter and a 13-month old toddler, who had just started attend-

ing nursery. None of these children had been tested nor treated for

influenza, though the toddler had been seen by the GP four days

earlier and been prescribed some antibiotics for acute otitis media.

Sequencing of the influenza A(H1N1)pdm09 virus obtained from a

throat swab from case 1 showed 100% H275Y viral population by

whole genome sequencing (WGS) using next generation methods

(CASE1_A/ENG/620/2018_2018-11-14) (Fig. S1). She had not been

treated with oseltamivir before the sample was taken, suggesting

a possible case of either transmitted H275Y drug resistance or a

spontaneous H275Y mutation. She was admitted to the respiratory

ward then discharged the next day on clarithromycin 500 mg BD

PO and oseltamivir 5 days 75 mg BD PO, as it was unknown at that

time that her influenza virus was oseltamivir resistant. 

Case 2: was a 15-month old girl with Nager syndrome (a

rare condition affecting the development of the face, hands, arms,

typically resulting in various degrees of malar hypoplasia and

micrognathia, but is not known to be immunocompromising).

She had been admitted to paediatric intensive care (PICU), af-

ter being transferred from another local hospital, where she had

already had 5 days of oseltamivir treatment for laboratory-

confirmed influenza A(H1N1)pdm09 infection. She was still posi-

tive for influenza in a nasopharyngeal aspirate (NPA – later sent

for sequencing: C ASE2_A/ENG/22/2019_2019-01-05) (Fig. S1) after

transfer, 6 days after onset of her influenza infection, and there-

fore received another 10 days of oseltamivir treatment on our

PICU. As there was little clinical improvement in her condition,

and the influenza A(H1N1)pdm09 infection was persisting, a rec-

ommendation was made to switch to intravenous zanamivir, em-

pirically (i.e. before the viral sequencing results were available

from PHE), but unfortunately, this child died soon after on PICU

due to respiratory complications related to her influenza infec-

tion and concomitant secondary bacterial pneumonia. She had

two samples (taken 5–6 days after starting oseltamivir) that were

sequenced by PHE, which showed an increasing population of

drug-resistant (H275Y positive) viruses from 35% to 80% on two

consecutive days using WGS): (CASE2_A/ENG/22/2019_2019-01-05;

CASE2_A/ENG/70/2019_2019-01-06) (Fig. S1). 

Case 3: was a 7-week old infant boy admitted with fever (up

to 38.6 °C), poor feeding and mottled skin with signs of periph-

eral shut-down. His-mother was also suffering from a febrile ill-

ness which was causing her nausea and vomiting, but she was not
ested or treated for influenza infection. He was admitted to the

aediatric ward for observation and to re-establish feeding, and

tarted on a 5-day empirical course of intravenous antibiotics and

seltamivir. After 4 days, influenza A(H1N1)pdm09 infection was

onfirmed on an NPA, but as he was now clinically well, he was

ischarged home to finish his antiviral treatment. Follow-up viral

equencing at the PHE laboratory demonstrated a 44% H275Y viral

opulation (CASE3_A/ENG/288/2019_2019-02-18) (Fig. S1). 

A phylogenetic analysis of these H275Y-containing NA gene

equences and those from other circulating strains published in

SAID ( https://www.gisaid.org/ ) showed that these three reported

ases are not clustered closely together, suggesting that they are

ndependent cases (Fig. S1). Note that this tree was constructed

ithout the H275Y codon, so there is no impact of this drug re-

istance mutation on the tree topology. 

Based on Fig. S1, Case 1 ′ s virus is most closely related to

imilar viruses from the USA (2018–2019) and Australia (2018),

one of which contained the H275Y mutation. Case 2 ′ s virus is

rouped most closely with European viruses (Spain 2019, Sweden

019, France 2018), and slightly more distantly, with viruses from

ngland (2019), of which one (A/England/81/2019; from Manch-

ster) also contained the H275Y mutation. However, these viruses

ay not have been epidemiologically related. Case 3 ′ s virus is

rouped with a large cluster including mostly 2019 A(H1N1)pdm09

iruses from the USA, Europe, Asia, where many of these viruses

ranch off the same trunk, so no unique common ancestor is

asily determined. Several of these viruses contain the H275Y

utation, including some from the USA and one from England

A/England/2/2019; from London). However, again, these may not

ecessarily be related epidemiologically. 

