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Six amino acids of VP1 switch along with pandemic of N
CV-A6-associated HFMD in Guangxi, southern China, S
2010-2017
Dear Editor,

We read with interest a recent article in this journal that the
predominant pathogen shift to CV-A6 might contribute to the ab-
normal growth of Hand, foot, and mouth disease (HFMD) incidence
in Guangdong province of China in autumn of 2017." HFMD is a
common childhood infectious disease, is a global public health is-
sue, especially in the Asia-Pacific region. The symptoms of HFMD
are generally mild, which include fever, blisters on the hands and
feet, and ulcers inside or around the mouth. However, some in-
fections developed serious neurological or systemic complications,
even fatal. Enterovirus 71 (EV-A71) and coxsackievirus A16 (CV-
A16) were the primary HFMD pathogens before 2013 and CV-A6
has become a major HFMD pathogen since 2013. The Guangxi
autonomous region in southern China has been one of the top
three provinces most affected by HFMD in China since 2008.%2 In
Guangxi, the HFMD cases in Qinzhou raised dramatically in 2016
and 2017. However, the characteristics of pathogen spectrum are
still unknown. This study focused on characterizing molecular evo-
lution of CV-A6 in Qinzhou, from January 2010 to December 2017.

Mild cases of HFMD are defined as the absence or presence of
fever accompanied by a rash (maculopapule or vesicular rash) ap-
pearing on either the hand, foot, mouth, or buttock. Severe cases
are defined as the presence of at least one of the following com-
plications: acute flaccid paralysis, aseptic meningitis, pulmonary
edema, encephalitis, hemorrhage, and cardiopulmonary collapse.
Clinical specimens (stool, rectal swabs or throat swabs) were col-
lected and then Enterovirus were detected. All analyses were per-
formed using R (R Foundation for Statistical Computing, Vienna,
Austria; https://www.r-project.org/).

The Guangxi autonomous region is located in southern China
and Qinzhou city is a coastal city (Fig. S1A and B). In this study, a
total of 45,169 clinical cases, with 1344 severe cases and 20 fatal
cases, were reported in Qinzhou from January 2010 to December
2017. Generally, a periodical cycle with one-year interval of HFMD
outbreak was observed in Guangxi from 2010 to 2016. Outbreak
was persistent in 2017 even after the large scale of outbreak in
2016, that was once predicted to be a small epidemics year ac-
cording to the empirical period of outbreak. Compared to those in
years with sporadic prevalence (2011, 2013, and 2015), more cases
were involved in years with outbreaks (including 2010, 2012, 2014,
2016 and 2017) (Fig. S1C). Higher proportion (3.51%, 4.68%, and
5.47%) of severe cases were reported in 2012, 2014, 2016, compared
with those in 2010, 2011, 2013, 2015, and 2017 (0.95%, 0.05%, 0.31%,
2.44%, and 2.37%).

The HFMD cases occurred all the year round with the peaks
during April to July (the summer peak) or August to Novem-
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ber (the autumn peak) (Fig. 1A). Double peaks of pandemic were
observed in 2010, 2014 and 2017 respectively, only a single peak in
summer was occurred in 2012 and 2016, while only a single peak
in autumn was taken place in 2013 and 2015. Most severe cases
were occurred in summer (Fig. 1B). For the first time, we observed
that the number of cases in autumn season was higher than the
number in summer compared to other years with outbreaks (2010,
2012, 2014, and 2016), and reached the historical top.

RNA extraction and detection of pathogens (pan-EV, EV-A71,
CV-A16, C-A6 and CV-A10) detection was performed as previously
described.> Among 3251 HFMD samples, a total of 1990 HFMD
cases were positive for enteroviruses, including 1102 cases (55.38%)
positive for EV-A71, 289 (14.52%) positive for CV-A16, 460 (18.02%)
positive for CV-A6, and 59 (2.31%) positive for CV-A10. In general,
EV-A71, CV-A6 and CV-A16 are the major pathogens in Qinzhou
during 2010-2017 (Fig. S1E). The number of mild HFMD cases with
positive for enteroviruses during 2010-2017, were 48, 123, 158, 97,
173,165, 204, and 110, respectively. For mild cases, EV-A71, CV-A6
and CV-A16 were the major pathogens. It is noticeable that CV-
A6 positive rate increased sharply in 2015 and 2017, up to 77.58%
(128/165) and 49.09% (54/110), respectively (Fig. 1C). For severe
cases, although EV71 was still the dominant pathogen, CV-A6 pos-
itive rate increased significantly in 2015 and 2017 to 30.34% and
36.72% respectively (Fig. 1D). Thus, CV-A6 positive rate increased
both in mild cases and severe cases in 2015 and 2017.

In summer, all of EV-A71, CV-A6 and CV-A16 present substan-
tially (Fig. 1E). Meanwhile, in autumn, CV-A6 has been the major,
even dominant pathogen since 2011 (Fig. 1F). Overall, EV71 is dom-
inant in 2010, 2012, 2014, and 2016, while CV-A6 is dominant in
2015 and 2017 (Fig. S1E).

The complete VP1 gene sequences of 85 CV-A6 positive samples
were amplified and sequenced as previously described.># Then the
85 VP1 sequences were submitted to GenBank (Accession num-
bers: MF185255 to 185311). Evolutionary history was inferred us-
ing the neighbor-joining method.”> Phylogenetic analysis of com-
plete VP1 sequences (915 nucleotides) of 175 global CV-A6 strains,
including those isolated from 46 mild cases and 39 severe cases in
Qinzhou, indicated that the strains could be divided into four ge-
netic subgroups, genotypes A, B, C and D. The stains in mainland
of China during 2008-2015 falled into D2 and D3.6 All of the CV-
A6 strains identified in this study exhibited 93.8-99.8% nucleotide
similarity, 97.0-100.0% amino acid similarity correspondingly, be-
tween each other. All of these 85 strains were clustered exclusively
to genotype D, subtype 3a (Fig. 2A), the dominant subtype circu-
lating in mainland China in the recent years. Our stains were clus-
tered with stains isolated from other provinces of China.

Then, the signatures of VP1 amino acids were investigated and
six amino acids were found nonconservative. The heatmap of these
six sites showed that six amino acids of 85 CV-A6 falled into
three branches: 2010-2012, 2013-2015 and 2016-2017 (Fig. 2B).
The V1741 and T283A may happen in 2016, while the switches of

0163-4453/© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Monthly distribution of reported cases (A) and severe cases (B) of hand, foot, and mouth disease (HFMD) in Qinzhou during 2010-2017. The EV genotypes of mild
cases (C) and severe cases (D) of HFMD in Qinzhou during 2010-2017. The EV genotypes of summer peaks (E) and the autumn peaks (F) of HFMD cases in Qinzhou during

2010-2017.

the left four sites may occur during 2013-2014. Interestingly, some
sites tend to switch bivalently, V1741 and T283A, S137N and 1242V,
A5T and V30A.

Previous study showed that CV-A6 contain both non-lethal and
lethal styles in the mouse model.” Interestingly, the amino acids
of the four switches, A5T, V30A, S137N and 1242V, of most strains

isolated during 2010-2012 in our study were the same to the
non-lethal stains. In contrast, these four sites of CV-A6 isolated
during 2013-2015 and 2016-2017 were the same with those of
the lethal stains. Thus, CV-A6 may have become more virulent
and contributed to more mild and severe cases in Guangxi since
2013. These four sites swiches occurred in both mild and severe
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Fig. 2. (A) Phylogenetic tree was constructed from the 915 bp VP1 nucleotide sequences of CV-A6 using neighbor-joining method with 1000 bootstrap by MEGA7. It was
displayed using the online tool, Interactive Tree of Life (iTOL). (B) Heatmap of the distribution for six amino acid sites of 85 CV-A6 in Qinzhou isolated during 2010-2017. It

was created using pheatmap in R.