This case series re-emphasises several important aspects of

he PHE guidance in a real-life hospital setting: (i) that the os-

ltamivir H275Y drug resistance-associated mutation (DRM) in in-

uenza A(H1N1)pdm09 subtype viruses can be present with the

otential to be transmitted, relatively early on in the season; (ii)

hat the oseltamivir H275Y DRM can appear during both the stan-

ard 5-day and prolonged 10-day treatment course; (iii) that ear-

ier, more rapid (e.g. on-site) viral sequencing and identification of

he H275Y DRM (e.g. by specific PCR detection of this mutation in

linical samples) has the potential to impact on clinical manage-

ent in real-time, e.g. allowing an earlier switch to zanamivir as

n alternative antiviral treatment for influenza. 3 
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ear Editor , 

Recent correspondence in this Journal has highlighted the cur-

ent threat posed by recently-emerging imported Zika virus (ZIKV)

n China. 1 ZIKV is a mosquito-borne virus of the family Flaviviri-

ae , genus flavivirus , which is primarily transmitted to humans

y the bite of infected mosquitoes—Aedes aegypti and Ae. albopic-

us . 2 In addition, ZIKV is also transmitted efficiently via non-

ector-borne routes, including sexual transmission, transfusion,

aterno–fetal, and contact with infected body fluids. 3 The com-

on clinical presentations of ZIKV infection are fever, headache,

kin rashes, conjunctivitis and arthralgia. Most noteworthy, ZIKV

an cause fetal microcephaly, miscarriage and life-threatening

uillain-Barré Syndrome in adults. Thus, ZIKV infection is a major

lobal health concern. 4 

Since the first report of ZIKV outbreak on the Yap Island in

007, ZIKV has rapidly spread to more than 50 countries and ter-

itories in Africa, Americas, Asia and the Pacific. 5 In china, the first

ase of imported ZIKV infection was found in Yunnan in 2014. 1 

ubsequently, several sporadic cases of nonindigenous ZIKV infec-

ion have been described. 6 Here, we summarize the virological

haracteristics of a case of imported ZIKV infection detected in

unnan, China, 2019. 

In June 2019, a 29-year-old male returning from Myanmar to

unming had fever (37.7 °C), headache, and maculopapular rash,

nd recovered in a week. ZIKV infection was diagnosed using

pecific real-time reverse transcription-PCR. The study was ap-

roved by the Kunming University of Science and Technology

thics Committee. The participant supplied written informed con-
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onindigenous case of Asian Zika virus lineage 

n Yunnan, China, 2019 
ent for specimen collection and subsequent analyses. The com-

lete genome sequences isolated from plasma sample were suc-

essfully amplified and sequenced with 13 overlapping fragments,

nd then the sequence obtained was deposited in GenBank under

ccession no. MN611472. 

The virus was designated YNZIKV02 and its full-length genomes

ossessed 10,807 nucleotides in length. The 5 ′ and 3 ′ noncoding

egion (NCR) sequences were 107 and 428 nt long, respectively.

he ORF encodes a polyprotein with three structural proteins, cap-

id (315 nt or 105 aa), premembrane/membrane (561 nt or 187 aa),

nd envelope (1515 nt or 505 aa), and seven nonstructural proteins,

S1 (1056 nt or 352 aa), NS2A (651 nt or 217 aa), NS2B (417 nt or

39 aa), NS3 (1857 nt or 619 aa), NS4A (381 nt or 127 aa), NS4B

765 nt or 255 aa), and NS5 (2712 nt or 904 aa). 

Compared with the nucleotide sequences of the available from

he NCBI database, YNZIKV02 virus shared the highest 99.21%

ucleotide identity with the Asian lineage strain PF13/251013-18

eported previously in French Polynesia, 2013. Further, Bayesian

aximum clade credibility (MCC) tree was reconstructed through

EAST version 1.7.5 under the uncorrelated log-normal relaxed

lock model with the GTR + I + G nucleotide substitution model

ased on the complete polyprotein-coding sequences. Bayesian

hylogenetic analysis revealed that two clades were observed for

sian lineage, showing significant posterior probabilities of 1.0, re-

pectively. Clade 1 exhibited a single geographic origin of Malaysia,

hereas clade 2 presented a substantial mixture of geographic ori-

ins, and clade 2 included sequences from Micronesia, Cambodia,

hilippines, China, Thailand, French, Brazil, and so on. YNZIKV02

as classified as clade 2 of Asian lineage. 

To further investigate the time of emergence of the Asian lin-

age, we performed bayesian molecular clock analyses using the

omplete polyprotein-coding sequences to estimate the time to the

ost recent common ancestor (tMRCA). As shown in Fig. 1 (A), the

stimated tMRCAs for the clade 1 and clade 2 were 1964.8 [95%

ighest probability density (HPD): 1963.1, 1968.0] and 1993.7 95%

PD: (1983.6, 2006.9), respectively. In addition, Fig. 1 (B) illustrates

he demographic history of clade 2 using Bayesian skyline plot

nalysis; the effective population size decreased slowly from 2002

o 2012 and then had a fast exponential growth from 2012 to 2015,

ollowed by a stable population size. 

To further evaluate pandemic risk, some specific amino acid

utations in the YNZIKV02 viral proteins are shown in Fig. 1 (C).

otably, the strain YNZIKV02 possessed 188V in NS1, which con-

ributes to increase the secretion of NS1 into the circulatory sys-

em, enhance the uptake of viruses by mosquitoes and also result

n increased interferon inhibition by NS1. 7–9 Based on three spe-

ific amino acid patterns at the positions 17 in prM protein, 188 in

S1 protein, and 114 in NS5 protein, the strains of the Asian lin-

age can be mainly classified into four genotypes, including SAM,

VM, NVM and VVM. 7 YNZIKV02 belongs to the SVM strain, which

irculated in Southeast Asia and was imported into the Pacific be-

ore the French Polynesian outbreak, 9 indicating a typical South-

ast Asian epidemic genotype. 

In summary, we characterized an imported case of Zika virus

YNZIKV02) in Yunnan, China who was returning to China from

yanmar and the strain YNZIKV02 was classed in SVM genotype

f Asian lineage. Of note, this isolate harbored the mutation NS1-

88V, which can enhance the host interferon-inducing effect of

IKV escape, and may increase its popularity and potential hu-

an disease. To our knowledge, the strain YNZIKV02 is the second

mported case of Asian Zika virus lineage in Yunnan, China. This

resent study highlights the urgent need for continuous molecu-

ar screening and epidemic surveillance for ZIKV and its vectors to

revent future outbreaks of ZIKV infection among the human pop-

lation of Yunnan. 
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Fig. 1. The analyses of Zika virus maximum clade credibility (MCC) trees, Bayesian skyline plot estimated the past population dynamics, and several specific amino acid 

mutations. (A) Temporal MCC tree of the complete ZIKV coding region sequences obtained from positive plasma sample was constructed based on the uncorrelated log- 

normal relaxed clock model with the GTR + I + G nucleotide substitution mode. The genotypes of ZIKV were divided into African lineage and Asian lineage. The numbers on 

the branches represent the posterior probability values. (B) Bayesian skyline plot estimated the past population dynamics of clade-2 of Asian lineage. The y -axis represents 

the estimates of the effective number of Asian lineage strains and the x -axis represents time. The solid line represents the median estimate and the shaded area represents 

the 95% confidence intervals. (C) The sequence characteristics of key amino acid residue changes in Zika virus protein. C, capsid; prM, premembrane; NS, nonstructural 

protein. 
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ear Editor , 

With great interest we read the article by Butler-Laporte et al., 1 

nd here we reported the emergence and spread of pvl -positive

enotypic CA-MRSA ST59 with increased adhesion capacity from

ounds in hospitals. Methicillin-resistant Staphylococcus aureus 

MRSA) has been a major pathogen causing skin and soft tissue in-

ections (SSTIs) and invasive infections in both healthcare and com-

unity settings. 1 , 2 Epidemiological classification and genotypic

efinition contribute to the understanding of healthcare-associated

RSA (HA-MRSA) and community-associated MRSA (CA-MRSA). 3 

With the dynamic exchange CA-MRSA strains have invaded and

pread in hospital settings. 4 , 5 Molecular epidemiology revealed

hat different genotypes of CA-MRSA had been isolated from hos-

itals in various parts in the world. 2 For instance, CA-MRSA ST59

as a representative one in China, and this clone usually con-
9. Liu Y. , Liu J.Y. , Du S.Y. , Shan C. , Nie K.X. , Zhang R.D. , et al. Evolutionary
enhancement of Zika virus infectivity in Aedes aegypti mosquitoes. Nature

2017; 545 (7655):482 . 
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mergence and spread of pvl -positive genotypic CA-MRSA 

T59 with increased adhesion capacity from wounds in 

ospitals 
ained many virulence factors, especially the Panton-Valentine leu-

ocidin (PVL). 6 Therefore, it is of great significance to acquire a

etter understanding of the factors or mechanism underlying CA-

RSA circulating in hospitals. 7 In present study, Panton-Valentine

eukocidin-positive CA-MRSA ST59 with increased capacity of ad-

esion was found circulating among inpatients with wound infec-

ions. 

In present study, clinical isolates were collected and molecu-

ar characterization including multi-locus sequence typing (MLST),

CC mec typing and spa typing were performed as previously re-

orted. 4 Genotypic CA-MRSA strains were defined as those carry-

ng SCC mec IV/ V, 4 , 5 and the presence of pvl gene was detected

y PCR. Cell adhesion assay was performed using HaCaT cell line.

riefly, approximatel y 1 × 10 4 cells (100 μl) of the HaCaT cell sus-

ension were seeded onto a coverslip placed in a 24-well plate;

fter incubating bacteria with HaCaT cell at 37 °C with 5% CO2 for

 h, each well was washed with PBS and then fixed within 95%

thanol for one hour and the coverslip was taken out for Gram

taining. Statistical analysis was conducted by SAS 8.2 (SAS Insti-

ute Inc., Cary, NC, USA). 