HFMD cases, so there are still need further study to validate the
relationship of these four amino acids switches and the virulence
of CV-AG6.

The phenomenon also exists in Vietnam. CV-A6 has become an
emerging pathogen in Vietnam since 2011. The four switching sites,
AS5T, V30A, S137N and 1242V, also occurs in the circulating CV-A6
stains causing HFMD in Vietnam from 2011 to 2015% with con-
sistent lethal properties. Interestingly, the structure of 137N is a
bend® and the switching of S137N will add a new N-glycosylation
site, but the functions still remain to be studied.

There were eight candidate variations are identified from the
CV-A6 stains in Xiamen of China.!” However, the evolution model
in our study are different from that of Xiamen, suggesting that the
circulating CV-A6 as well as its evolution pattern are geographical
different.

Overall, the prevalence of EV-A71 and CV-A6 oscillates follow-
ing big and small epidemic years. EV71 is the primary pathogen
for HFMD in summer, while CV-A6 is dominant in autumn. our re-
sults indicates that six amino acid switches, V1741, T283A,CV-A6
VP1, A5T, V30A, S137N, and 1242V, circulating in Guangxi during
2010-2017 may be associated with CV-A6 pandemic. These results
help to explain the prevalence of CV-A6 and the epidemic charac-
teristic of HFMD in Guangxi, southern China.
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Invasive meningococcal disease as a cause of sudden and )

unexpected death in a teenager: The public health = &
importance of confirming the diagnosis

Dear Editor,

We read with interest the article in this Journal by Hong et al.,
who describe the clonal replacement and expansion of a hypervir-
ulent strain of group W Neisseria meningitidis (MenW) belonging
to the ST11 clonal complex (cc11) in France, which was associated
with a high case fatality rate (CFR)'. Invasive meningococcal dis-
ease (IMD) is notorious for its sudden onset and rapid progres-
sion to life-threatening infection and death?. In adolescents and
young adults, where the condition can mimic other illnesses, such
as influenza, food poisoning, drug misuse or alcohol intoxication,
the diagnosis of IMD may not be considered by clinicians in the
acute stages of the illness. Where IMD is suspected, antibiotic ad-
ministration prior to hospital transfer or prior to performing blood
cultures increases the likelihood of negative bacterial cultures and,
therefore, missing the aetiology>. The diagnosis of IMD might also
be missed in cases with a rapidly progressing illness resulting in
sudden death outside the hospital setting, where the condition of
the patient prior to death might not have been witnessed. We
were recently involved with such a case, who was diagnosed with
IMD four months after death, and would like to highlight the clin-
ical and public health importance of ascertaining this rare but im-
portant diagnosis, even at post-mortem.

An 18-year old first-year university student developed mild
headache on a Friday, which worsened on Saturday although the

case was well enough to attend a concert that evening. The case
returned to the family home around midday Sunday, ate lunch and
slept in the afternoon, but woke up reporting cold hands and feet
at 18:00 and stomach ache with vomiting at 23:00, 02:00 and
04:00. The case’s parents contacted the out-of-hours doctor and
a clinical diagnosis of acute food-poisoning following chicken con-
sumption at the concert was made during the telephone consul-
tation. A plan was made for medical review at the case’s home,
which occurred at 05:30. At this point, the case was seriously un-
well. Intramuscular benzylpenicillin was administered immediately
and the case was transferred by ambulance to the hospital. The
case developed septic shock, continued to deteriorate rapidly and
passed away at 10:00 on the same day.

A post-mortem was performed four days later but only toxi-
cology samples were taken for analysis. Three months later, the
coroner reported the cause of death as unascertained. Despite the
clinical history being consistent with serious bacterial infection, a
drug-related cause of death was suspected because of the age of
the case. It was only after the parents contacted a national menin-
gitis charity that it became apparent that testing for meningococcal
disease (or any other infectious disease) had not been undertaken
at the hospital or during post-mortem investigation. After exten-
sive discussions with the coroner, four stored post-mortem blood
samples were retrieved from the local hospital and sent to the
Public Health England (PHE) Meningococcal Reference Unit (MRU)
for PCR-testing. A diagnosis of group W IMD was confirmed within
two days of sample receipt.

Infection is known to be a rare cause of death in healthy
teenagers and young adults®, in contrast to drug use and drug de-
pendence, which are recognised as common causes of early death.
Death due to drug misuse occurs when the underlying cause is (a)
drug abuse or drug dependence; or (b) drug poisoning and where
any of the substances controlled under the Misuse of Drugs Act
1971 are involved®. In England and Wales, drug poisoning was re-
sponsible for 1 in 6 deaths among people in their 20s and 30s
in 2016°. During 2016, there were 2153 recorded deaths in 15-24
year-olds (1487 male, 69%) and 1244 (966 male, 78%) were due to
‘External causes of morbidity and mortality’®.

Death due to IMD is rare, especially in teenagers. In England,
during 2014/15-2016/17, there were 368 IMD cases (138 cases in
2016/17; incidence, 1.8/100,000) and 23 deaths recorded on the
death certificates of 15-24 year-olds (CFR 6%, equivalent to an an-
nual mortality rate of ~1 per million). Additionally, enhanced na-
tional IMD surveillance through PHE identified only four additional
IMD-associated deaths in 15-24 year olds over the same three-year
period.

Whilst recognising that drug use and drug dependence are
leading causes of death in teenagers and young adults, it is im-
portant to consider an infectious cause, especially when infection-
related symptoms precede the death, even if there is a history of
social activity or behaviour which may increase suspicion for drug
misuse, such as clubbing, recent recreational drug taking or alcohol
consumption, which is common in this age-group. New university
entrants, especially those in halls of residence, have a > 10-fold
higher risk of developing IMD compared to those in the same age-
group who are not attending university’.

Early recognition of IMD cases is important:

e So that families are appropriately and accurately informed
without undue delay.

o To ensure timely and appropriate public health actions to min-
imise the short-term and long-term risk in close contacts of the
case, including rapid antibiotic chemoprophylaxis and vaccina-
tion where appropriate;
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o To facilitate monitoring of outbreaks through disease surveil-
lance; timely identification of an outbreak could potentially
lead to implementation of mass chemoprophylaxis with or
without vaccination to prevent further cases from occurring.

o To ensure that any specific characteristics of circulating strains
are identified so that clinicians can be informed, such as group
W meningococcal disease and gastrointestinal presentation®.

Whilst drug misuse remains the most important cause of sud-
den and unexpected death in teenagers and young adults, other
causes, especially those related to infection, should be considered.
In particular, confirming IMD is critical because of potential clin-
ical and public health implications for the family and the wider
community. Since administering antibiotics prior to taking micro-
biological specimens is likely to yield negative bacterial cultures,
additional investigations such as molecular testing, including PCR-
testing for IMD and other infectious diseases, should be routinely
performed in all fatal cases where the cause of death is not ascer-
tained.
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Diagnosing urinary tract infection in older people m

Ghock for
Gpdates'

To the Editor,

The recently published study by Gbinigie et al. highlights
both the importance and difficulty with the diagnosis of urinary
tract infection (UTI) in older people.! They have performed a
thorough analysis of available studies in this field. However, any
meta-analysis is limited in worth by the quality of the studies
that it contains. The authors have appropriately acknowledged
the high rate of asymptomatic bacteriuria (ASB) in older people,
yet the majority of the included studies used the presence of
bacteriuria alone as a diagnostic standard for UTL It is well known
that ASB is commoner in older and frailer people and should not
be treated with antibiotics.2 Many of the studies recruited care
home residents, in whom the prevalence of ASB is likely to be in
the range of 15-50%.% The associations generated failed to strongly
link urinary tract symptoms to a diagnosis of UTI, which further
suggests that ASB was being mislabelled as UTI within the in-
cluded studies. Previous data have also not associated urinary tract
symptoms with bacteriuria alone.* In addition, signs traditionally
associated with sepsis (pyrexia, hypotension and tachycardia) were
not associated with the label ‘UTI’ in this analysis.
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Given the lack of diagnostic gold standard for UTI, it is an area
that is very difficult to effectively study. People with bacteraemic
UTI (i.e. blood and urine cultures simultaneously positive for a
likely uropathogen without an obvious alternative reason) are very
likely to have a genuine UTI and are at the highest risk of mor-
tality. A study performed in this group found that 92% of people
aged over 75 had at least mild pyrexia and 60% had tachycardia.”
In addition, 51% had at least one urinary tract symptom, which is
consistent with 47% having symptoms when diagnosed with UTI
by expert consensus in an emergency department.® In the latter
group, non-specific signs such as lethargy and altered mental
status were poor predictors for bacterial infection. Gbinigie et al.
also found an association with a label of UTI and foul smelling
urine in men,! but change in urine character is non-specific and
has other potential causes such as dehydration or misrecognition
of a reduced ability to self-perform personal care.

UTI has a high misdiagnosis rate in older people with a
tendency to over-diagnose.” This leads to inappropriate antibiotic
exposure and failure to identify the correct reason for deterioration
in a timely way. The authors have attempted to use an analysis of
studies to address this problem but the studies they identified are
flawed, which has led them to false conclusions. They have effec-
tively demonstrated the known association between old age, frailty
(with reduced functional ability) and the finding of ASB, which is
not the same as having a UTI. This could serve to reinforce the
erroneous assumption that non-specific illness is frequently due
to UTI in older people, resulting in harm from over exposure to
antibiotics and missing the real problem. It has also led them to
overlook the genuine association between urinary tract symptoms
and symptomatic UTI, by definition, and the systemic signs of
sepsis associated with bacteraemic UTI. This could put patients
at risk of harm from under treatment. It is my opinion that the
authors should simply have described the limitations with the
currently available data in this field rather than draw potentially
harmful conclusions.
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The clinical significance of thrombocytopenia m

complicating sepsis: A meta-analysis e
Dear Editor,

We read with interest the recent review by Ronald Anderson et
al.! that addressed an overview of the limited experimental stud-
ies together with a larger series of clinical studies mainly focused
on all-cause CAP, which have provided evidence in support of as-
sociations between alterations in circulating platelet counts, most
commonly thrombocytopenia, and a poor clinical outcome. The fi-
nal section of the review covers, albeit briefly, systemic biomarkers
of platelet activation which may have prognostic potential. This
article reports a meta-analysis and systematic review of studies of
thrombocytopaenia in sepsis compared to no thrombocytopaenia
in sepsis. A systematic review of published work was conducted
according to the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guidelines.? A systematic search of
the PubMed, MEDLINE, Cochrane Library and Wanfang databases
was performed from January 2008 to January 2018, using the
following terms to identify studies reporting the outcomes of
thrombocytopaenic and non-thrombocytopaenic adults with sep-
sis: “sepsis,” “thrombocytopenia,” and “mortality”. The searches
were limited to articles published in the English and Chinese
languages. Further articles were identified by hand-searching
the reference lists of all retrieved articles to identify potentially
relevant studies. Searches were cross-referenced on PubMed using
the related articles function. The last search date was 31 Jan-
uary 2018. The primary endpoint of this meta-analysis was the
incidence of overall hospital mortality. The secondary endpoint
was the incidence of complications. When there were multiple
articles by the same authors that analysed data from the same or
a similar patient group, the most recent publication was included
if the study periods overlapped. Review articles, case reports,
experimental studies and studies that did not report outcomes
were excluded. Unpublished data from conference abstracts were
excluded. Only studies with more than five patients were included.

The characteristics of the included trials are listed in Table 1.
Finally, data from 16 articles were included: 12 articles from
the English-language literature and 4 articles from the Chinese-
language literature. Of these articles, 12 were cohort studies and

Abbreviations: DIC, disseminated intravascular coagulopathy; ICU, Intensive Care
Unit; AKI, acute renal injury; ARDS, adult respiratory distress syndrome.
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Table 1
Characteristics of the included studies (according to the Cochrane Collaboration’s tool for assessing risk of bias).
Ref. Country Number of Study ICU Sample Population Incomplete outcome Selective outcome Other
centre Type  Type sizes sources of

bias

Bedet et al 1112017 France 1 Pro Mixed 60 septic shock No missing outcome data All prespecifiedoutcomes no
reported

Boechat et all212012 Brasil 1 Retr NR 56 Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Burunsuzoglu et al 12016 Turkey 1 Retr NR 307 Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Claushuis et all 2016 Netherlands 1 Pro Mixed 929 Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Cui et all®12016 China 1 Retr NR 60 Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Gafter-Gvili et all®12011 Israel 1 Retr NR 1052  Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Hou et all”l 2016 China 1 Retr Emergency 78 Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Koyama et all®! 2018 Japan 1 Retr medico- 205 Sepsis No missing outcome data All prespecifiedoutcomes no
surgical reported

Lim et all®l 2012 Korean 1 Pro medical 186 Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Martin et all’®! 2009 Canadian 12 Pro Mixed 1238  Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Semeraro et all('12017 Italy 40 Retr NR 280 Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Sun et all’2l 2014 China 1 Retr NR 95 Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Thiery-antier et all3! 2016 France 14 Retr NR 1486  Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Tsirigotis et all'412016 Greece 1 Retr NR 105 Sepsis/septic No missing outcome data All prespecifiedoutcomes no
shock reported

Vandijck et al [112010 Belgium 1 Retro NR 155 Sepsis No missing outcome data All prespecifiedoutcomes no
reported

Venkata et all’®! 2013 Mayo Clinic 1 Retro  medical 304 severe No missing outcome data All prespecifiedoutcomes no
Medical sepsis/septic reported

Center, USA shock
Wang et all'’l 2015 China 1 Retr NR 80 Sepsis No missing outcome data All prespecifiedoutcomes no

reported

1 was a case-control study. The thrombocytopaenia group con-
tained 1191 patients, and the non-thrombocytopaenia group con-
tained 1323 patients.

Seventeen studies reported that thrombocytopaenia in-
creased overall mortality. Because the heterogeneity was too
large, we chose thirteen studies with minimum heterogeneity. The
heterogeneity among these studies was significant (P <0.00001,
I2=76%, Fig. 1A). Thus, we used the random-effects model and
found that there was a significant difference in mortality be-
tween the thrombocytopaenia and non-thrombocytopaenia groups
(OR=3.14, 95% CI: 2.36-4.17, P <0.00001, Fig. 1A). The sensitiv-
ity analysis, which was performed by removing each study in
turn from the overall data or by restricting the meta-analysis to
high-quality studies, showed that the result was robust.