In a retrospective study of 85 clinical S. aureus isolates from

urn wounds, one pvl -positive isolate of CA-MRSA characterized

T338-SCC mec Ⅴ -t437 was found as previously reported. 8 This war-

ants the emergence of CA-MRSA strains in hospitalized patients

ith wound infections. Then we further performed a prospective

tudy in eight hospitals (discovery cohort), which included a to-

al of 208 MRSA strains from inpatients with wound infection,

nd data of molecular epidemiology revealed the spread of pvl -

ositive CA-MRSA clone sharing the genotype ST59-SCC mec Ⅳ -t441

mong inpatients in multiple hospitals in spite of the fact that

T239-SCC mec Ⅲ -t030/t037 was the predominant clone circulating

n healthcare-associated settings in China ( Fig. 1 A). This provides

he molecular evidence of invasion and transmission of pvl -positive

A-MRSA strains into hospital settings and proves the co-existence

f CA-MRSA and HA-MRSA in healthcare-associated settings. Next,

y targeting pvl -positive CA-MRSA strains we analyzed a new co-

ort of MRSA strains from another tertiary hospital (validation co-

ort), molecular characterization verified the emergence and in-

asion of CA-MRSA strains and the transmission of pvl -positive

A-MRSA clone, especially the epidemic ST59 CA-MRSA clone

 Fig. 1 B). 

Then we sought to find the reason why ST59 CA-MRSA clone

ould become prevalent among wound infections. By comparing

he strain ST59-SCC mec Ⅳ -t441 with other CA-MRSA strains on

rowth parameter and antimicrobial resistance, no significant dif-

erence was found to facilitate the reproduction and survival of

his epidemic clone (data not shown). Adhesion is the key to

nfection and transmission, 9 and cell adhesion assay was per-

ormed by co-culturing S. aureus isolates and HaCaT cell line. Mi-

roscopic examination revealed that pvl -positive CA-MRSA ST59

howed increased adhesion to epithelial cells ( Fig. 2 A–H). As

hown in Fig. 2 , increased numbers of bacteria were observed

n pvl -positive CA-MRSA group. Moreover, the total number of

acteria adhered on epithelial cells by ten visual fileds with

0 0 0 × oil immersion objective was counted, and average bac-

eria number of per cell was calculated ( Fig. 2 I–K). The data

roved the increased capacity of adhesion in epidemic pvl -positive

A-MRSA compared to pvl -negative CA-MRSA and HA-MRSA

trains. 

It has been reported that ST59-SCC mec IV/V was the major CA-

RSA clone in China. As predicted by a model from Kouyos et

l., 10 CA-MRSA strains would co-exist with HA-MRSA in hospitals.

n present study, we found that CA-MRSA strains has invaded into

ealthcare-associated settings, and molecular characterization re- 

ealed that these strains shared the genotype ST59-SCC mec IV/V,

hich was the prevalent clone. Moreover, we observed the
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Fig. 1. pvl -positive CA-MRSA epidemic among inpatients with wound infections. 

Fig. 2. Increased capacity of adhesion in epidemic pvl -positive CA-MRSA . A . Cell adhesion of pvl -positive CA-MRSA to HaCaT cell line (400 ×). B. Enlarged part of fig. A, 

more bacteria seen clearly. C. Cell adhesion of pvl -negative CA-MRSA to HaCaT cell line (400 ×). D. Cell adhesion assay negative control, HaCaT cell line only (400 ×). E. 

Cell adhesion of pvl -positive CA-MRSA to HaCaT cell line (oil field). F. Cell adhesion of pvl -negative CA-MRSA to HaCaT cell line (oil field). G. Cell adhesion of pvl -negative 

HA-MRSA to HaCaT cell line (oil field). H. Cell adhesion assay negative control, HaCaT cell line only (oil field). I. No. of S. aureus adherent to HaCaT cell line were counted on 

10 oil fields on two independent occasions; more pvl -positive CA-MRSA adherent to HaCaT cell line was found. J. and K. Average No. of S. aureus adhered per HaCaT cell was 

calculated and compared. ∗ indicated p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001, ∗∗∗∗ p < 0.0 0 01, n.s. no significance. 
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C  
vl -positive ST59 clone circulated in the population with wound

nfections in 3 out of 8 hospitals in discovery cohort, and veri-

ed in another hospital which was a famous center for burns and

rauma orthopedic and reconstruction in validation cohort. 

Molecular epidemiology implied the pvl -postive CA-MRSA ST59

lone may have the potential of circulating in hospitals, but the

actors supporting the spread of the strain remain unknown. Then

e focused on the adhesion of CA-MRSA strains to epithelial cells.

y cell adhesion assay, we found that pvl -positive ST59 clone has

n advantage in adhesion over other types of MRSA including

A-MRSA and pvl -negative CA-MRSA, which may account for the

ransmission of pvl -positive ST59 clone on wound infections. These

ata contribute to understanding the microbiologic basis of CA-

RSA epidemic among wound infections. 
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ear Editor , 

The high level of genetic variation along with highly recom-

inogenic reverse transcriptase enzyme of HIV-1 contribute to the

mergence of increasing number of circulating recombinant forms

CRFs). Up to date,101 CRFs have been assigned and published with

ublic sequence data, which is available on the Los Alamos HIV

equence Database ( www.hiv.lanl.gov ). Most CRFs were found in

eterosexual or drug users in the past. Recent correspondence in

his Journal has reported on a novel HIV-1 circulation recombinant

orm (CRF100_01C) comprising CRF01_AE and C among heterosex-

al in Yunnan, China. 1 CRF01_AE participated in the recombina-

ion soon after it became one of the major HIV epidemic strains

n China. 2 CRF07_BC was introduced into men who have sex with

en (MSM) population in China at the beginning of the 21st cen-

ury. 3 Less than 20 years after CRF07_BC entered China, the sec-

nd generation CRF (CRF102_0107) was found in MSM in China.

uring that time several CRFs and URFs comprising CRF01_AE and

RF07_BC lineages were coming out among MSM in Beijing, Jilin,

ichuan, Guangxi, Zhejiang, and Inner Mongolia, China. 3–7 The high

requency of second generation recombination may be due to the

igher risk behaviors in MSM, such as unprotected anal inter-

ourse, multiple sexual partners, low rates of condom use and

ome other factors. 

In this study, we defined a novel second-generation CRF

CRF102_0107) containing 10 segments from subtypes B, C and

RF01_AE. To analyze its evolutionary history, three epidemiolog-
10. Kouyos R. , Klein E. , Grenfell B . Hospital-community interactions foster coex-
istence between methicillin-resistant strains of Staphylococcus aureus. PLoS

Pathog 2013; 9 (2):e1003134 . 
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Table 1 

Demographic characteristics of study subjects infected with CRF102_0107. 

Strain name Sampling year Sampling region Gender Age Ethnic group Marriage Risk factor Accession no. 

FY058 2017 Fuyang, Anhui Male 40 Han divorced MSM MN178644 

FY336 2018 Fuyang, Anhui Male 28 Han married MSM MN178645 

FY405 2018 Fuyang, Anhui Male 36 Han divorced MSM MN178646 

CRF, circulating recombinant form; MSM, men who have sex with men. 
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a  
ically unlinked HIV-1 positive plasma samples named FY058,FY336

and FY405 were collected from the MSM population in Fuyang, An-

hui province. All three participants signed informed consent forms

before investigation and peripheral blood collection. The clinical

and demographic information are summarized in Table 1 . 

The near full-length genome (NFLG) of HIV strains were ampli-

fied and sequenced. Finally, the NFLG of FY058 and the NFLG of

FY336 were successfully amplified. The NFLG of FY058 and FY336

were 8957 bp (HXB2, 623-9,564) and 8,999 bp (HXB2, 608-9,589)
Fig. 1. Phylogenetic and recombinant analyses based on near full-length HIV-1 genome s

sequences (2253-3314 nt) of FY405 collected from this study were further aligned with 3

btf@lanl.gov), two or more reference strains of each HIV-1 subtype (A1, A2, B, C, D, F1, F2,

tree was constructed by the neighbor-joining method based on Kimura 2-parameter mo

v1.4.4 software. The sequences of CRF102_0107 were marked with ‘‘ ●’’. (B) Recombinatio

CRF07_BC and CRF102_0107.All these maps were generated using jumping profile hidden 

CRF, circulating recombinant form; NFLG, near full-length genome. 
n size, respectively. This two NFLG sequences were submitted to

he Basic Local Alignment Search Tool (Blast) for searching for

ore similar sequences, but no high similarity sequences( > 95%)

ere found. Due to the unsuccessful NFLG amplification of FY405,

nly a partial sequence of its pol region (HXB2, 2253-3,314) was

btained. Considering that more partial genome sequences were

ubmitted to the Los Alamos database than NFLG sequences, The

ol region sequences of FY405 was used for more blast analysis,

nd the result showed that no sequences with high similarity
equences. (A) Two NFLG sequences (FY058 and FY336) together with the partial pol 