Nine studies evaluated the occurrence of shock in both groups.
These trials were significantly heterogeneous (P < 0.0001, I2 = 77%),
and a random-effects analysis was performed. The statistical re-
sults showed that thrombocytopaenia was associated with an in-
creased incidence of shock (OR=2.4, 95% CI: 1.49-3.85, P=0.0003,
Fig. 1B), and the result did not change by restricting the meta-
analysis to the five high-quality studies (OR=3.14, 95% CI: 1.95-
5.06, P <0.0001).

Only three studies reported bleeding events in sepsis, including
spontaneous bleeding in organs such as the gut, lungs, brain and
so on. These trials were not significantly heterogeneous (P =0.99,
[2=0%), and a random-effects analysis was performed. The meta-
analysis showed a significant difference between the thrombocy-
topaenia and non-thrombocytopaenia groups (OR=4.44, 95% CI:
2.04-9.69, P=0.0002).

Five studies reported AKI in sepsis. These trials were not
significantly heterogeneous (P=0.11, 12=47%), and a random-
effects analysis was performed. The meta-analysis showed a
significant difference between the thrombocytopaenia and non-
thrombocytopaenia groups (OR=2.19, 95% CI: 1.77-2.71, P < 0.0001,
Fig. 1C).

Seven studies reported the use of mechanical ventilation during
hospitalization. These trials were not significantly heterogeneous
(P=0.79, 2=0%), and a random-effects analysis was performed.
The results indicated no significantly increased dependence on
mechanical ventilation in the thrombocytopaenia group (OR=1.12,
95% CI: 0.93-1.35, P=0.24).0nly three studies reported ARDS in
sepsis. These trials were not significantly heterogeneous (P = 0.46,
[2=0%), and a random-effects analysis was performed. The meta-
analysis showed no difference between the thrombocytopaenia
and non-thrombocytopaenia groups (OR=1.42, 95% CI: 0.96-2.09,
P=0.08).

The publication bias was assessed using a funnel plot (Fig. 2).
The plot shows that the overall distribution of the studies included
was symmetrical, and no obvious bias was found.

The aim of the present work was to perform a meta-analysis
on thrombocytopaenia in sepsic patients and its association with
various prognostic value. We found that thrombocytopaenia is as-
sociated with poor prognosis and increases the complication rate
in sepsis. Theoretically, the number and function of platelets are
related to the incidence of many diseases. The involvement of
platelets in inflammation and coagulation reactions, especially in
the occurrence and development of sepsis, indicates that they play
a key role in the transformation to sepsis.’ Studies have shown
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Burunsuzoglu 2016 27 67 42 260 74% 3.18[1.76,5.75) —
Claushuis 2016 136 349 156 580  9.3% 1.74[1.31,2.30] e
Cui 2016 16 28 10 32 42% 2.93[1.02,8.45] —
Gafter-Gvili 2011 132 235 281 817 9.2% 244[182,3.28] e
Hou 2016 14 32 8 46 43% 3.69[1.31,10.39] —
Koyama2018 21 151 1 54 1.6% 8.56 [1.12, 65.28] I
Lim 2012 27 69 14 17 6.0% 4.73[2.26,9.90] —
Martin 2009 105 180 367 1058 9.0% 2.64[1.91,3.64] =
Semeraro 2017 107 185 26 9% 75% 364[2.13,6.23] -
Sun 2014 2% 45 15 50 54% 2.92[1.25,6.78] —
Thiery-Antier 2016 396 720 327 766 9.7% 1.64[1.34,201] e
Tsirigotis 2016 46 56 1 49 47%  15.89[6.10,41.42)
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Total (95% C) 14 1961 1000%  240[149,385) 4
Total events 627 582
Heterogeneity: Tau? = 0.31; Chi? = 30.30, df = 7 (P < 0.0001); = 77% '0 o 0‘ : | 1'0 0 0‘
Testhornietal e 202 = 000 Favours [thrombocytopenia] - Favours [no thrombacytopenia]
C Thrombocytopenia  No thrombocytopenia Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Claushuis 2016 170 349 177 580 60.0%  2.16[1.64,2.85)
Cui 2016 9 23 12 32 67% 0.79[027,230] —
Lim 2012 18 B9 11 17 53%  340[1.50,7.73) ——
Vandijck 2010 29 67 14 B8 60% 4030191852 —
Venkata 2013 64 145 47 159 220%  1.88[1.17,3.02) ——
Total (95% CI) 658 976 100.0%  2.19[1.77,2.71] L 2
Total events 290 261
Heterogeneity: Chit= 767, df= 4 (P = 0.11); F= 47% n o n=1 ) 110 1nn=

Testfor overall effect 2= 7.22 (P < 0.00001)

Favours [thrombocytopenia] Favours [no thrombocytopenia]

Fig. 1. Forest plot demonstrating significant difference in A mortality, B shock and C AKI between thrombocytopenia and without thrombocytopenia in sepsis.
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Fig. 2. Funnel plot did not show publication bias.

that thrombocytopaenia may be present in patients with early-
stage sepsis. A study in 2002 by Strauss et al.* noted that platelet
count reduction is one of the independent factors for death in ICU
patients.

Therefore, a decrease in platelet count can be used to indicate
the severity of sepsis, and trends in platelet count changes can be
used to judge the recovery and prognosis of patients with sepsis.
Combining platelet count with the clinical score in evaluating the
severity and prognosis of the disease may lead to a more accu-
rate prediction of the recovery or deteriorating clinical status of
patients with sepsis.

As numerous studies have shown, platelet-related parameters
may represent the degree of inflammatory reaction, platelet ac-
tivity and compensatory bone marrow hyperplasia in sepsis pa-
tients and can be indirectly representative of the severity of the
disease.* This study was conducted by observing the relationship
between thrombocytopaenia and mortality in sepsis. Our meta-
analysis suggested that thrombocytopaenia was associated with
higher mortality in sepsis.

Moreover, the use of mechanical ventilation in the throm-
bocytopaenia group was higher than that in the non-
thrombocytopaenia group (68.7% vs 62.9%), although no sig-
nificant difference was observed. We presume that this similarity
may be due to the early provision of treatment. Mechanical
ventilation is a challenging technique and may create many me-
chanical ventilation-related lung injuries that are difficult to treat;
thus, it is worthwhile to reduce the dependence on mechanical
ventilation.

Two studies have suggested that thrombocytopaenia does not
cause serious complications such as shock.”6 However, some stud-
ies have suggested that thrombocytopaenia causes a higher inci-
dence of shock. The current meta-analysis demonstrated that the
incidence of overall complications was significantly lower in the
non-thrombocytopaenia group. Our review showed that shock oc-
curred in sepsis in the thrombocytopaenia group but occurred

less frequently in the non-thrombocytopaenia group. Furthermore,
bleeding was rarer in the non-thrombocytopaenia group (0.823% vs
5.79%). For other complications such as ARDS and AKI, our findings
are similar to those of the previous studies.®-? Our review showed
that ARDS (37.4% vs 31.9%) and AKI (44.1% vs 26.7%) occurred more
frequently in sepsis in the thrombocytopaenia group.

We conducted a sensitivity analysis by excluding some studies,
and the result of the original analysis did not change. Furthermore,
our meta-analysis included a recently published well-designed trial
by Thiery-antier et al.'® Our meta-analysis showed that thrombo-
cytopaenia increased the incidence of overall complications, and
this result did not change by restricting the meta-analysis to high-
quality studies. In addition, our meta-analysis showed that the use
of mechanical ventilation in the thrombocytopaenia group was sig-
nificantly decreased. A strength of this study is the large sample
size analysed. Our study is the only comprehensive meta-analysis
of the outcomes of sepsis with or without thrombocytopaenia in
over 6000 adults.