4 reference sequences which were provided by Foley, Brian Thomas(HIV Databases 

 G, H, J, and K), CRF01_AE, CRF07_BC and outgroup O were included. A phylogenetic 

del with 10 0 0 bootstrap replicates in MEGA6 software and embellished in Figtree 

n breakpoint analysis of CRF102_0107. (C) Comparison of genomic maps between 

Markov model (jpHMM). 
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Fig. 2. The analyses of CRF102_0107 subregion trees and maximum clade credibility (MCC) trees. (A) The segment Ⅰ (HXB2: 790-2613 nt) of the CRF102_0107 genome 

map is one of the representative of CRF01_AE segments inserted into the mosaic structure. The segment Ⅱ (HXB2: 2613-3843 nt) of the CRF102_0107 genome map is the 

representative of CRF07_BC segments inserted into the mosaic structure. The segment Ⅲ (HXB2: 4164-6211 nt) of the CRF102_0107 genome map is another representative 

of CRF07_BC segments inserted into the mosaic structure. The segment Ⅳ (HXB2: 6489-8260 nt) of the CRF102_0107 genome map is another representative of CRF01_AE 

segments inserted into the mosaic structure. The sequences of CRF102_0107 were marked with “●”. The methods were described in Fig. 1 and based on the recombinant 

breakpoints which according to the jpHMM result. (B) MCC trees for the segments ( Ⅰ Ⅱ Ⅲ Ⅳ )are shown. Timescale is shown at the bottom of the tree. The mean tMRCA and 

95% highest probability density (HPD) for the key nodes are indicated. CRF102_0107 strains are highlighted in yellow (CRF01_AE) or brown(CRF07_BC). 
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 > 95%) were found. Two NFLG sequences (FY058 and FY336)

ogether with the pol sequences of FY405 were further aligned

ith 34 reference sequences which were provided by Foley, Brian

homas (HIV Databases, btf@lanl.gov) including two or more HIV-1

eference strains of each subtype (A1, A2, B, C, D, F1, F2, G, H, J,

nd K), CRF01_AE, CRF07_BC and outgroup O. This alignment was

hen manually edited using BioEdit v7.2.5 software. A phylogenetic

ree was constructed by the neighbor-joining method based on

imura 2-parameter model with 10 0 0 bootstrap replicates in

EGA6 software and embellished in FigTree v1.4.4 software. For

he purpose of recombination analysis, the jumping profile hidden

arkov model (jpHMM) ( http://jphmm.gobics.de/submission _ hiv )

as applied. Subsequently, a subregion neighbor-joining tree was

onstructed to determine the origin cluster of 4 main segments (I

 Ⅲ Ⅳ ) from CRF01_AE and CRF07_BC according to the jpHMM

esult. Finally, to better understand the time of the most re-

ent common ancestor (tMRCA) of CRF102_0107, the bayesian

olecular clock analyses was performed in BEAST v1.7.5. 
The phylogenetic tree showed that the three sequences from

pidemiologically unlinked patients formed a distinct mono-

hyletic cluster distinctly related to all known HIV-1 subtypes/CRFs

ith a high bootstrap value of 100% ( Fig. 1 A). As shown in the

ecombination analysis result ( Fig. 1 B), the two NFLG sequences

ere composed of CRF01_AE and subtypes B and C. And the pol

artial sequence of FY405 shared same breakpoints with FY058

nd FY336. Subtype B and C segments of CRF102_0107 were fur-

her submitted for BLAST, the results showed highest similarity to

 > 95%) CRF07_BC strains. The comparison of genomic maps be-

ween CRF07_BC and CRF102_0107 also showed that the BC seg-

ents of CRF102_0107 were highly coincidences with CRF07_BC

 Fig. 1 C). 

Subregion phylogenetic analyses of 4 genomic segments I (790-

,613 nt), Ⅱ (2,613-3,843 nt), Ⅲ (4,164-6,211 nt), Ⅳ (6,489-8,260 nt) 

ere further conducted to explore their likely parental lineages.

he high bootstrap values in phylogenetic tree supported close

elationship with CRF01_AE or CRF07_BC subtype references

http://jphmm.gobics.de/submission_hiv


622 Letters / Journal of Infection 79 (2019) 612–625 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A

 

F  

g

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

respectively. Subregion phylogenetic analyses indicated that the

segment I and segment Ⅳ of CRF102_0107 belonged to the

CRF01_AE cluster 5, which is mainly circulating among the MSM

population in China ( Fig. 2 A). 8 The segment Ⅱ and segment Ⅲ
of CRF102_0107 were clustered with the CRF07_BC cluster, which

was also identified among MSM ( Fig. 2 A). 3 The segments (I Ⅱ Ⅲ
Ⅳ ) of CRF102_0107 are closely related to the clusters associated

with MSM according to the subregional analysis, suggesting that

CRF102_0107 may be predominantly prevalent in the MSM. 

The Bayesian analysis shows that the (tMRCA) of the segment

I and the segment Ⅲ from CRF102_0107 were predicted in 2010.9

[95% highest probability density (HPD): 2008.2, 2013.6] and 2011.4

[95% HPD: (2008.6,2013.8)], respectively ( Fig. 2 B). The (tMRCA) of

the segment II and the segment IV from CRF102_0107 were pre-

dicted in 2008.2 [95% HPD: (2001.5,2012.8)] and 2007.1 [95%high-

est probability density (HPD): 2003.4, 2010.6], respectively( Fig. 2 B).

The segments Ⅰ and Ⅲ originated around 2010.9–2011.4. The seg-

ments Ⅱ and Ⅳ originated around 20 07.1-20 08.2. Hence, it is spec-

ulated that the CRF102_0107 had been occurred a recombination in

two time periods, respectively. 

HIV-1 had been increasing rapidly among MSM in China, with

the transmission rate of male homosexuality rising from 2.5% in

2006 to 28.0% in 2016 among new cases diagnosed annually. In

addition to the rapid spread among MSM, HIV had recently in-

creased in diversity. Several co-circulating subtypes were found

in the MSM population, including CRF01_AE and CRF07_BC. 3 , 4 , 9 , 10 

The prevalence of two or more subtypes in the same population

always indicates the emergence of new recombinant strains. The

high probability of high-risk sexual behaviors in MSM infected

population and other factors, such as unstable sexual partners,

higher prevalence rate and genetic diversity in MSM population,

which were more possible to occur the recombination and second-

generation recombination of HIV-1. 3 In the past studies, multi-

ple CRFs had been reported in MSM population in China. With

the rapid spread of CRF07_BC in MSM in China, CRF01_AE and

CRF07_BC have become two dominant subtypes among MSM. It is

predictable that more and more new second-generation CRFs com-

posed of CRF01_AE and CRF07_BC will be defined in the future. 

In summary, a novel HIV-1 circulating recombinant form

CRF102_0107 whose genome consists of CRF01_AE and CRF07_BC

with 9 breakpoints and 10 segments was defined, which has

more complex recombinant form than others. The emergence of

CRF102_0107 indicates that CRF01_AE and CRF07_BC have been

transmitted to individuals with similar social behaviors. The com-

plex social behaviors of MSM infected population will further com-

plicate the molecular epidemic of HIV-1 in China. In recent years,

some CRFs and URFs between CRF01_AE and CRF07_BC had ap-

peared successively in MSM in China. We can predict that there

will be more second-generation CRFs containing CRF01_AE and

CRF07_BC in the future. 
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ear Editor, 

Recently, the population structure of invasive Neisseria menin-

itidis (Nm) was assessed after the use of MenACWY among ado-

escents was recommended since 2005 in the United States. 1 The

esults show that some CCs such as CC11, CC23 and CC32 clus-

ered more closely to isolates collected from the same continent,

xhibiting regional associations. In the United States and Europe,
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he molecular characteristics of Neisseria meningitidis 

erogroup Y clonal complex 23 first emerge in China 
ig. 1. Phylogenies of lineages of Neisseria meningitidis Serogroup Y strains by wgSNPs an

C23 cluster and closest to a United Kingdom strain, which was isolated from healthy peo

etA alleles of these strains were 10-1 and F4–1, respectively. 
he N. meningitidis serogroup Y clonal complex 23 (CC23) was

esponsible for the increasing meningococcal disease since the

990s. 2,3 In China, the meningococcal vaccine A, bivalent vaccine

 + C and tetravalent vaccine ACWY had been introduced into the

ational expanded immunization program in 1980, 2002 and 2008

espectively. While the current incidence of N. meningitidis dis-

ase in China is mainly caused by serogroups A, B and C, only

ome sporadic cases caused by the serotypes of X and W135

n recent years. 4,5 In our disease surveillance system, we have

ever found a case infected with N. Meningitidis serogroup Y CC23

efore. 

Here we report the first case infected with N. meningitidis

erogroup Y CC23 , as well as some characteristics of the strains iso-

ated from the patient and his close contact in China. The patient

as a 17-year-old male high school student who was admitted to

 local hospital in Guangdong in March 2019. He had been study-

ng and accommodating in the school for a week before the on-

et of the disease. He had never traveled abroad or contacted with

oreigners recently, and his main activities were in classrooms,

ormitories and student cafeteria. He had been vaccinated with

ne dose of A + C bivalent meningococcal vaccine when he was 5

ears old. The infection started with sudden high fever (40 °C) on

he evening of March 6, 2019. Nausea, vomiting, and limb weak-

ess developed, and the patient lost consciousness on the morn-

ng of March 7, 2019. Physical examinations showed Kernig signs,

rudzinski signs. Cerebrospinal fluid (CSF) samples were turbid

ith increased protein levels ( > 30 0 0 mg/L) and pressure; leuko-

yte count also increased (7795 × 10 6 /L). After treated with com-

ination of meropenem and vancomycin, the patient was fully re-

overed in March 8, 2019. In the epidemiological investigation, one

f his close contact, also a 17-year-old male high school student,

he roommate of the patient, was identified as an asymptomatic

arrier. 