In conclusion, thrombocytopaenia is associated with poor prog-
nosis and increases the complication rate in sepsis. This suggests
that platelet count in septic patients could be used to indicate the
development of one or more of these prognostic values in septic
patients. These trends provide a reference for further clinical treat-
ment.
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Detection of pediatric bacterial meningitis pathogens )
from cerebrospinal fluid by next-generation sequencing S
technology

Dear Editor,

Breuer and co-workers , in this Journal, held the opinion that
next generation sequencing (NGS) should be considered as a front-
line diagnostic test in chronic and recurring encephalitis.! There
is increasing evidence of a role for NGS in the work-up of cen-
tral nervous system (CNS) infection. Pathogen identification is of
paramount importance for bacterial meningitis. Because of the lim-
itations of clinical laboratory testing, more than half of the CNS in-
fection cases cannot be clearly diagnosed.” Although non-culture
methods including multiplex PCR and latex agglutination, etc. have
been used in clinical microbiology,> only one or several specific
pathogens could be targeted by these technologies, let alone rare
pathogens. Thus, rapid and accurate diagnosis of causative agents
in CNS infection remains challenging. Unbiased NGS could facilitate
identification of all the potential pathogens in a single assay the-
oretically. However, the majority of reports of CNS infection are
case reports and few studies applied NGS for pathogen detection
of bacterial meningitis patients, especially in pediatric populations.
In this study, we would like to use the NGS technology to detect
pathogens directly from the CSF samples of children with bacterial
meningitis and evaluate the feasibility and significance of the NGS
technique on the pathogenic identification of bacterial meningitis.

This retrospective observational study was conducted between
23rd October, 2014 and 31st December, 2016. This study was ap-
proved by the Ethics Committee of Beijing Children’s Hospital Af-
filiated to Capital Medical University (No. 2017-74). Patients with
bacterial meningitis age between 29 days and 18 years from De-
partment of Infectious Diseases, Beijing Children’s Hospital were
included. The inclusion criteria of bacterial diagnosis were accord-
ing to the World Health Organization case definition.” The exclu-

Abbreviation: NGS, next generation sequencing (NGS); CNS, central nervous sys-
tem (CNS); S. pneumoniae, Streptococcus pneumoniae; S. Agalactiae, Streptococcus
agalactiae; Spn, Streptococcus pneumoniae; GBS, group B Streptococcus; SA, Staphy-
lococcus aureus; Eco, Escherichia coli; Li, Listeria monocytogenes.
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Fig. 1. Number of different pathogens detected by clinical tests and combination with NGS. Note: Spn, Streptococcus pneumoniae; GBS, group B Streptococcus; SA, Staphylococcus
aureus; Eco, Escherichia coli; Li, Listeria monocytogenes; others includes Enterococcus faecalis, Enterococcus faecalis, Streptococcus pyogenes, Streptococcus mitis, Streptococcus bovis,
Haemophilus influenza, Streptococcus bovis, Eikenellacorrodens, Pseudomonas aeruginosa and Staphylococcus pasteuri, Cytomegalovirus and Taeniasaginataasiatica.

sion criteria were patients with disagreement to collecting CSF, CSF
volume < 1 ml and bloody CSF. Records of all patients including
demographic data, clinical features and laboratory findings were
obtained. CSF samples were collected and sent to Beijing Genomics
Institute for pathogen detection using NGS technique.

A total of 99 cases were finally included in our study. Among
them, 68 (68.7%) cases were male. The median age of onset
was 5.7 months. 55 cases (55.6%) had positive clinical pathogen
detections. Among them, 33 (33.3%) cases were positive from
the CSF culture, 32 (32.3%) cases were positive from the blood
culture, and 13 (13.1%) cases of them were positive both from
CSF and blood culture. 21 (21.2%) cases had positive results of
Alere BinaxNow® Streptococcus pneumoniae Antigen test. The main
pathogens identified in this study was Streptococcus pneumoniae
(S. pneumoniae) (n = 23, 41.8%). A total of 10 kinds of pathogenic
microorganisms were determined by NGS. There were six kinds of
Gram-positive bacteria, two kinds of Gram-negative bacteria, one
kind of virus and one kind of parasite among them. The coverage,
depth and unique reads of different spices were between 0.0046%
and 68%, 1-2, 2-67550, respectively (Supplemental Table S1). The
accordance rate of NGS and conventional microbiologic methods
was 48.5% (n=48) with 17 samples positive and 31 samples
negative by both methods; 13 samples tested negative by conven-
tional methods were tested positive by NGS. NGS showed higher
sensitivity and increased the positive rate of pathogen detection
by 13.1% (the positive rate of pathogen detection increased from
55.6% to 68.7%). A total of 29 S. pneumoniae were detected by
combination methods, while six of them were independently de-
tected by NGS; a total of 15 Streptococcus agalactiae (S. agalactiae)
were detected by combination methods, while four of them were
independently detected by NGS. Overall, S. pneumoniae (n=29,
39.7%), S. agalactiae (n=15, 20.5%), Staphylococcus aureus (n=7,
9.6%), and Escherichia coli (n=7, 9.6%) were the most frequently
detected pathogens in this study (Fig. 1). The NGS-positive group
comprised 41 (41.4%) patients while the NGS-negative group

comprised 58 cases. Comparing the two groups, patients in the
NGS-positive group had generally shorter days in terms of duration
from onset to the sample collection (median days 15 vs. 31 days,
P = 0) and shorter onset days than those in the pathogen-negative
group (median days 6 vs. 25 days, P = 0.005). With regard to
blood inflammatory indices, patients in the NGS-positive group
were frequently found to have higher neutrophils (66.7% vs. 54.7%,
P = 0.002) than those in the NGS-negative group (Table 1). The
main pathogens identified in this study were S. pneumoniae which
was consistent with our prior data.® NGS increased the positive
rate of pathogen detection by 13.1% in our study which indicated
NGS could improve the overall positive rate of pathogen detection
in bacterial meningitis patients. This consistent with the studies
of NGS in patients with other infectious diseases,” such as sepsis®
and pneumonia® which indicates that an NGS-based approach has
great potential to detect causative pathogens of infectious diseases.

We compared NGS-positive and NGS-negative groups, and an-
alyzed factors that could affect NGS results. Patients in the NGS-
positive group had generally shorter days in terms of duration from
onset to the sample collection than those in the pathogen-negative
group. In terms of time between two groups, we found that 32
(94.12%) samples were less than 42 days (data did not show) in
the NGS-positive group. It indicated that the earlier detected the
more positive possibility. In addition, it is noting that there was no
significant difference in the simultaneously CSF white blood cell
count, protein and glucose levels between two groups. These alto-
gether suggests that the original severity of inflammation, not the
inflammation status while the simultaneously NGS detects might
determine the NGS results.

To our knowledge, the present study is the largest case se-
ries of using NGS on the pathogen identification of bacterial
meningitis patients around world. Our study demonstrated the
diagnostic ability of NGS in determines etiology of bacterial
meningitis and the factors associated with the NGS results. Al-
though there are many challenges, especially on the interpre-
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Table 1
Comparison of NGS-positive and NGS-negative groups.
Items NGS-positive” NGS-negative P
(n=41) (n=58)

Age (days)? 230(69.5-425) 116.5(65.5-392.5)  0.379

Duration from onset to the sample collection (days)? 15(8.5-28) 31(17-45) 0

Onset (days)® 6(4-21) 25(4-41) 0.005

Diagnosis duration (days)? 4(2-8) 3(1-6.75) 0.66

Peripheral blood WBC(x 1079/1) 173 £ 119 135+ 73 0.074
Neutrophils (%) 66.7 = 15.7 54.7 + 20.2 0.002
Hemoglobin (g/1) 104.0 + 19.9 103.8 + 17.2 0.943
C-reactive protein (mg/l)? 29 (11.0-101.1) 27.7(8-108.5) 0.393

1st CSF WBC (x 1076/1)? 910(336-2825) 403(98-2040) 0.125
Multinuclear cells (%)* 70(38.75-85) 60(22-75) 0.165
Monocyte (%) 24.3(15-55.5) 38.5(23.0-75.0) 0.099
Protein (mg/1)? 1278(837-2234)  1340(596-1982) 0.485
Glucose (mmol/I)* 1.47(0.87-2.74) 2.48(1.02-2.48) 0.12

Simultaneously CSF©  WBC (x 10"6/1) 10(2-17) 11(2-37) 0.432
Multinuclear cells (%)? 10(4-16) 12(5-20) 0.723
Monocyte (%) 20(12-28) 30(15-54) 0.051
Protein (mg/l)? 557(296-1149) 594(367-1079) 0.85
Glucose (mmol/l)* 2.85(2.43-3.46) 2.90(2.46-3.66) 0.869

NGS, next generation sequencing; WBC, white blood cell; CRP, C-reactive protein; CSF, cerebrospinal fluid.

2 Results are reported as the median (interquartile range), or as the percentage.
b NGS-positive group refers to the cases who had positive bacterial NGS results.
¢ Simultaneously CSF refers to the CSF results by clinical testing at which time CSF is detected by NGS.

tation of NGS report. As a new technology of detection, NGS
could be a promising alternative diagnostic powerful tool for
pathogen detection allowing doctors to detect organisms in crit-
ically ill patients suffering from bacterial meningitis quickly and
precisely.

Author contributions

All of the authors had access to the full dataset (including the
statistical reports and tables) and take responsibility for the in-
tegrity of the data and the accuracy of the data analysis. GLY, LY],
YYH and LG conceived and designed the study. GLY, LLL, ZY, FWY,
ZL, HB, HHL, CHY, CTM, GX were involved in case and sample col-
lection, analysis, and interpretation of the data. GLY, LY], WHL, ZJL
participated in the laboratory analysis of CSF. GLY wrote the first
draft of the paper. GLY, YYH, and LG reviewed and approved the
final report.

Funding

This work was supported by no foundation.

Conflict of interest

The authors declare that they have no competing interests.

Acknowledgments

We would like to thank Professor Hongzhi Guan at the Depart-
ment of Neurology, Peking Union Medical College Hospital for his
assistance and valuable suggestions of this study. We would like to
thank Bio bank for Diseases in Children Beijing Children’s Hospital,
Capital Medical University for their contribution of storing the CSF
samples with standard procedures. In addition, we would like to
thank Xue Yao at BGI-Shenzhen for her coordination in this study.

Supplementary material

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jinf.2018.12.001.

References

—_

. Brown JR, Bharucha T, Breuer ]. Encephalitis diagnosis using metagenomics:
application of next generation sequencing for undiagnosed cases. ] Infect
2018;76:225-40.

2. Glaser CA, Honarmand S, Anderson L], Schnurr DP, Forghani B, Cossen CK,
et al. Beyond viruses: clinical profiles and etiologies associated with encephali-
tis. Clin Infect Dis 2006;43:1565-77.

3. Kim KS. Acute bacterial meningitis in infants and children. Lancet Infect Dis
2010;10:32-42.

4. Naccache SN, Federman S, Veeraraghavan N, Zaharia M, Lee D, Samayoa E,
et al. A cloud-compatible bioinformatics pipeline for ultra-rapid pathogen iden-
tification from next-generation sequencing of clinical samples. Genome Res
2014;24(7):1180-92.

5. World Health Organization. WHO-recommended standards for surveillance of
selected vaccine-preventable diseases, 2003, May. WHO/V&B/03.01. Geneva:
WHO; 2013. Available at: http://www.measles.rubellainitiative.org/wp-content/
uploads/2013/06/WHO-surveillance-standard.pdf.

6. Guo LY, Zhang ZX, Wang X, Zhang P-p, Shi W, Yao K-h, et al. Clinical
and pathogenic analysis of 507 children with bacterial meningitis in Beijing,
2010-2014. Int ] Infect Dis 2016;50:38-43.

. Miao Q, Ma Y, Wang Q, Pan ], Zhang Y, Jin W, et al. Microbiological diagnos-
tic performance of metagenomic next-generation sequencing when applied to
clinical practice. Clin Infect Dis 2018 Nov 13;67(Suppl_2):5231-40.

8. Long Y, Zhang Y, Gong Y, Sun R, Su L, Lin X, et al. Diagnosis of sepsis with
cell-free DNA by next-generation sequencing technology in ICU patients. Arch
Med Res 2016;47:365-71.

9. Xie Y, Du J, Jin W, Teng X, Cheng R, Huang P, et al. Next generation sequencing

for diagnosis of severe pneumonia: China, 2010-2018. J Infect 2018;18:30277-9.

~

Ling-yun Guo

Key Laboratory of Major Diseases in Children, Ministry of Education,
Department of Infectious Diseases, Beijing Children’s Hospital, Capital
Medical University, National Center for Children’s Health, No. 56 Nan
Lishi Road, Beijing 100045, China

Beijing Key Laboratory of Pediatric Respiratory Infection Diseases,
Key Laboratory of Major Diseases in Children, Ministry of Education,
National Clinical Research Center for Respiratory Diseases, National
Key Discipline of Pediatrics (Capital Medical University), Beijing
Pediatric Research Institute, Beijing Children’s Hospital, Capital
Medical University, National Center for Children’s Health, China

Yong-jun Li

BGI Genomics, BGI-Shenzhen, Shenzhen, China

Lin-lin Liu

Key Laboratory of Major Diseases in Children, Ministry of Education,
Department of Infectious Diseases, Beijing Children’s Hospital, Capital


https://doi.org/10.1016/j.jinf.2018.12.001
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0001
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0001
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0001
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0001
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0002
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0002
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0002
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0002
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0002
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0002
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0002
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0002
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0003
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0003
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0004
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0004
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0004
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0004
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0004
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0004
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0004
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0004
http://www.measles.rubellainitiative.org/wp-content/uploads/2013/06/WHO-surveillance-standard.pdf
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0006
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0006
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0006
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0006
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0006
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0006
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0006
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0006
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0007
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0007
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0007
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0007
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0007
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0007
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0007
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0007
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0008
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0008
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0008
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0008
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0008
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0008
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0008
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0008
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0009
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0009
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0009
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0009
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0009
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0009
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0009
http://refhub.elsevier.com/S0163-4453(18)30357-8/sbref0009

Letter to the Editor/Journal of Infection 78 (2019) 323-337 335

Medical University, National Center for Children’s Health, No. 56 Nan
Lishi Road, Beijing 100045, China

Hong-long Wu

Binhai Genomics Institute, Tianjin Translational Genomics Center,
BGI-Tianjin, BGI-Shenzhen, Tianjin, China

Wuhan National Laboratory for Optoelectronics, Huazhong
University of Science and Technology, Wuhan, Hubei, China

Jia-li Zhou
Binhai Genomics Institute, Tianjin Translational Genomics Center,
BGI-Tianjin, BGI-Shenzhen, Tianjin, China

Ye Zhang, Wen-ya Feng, Liang Zhu, Bing Hu, Hui-li Hu,

Tian-ming Chen, Xin Guo, He-ying Chen

Key Laboratory of Major Diseases in Children, Ministry of Education,
Department of Infectious Diseases, Beijing Children’s Hospital, Capital
Medical University, National Center for Children’s Health, No. 56 Nan
Lishi Road, Beijing 100045, China

Yong-hong Yang*!