Two N. meningitidis strains were isolated from patient’s blood

N19-2-Y) and close contact’s throat swab (N19-3-Y) samples re-

pectively. The isolates were identified as serogroup Y by both spe-

ific antiserum (Remel, Lenexa, KS, USA) and SiaD PCR. The antibi-

tic susceptibility test was performed following the CLSI guide, and

oth of the two isolates of N. meningitidis serogroup Y were sensi-

ive to all the antibiotics tested excepting nalidixic acid. 
alysis. Phylogenetic analysis revealed that N19-2-Y and N19-3-Y were clustered into 

ple. The PorA genotype of the strain was determined to be P1.5-1 and the porB and 

mailto:dearwood@sina.com
https://doi.org/10.1016/j.jinf.2019.09.022
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2019.07.001&domain=pdf
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Table 1 

Summary of snp difference of Neisseria meningitidis Y isolates. 

Similarity_matrix ERR1441018 ERR2139088 N19-3-Y N19-2-Y NC_003112 ERR2182172 ERR2139100 

ERR1441018 100 83.85 83.38 83.38 58.15 45.65 34.2 

ERR2139088 83.85 100 93.08 93.08 57.77 42.06 29.75 

N19-3-Y 83.38 93.08 100 99.98 58.35 41.72 29.45 

N19-2-Y 83.38 93.08 99.98 100 58.35 41.72 29.45 

NC_003112 58.15 57.77 58.35 58.35 100 53.27 52.58 

ERR2182172 45.65 42.06 41.72 41.72 53.27 100 44.73 

ERR2139100 34.2 29.75 29.45 29.45 52.58 44.73 100 

difference_matrix ERR1441018 ERR2139088 N19-3-Y N19-2-Y NC_003112 ERR2182172 ERR2139100 

ERR1441018 0 1548 1593 1593 4012 5210 6308 

ERR2139088 1548 0 663 663 4048 5554 6734 

N19-3-Y 1593 663 0 2 3993 5587 6763 

N19-2-Y 1593 663 2 0 3993 5587 6763 

NC_003112 4012 4048 3993 3993 0 4480 4546 

ERR2182172 5210 5554 5587 5587 4480 0 5298 

ERR2139100 6308 6734 6763 6763 4546 5298 0 
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We investigated these two N. meningitidis strains by whole

genome sequencing and submitted the whole genome data to

Neisseria spp. database on https://pubmlst.org/ . The fine types

were extracted from whole genome data. Both invasive and car-

ried strains were ST-1655, belonging to the ST-23 clonal complex

(CC23), which was responsible for an increasing meningococcal

disease since the 1990s in the United States and Europe. The PorA

genotype of the strain was determined to be P1.5-1, which was a

genotype specific to the CC23. The porB and fetA alleles of these

strains were 10-1 and F4–1, respectively ( Fig. 1 ). There were only

two SNPs between whole genome sequences of N19-2-Y and N19-

3-Y ( Table 1 ). Phylogenetic analysis revealed that these two isolates

were clustered into CC23 cluster and closest to a United Kingdom

strain, which was isolated from healthy people ( Fig. 1 ). There were

663 to 6734 SNPs between our strains and other CC23 strains, sug-

gesting high genetic polymorphisms of CC23 strains ( Table 1 ). 

In this study, we report the first case of infection with Neis-

seria meningitidis serogroup Y CC23 in China. This case had never

traveled abroad or contacted with suspected cases of meningitis or

foreigners before the onset of the disease, so it can be judged as a

local infection. By epidemiological case searching and medical ex-

amination, we didn’t find other similar cases excepted one carrier,

suggesting that the ST-23 clonal complex did not spread locally. So

far, only one case of N. meningitidis serogroup Y ST-175 was re-

ported in China in 2015. However, the N. meningitidis serogroup

Y CC23 was responsible for an increasing meningococcal disease

since the 1990s in the United States and Europe. By 2019, there

have been reports of N. meningitidis serogroup Y in more than 20

countries, especially in Northern Europe, with the highest propor-

tion up to 55%. 5 

Currently, the N. meningitidis strains that caused meningococ-

cal disease mainly belong to serogroups A and C. In China, the

meningococcal vaccine A and bivalent vaccine A + C has been intro-

duced into the national expanded immunization program in 1980

and 2002 respectively, which may lead to changes in the preva-

lence of epidemic serogroups A and C. Survey in Chinese healthy

population discovered low positive rate of antibody of N. meningi-

tidis serogroups Y, but a high carrier rate of the pathogen. 6–8 Re-

cently, the N. meningitidis serogroup Y CC23 was epidemic in the

United States and Europe. With the increasing activity of interna-

tional economic trade and travel, the import risk of N. meningitidis

serogroup Y CC23 has been accelerated. Thus, our report was use-

ful for improving our understanding of the international spread of
. meningitidis CC23 on a global scale. It also highlights the need

or further epidemiologic surveillance to monitor the incidence of

eningococcal disease caused by N. meningitidis serogroup Y CC23

nd improvement of public health disease control strategies in the

uture. 
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