Beijing Key Laboratory of Pediatric Respiratory Infection Diseases,
Key Laboratory of Major Diseases in Children, Ministry of Education,
National Clinical Research Center for Respiratory Diseases, National
Key Discipline of Pediatrics (Capital Medical University), Beijing
Pediatric Research Institute, Beijing Children’s Hospital, Capital
Medical University, National Center for Children’s Health, China

Gang Liu*!

Key Laboratory of Major Diseases in Children, Ministry of Education,
Department of Infectious Diseases, Beijing Children’s Hospital, Capital
Medical University, National Center for Children’s Health, No. 56 Nan
Lishi Road, Beijing 100045, China

*Corresponding authors.
E-mail address: liugangbch@sina.com (G. Liu)

T yang and Liu contributed equally to this work.
Accepted 1 December 2018
Available online 12 December 2018

https://doi.org/10.1016/j.jinf.2018.12.001

© 2019 The British Infection Association. Published by Elsevier
Ltd. All rights reserved.

Evaluation of next-generation sequencing for the "
pathogenic diagnosis of children brain abscesses @ [&& =

Dear Editor,

Guo et al,! in this Journal, held the view that metagenomic
next-generation sequencing (mNGS) may hold the comprehen-
sive diagnostic ability in identifying different sources of abscess
pathogens and indicated that this technology provides a power-
ful ability for the rapid etiology diagnosis of patients with abscess.
We completely agree with the opinion that mNGS was suggested
to potentially replace traditional microbiological methodology be-
cause of its comprehensiveness and speed. However, clinical expe-
rience with application of the test is relatively limited, especially
for samples of brain abscesses.

Abbreviations: NGS, next-generation sequencing; CNS, central nervous system;
CRP, C-reactive protein; MRI, magnetic resonance imaging; ER, emergency room;
CSF, cerebrospinal fluid.

Internal organ abscesses are illustrative of the shortcomings of
bacterial culture. They often contain anaerobic or fastidious bacte-
ria vulnerable to sample collection procedures and transportation,
and they can also contain atypical or slow-growing organisms that
will not necessarily form colonies on routine media or during a
standard incubation time. NGS has the ability to identify both com-
mon and rare pathogens without any prior suspicious needed, and
is able to offer a new platform for quantification of all detected mi-
croorganisms.”> Here we present a group of children brain abscess
cases, where NGS was used for pathogenic confirmation.

Case 1, a 2-month-old baby was sent to local emergency room
(ER) because of continuous fever with spit. His brain Magnetic Res-
onance Imaging (MRI) revealed multiple round abnormal signal in
the left frontal lobe (Fig. 1(A)). His blood routine test showed a
white blood cell count of 24.44 x 109/L, with 40.4% granulocytes,
and a markedly increased C-reactive protein (CRP) level (92 mg/L).
Intravenous ceftriaxone, vancomycin and mannitol were prescribed
but the baby’s fever did not relieve and abdominal distension ap-
peared.

Case 2, a 5-year-old boy, who had a history of congenital heart
disease, was sent to local ER for intermittent fever with headache
and vomit. His brain CT revealed the massive low-density shadow
sorrounded by large areas of edema in the left temporal-occipital-
parietal lobe (Fig. 1(B)). His blood routine test showed a white
blood cell count of 16.43 x 10°/L, with 47.6% granulocytes. His
cerebrospinal fluid (CSF) examination revealed increased leucocyte
count (190 x 10% cells/L) with normal glucose and slightly elevated
protein level (973 mg/L). Ceftriaxone and mannitol were prescribed
and symptoms relieved transiently. Over the next 3 days, fever
with severe headache and fatigue recurred, and he was admitted
to our hospital.

Case 3, a 10-year-old boy went to ER because of continuous
fever, speech disorder and convulsion. Cranial MRI indicated ab-
normal lesions in left frontal parietal junction (Fig. 1(C)). His CSF
examinations revealed increased leucocyte count (31 x 108 cells/L)
with normal glucose and protein level. Empirical antibiotic treat-
ment including intravenous cefepime, ganciclovir were adminis-
tered but symptoms were not relieved.

Case 4, a 13-year-old previously healthy boy went to local
hospital for intermittent fever with headache. His temperature
peak was 39.1 °C with severe headache and personality change.
His blood routine test showed increased white blood cell count
(13.94 x 10°/L), with 87.5% granulocytes. CRP was 68 mg/L. His cra-
nial MRI showed the circular abnormal signal in the left frontal
lobe (Fig. 1(D)). Ceftriaxone and mannitol were prescribed, but
failed to relieve the symptoms.

All 4 patients were then transferred to our hospital, NGS and
culture of abscess samples were performed. Pathogenic informa-
tion of brain abscess samples from 4 patients are summarized
in Fig. 1 and Table 1. All the four patients were treated with
antibiotics before admitted to our hospital, however, NGS detected
Bacteroides fragilis in patient 1, Streptococcus intermedius and
Streptococcus constellatus in patient 2, Streptococcus intermedius in
patient 3, and Prevotella oralis, Fusobacterium nucleatum and Strep-
tococcus intermedius in patient 4, consistent with the simultaneous
abscess samples culture results in patient 1 and patient 2. Our
study showed being applied to brain abscess samples, mNGS could
yield a higher sensitivity for pathogen identification and is less
affected by prior antibiotic exposure.

For patient 1 and patient 2, whose culture of abscess sam-
ples were positive, the sequencing reads (5165, 5566) of Bacteroides
fragilis and Streptococcus intermedius, respectively, were higher than
those of other two culture-negative patients. For patient 2, al-
though he had a long present history about thirty days when ad-
mitted to our hospital, his reads of NGS was still high, which may
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Fig. 1. Cranial MRI/CT findings of 4 patients.

An axial T2-weighted image of cranial MRI revealed the circular abnormal signal in the left frontal lobe with liquid plane in the cyst and compressive displacement of
midline structure, bilateral frontal lobes and lateral ventricle (Panel A).

An cranial enhanced CT revealed the cystic space-occupying lesions in the left cerebral hemisphere with wall enhancement, peripheral brain edema and right shift of midline
structure (Panel B, the patient with metal implants after cardiac surgery should not undergo MR examination).

An axial T1 cranial MRI revealed the circular enhanced signal in the left fronto-parietal junction area and the patchy long T1 signal in the left fronto-parietal white matter.
The left fronto-parietal temporal meninges were thickened and enhanced (Panel C).

An axial T2 flare cranial enhanced MRI showed uneven thickness of the left frontal lobe lesion wall, circular enhancement, mild enhancement of the surrounding brain
parenchyma, lesions involving the hypothalamus, and perifocal edema. Left frontal meningeal thickening and enhancement (Panel D).

Table 1
Pathogenic and antimicrobial treatment information of four patients with brain abscess.
No. Age NGS results Culture results Antimicrobial treatment
Bacteria (reads) Virus/Fungi/ Common bacteria  Anaerobic bacteria Before NGS After NGS
Parasite culture culture
1 2-month-old Bacteroides fragilis (5165) None None Bacteroides fragilis Meropenem and Meropenem
Bacteroides xylanisolvens (131) Vacomycin

Alistipes shahii (9)
Alistipes finegoldii (3)
Odoribacter planchnicus (18)
Porphyromonas gingivalis (4)
2 5-year-old Streptococcus intermedius (5566) None Streptococcus Streptococcus Meropenem and Vancomycin
Streptococcus constellatus (143) intermedius intermedius Vacomycin
Fusobacterium 4 (23)
Fusobacterium 3 (3)
Campylobacter curvus (8)
Filifactor alocis (8)

3 10-year-old  Streptococcus intermedius (139) None None None Ceftriaxone and Ceftriaxone and
Streptococcus constellatus (3) vancomycin and metronidazole
metronidazole
4 13-year-old  Prevotella oris (32) None None None Ceftriaxone and Ceftriaxone and
Fusobacterium nucleatum (3) vancomycin and vancomycin and

Streptococcus intermedius (3) metronidazole metronidazole
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demonstrate the good diagnostic value of NGS applied in samples
of abscess.

Any delay precision antimicrobial treatment may lead to poor
outcome of brain abscesses, unnecessary broad-spectrum antibiotic
usage and induce antibiotic resistance. With the NGS detection,
all the four patients were treated with the appropriate antibiotic
treatment timely (Table 1). All the patients were completely recov-
ered after all.

Currently, NGS is a comprehensive approach for sequence-based
identification of pathogenic microbes.>-® However, reports on the
use of NGS in the field of internal organ abscesses,’8 especially
brain abscesses, are really rare. Kommedal et al.° reported fifty-
two surgical samples of brain abscess were detected by massive
parallel sequencing (MPS) and Aggregatibacter aphrophilus, Fusobac-
terium nucleatum, and Streptococcus intermedius or combinations
of them were found in all spontaneous polymicrobial abscesses.
This strengthen was once again confirmed by our study. Hence, for
patient 4, although the reads of NGS were low (Table 1), we still
believed that Prevotella oralis, Fusobacterium nucleatum and Strep-
tocuccus intermedius were causative pathogens. Furthermore, the
abscess sample of patient 4 was got at his convalescence, so the
low reads of NGS could be explained by Ai’'s> and Guo’s' opinion
that NGS may have the potential to be an encouraging tool by re-
flecting disease states through its semi-quantitive surveillance of
pathogen loads.

But, in study of Kommedal et al., bacterial 16S rRNA genes were
amplified directly from the specimens and sequenced using Ion
Torrent technology, which is different from the new generation of
high-throughput and low-cost sequencing technology what we dis-
cussed in our study.

In this study, we originally performed metagenome analysis by
NGS on brain abscess from four patients, which is more rapid and
more comprehensive than conventional NGS. Our study demon-
strated the rapid and comprehensive diagnostic ability of NGS in
identifying unknown etiology from samples of brain abscess, and
displayed the possible potential that NGS is about to provide the
diagnostic tools that can characterize even the most complex mi-
crobial communities during brain abscesses and is less affected by
prior antibiotic exposure.

Declaration

We confirm that each individual named as an author meets the
journal’s criteria for authorship and neither the entire paper nor
any part of its content has been published or accepted elsewhere.
It is not being submitted to any other journal.

Funding

This work was supported by National Science and Technology
Major Project of China (No. 2018ZX10305409) and with the special
fund of the Pediatric Medical Coordinated Development Center of
Beijing Municipal Administration of Hospitals (No. XTZD20180501),
Beijing Hospital Authority “Dengfeng” Talent Training Plan
(DFL 20181201).

Conflict of interest

No potential conflicts of interest.

Acknowledgments

Written consent for publication was obtained from the patient’s
family.

References

1. Guo L., Feng W, Liu G., Dong J., Guo X,, Liu B. The advantages of next-gener-
ation sequencing technology in the detection of different sources of abcess. |
Infect 2019;78(1):75-86. pii: S0163-4453(18)30357-8.

2. Ai ], Zhang H., Cui P, Xu B, Gao Y., Cheng Q. et al. Dynamic and direct
pathogen loads surveillance to reflect disease progression and therapeutic effi-
cacy in central nervous system infection using a novel semi-quantitive sequenc-
ing platform. J Infect 2018;76(3):307-10 PMID: 29146298.

3. Miao Q., Hu J., Ma Y., Wang Q., Pan ., Zhang Y., et al. Microbiological diagnos-
tic performance of metagenomic next-generation sequencing when applied to
clinical practice. CID 2018;67(2):231-40 PMID: 30423048.

4, Brown J.R.,, Bharucha T., Breuer ]. Encephalitis diagnosis using metagenomics:
application of next generation sequencing for undiagnosed cases. | Infect
2018;76(3):225-40 PMID:29305150.

5. Grumaz S., Stevens P, Grumaz C., Decker S.0., Weigand M.A., Hofer S.,
et al. Next-
generation sequencing diagnostic of bacteremia in septic patients. Genome
Med 2016;8(1):73 PMID:27368373.

6. Guo L, Liu G, Li Y., Liu L, Wu H., Zhou ]., et al. Detection of pediatric bacterial
meningitis pathogens from cerebrospinal fluid by next-generation sequencing
technology. J Infect 2018. pii: S0163-4453(18)30357-8.

. Kuroda M., Sekizuka T., Shinya F.,, Takeuchi F,, Kanno T, Sata T., et al. Detection
of a possible bioterrorism agent, Francisella sp., in a clinical specimen by use
of next-generation direct DNA sequencing. J Clin Microbiol 2012;50(5):1810-12
PMID:22337979. PMCID:PM(C3347159.

8. Gong L., Huang Y.T., Wong CH. Chao W.C, Wu ZY., Wei CL., et al. Cul-
ture-independent analysis of liver abscess using nanopore sequencing. PLoS One
2018;13(1):e0190853 PMID:PMCID: PMC5760015.

9. Kommedal @., Wilhelmsen M.T., Skrede S., Meisal R., Jakovljev A., Gaustad P,
et al. Massive parallel sequencing provides new perspectives on bacterial brain
abcesses. J Clin Microbiol. 2014;52(6):1990-7 PMID:24671797.

~

Hui-li Hu', Ling-yun Guo'

Key Laboratory of Major Diseases in Children, Ministry of Education,
Department of Infectious Diseases, Beijing Children’s Hospital, Capital
Medical University, National Center for Children’s Health, No. 56 Nan
Lishi Road, Beijing 100045, China

Hong-long Wu

Binhai Genomics Institute, Tianjin Translational Genomics Center,
BGI-Tianjin, BGI-Shenzhen, Tianjin, China

Wuhan National Laboratory for Optoelectronics, Huazhong
University of Science and Technology, Wuhan, Hubei, China

Wen-ya Feng, Tian-ming Chen, Gang Liu*

Key Laboratory of Major Diseases in Children, Ministry of Education,
Department of Infectious Diseases, Beijing Children’s Hospital, Capital
Medical University, National Center for Children’s Health, No. 56 Nan
Lishi Road, Beijing 100045, China

*Corresponding author.
E-mail address: liugangbch@sina.com (G. Liu)

1 Both authors are co-first authors and contributed equally to
this work.

Accepted 13 January 2019

Available online 16 January 2019

https://doi.org/10.1016/j.jinf.2019.01.003

© 2019 The British Infection Association. Published by Elsevier
Ltd. All rights reserved.


https://doi.org/10.13039/501100009601
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30007-6/sbref0009
mailto:liugangbch@sina.com
https://doi.org/10.1016/j.jinf.2019.01.003

	Six amino acids of VP1 switch along with pandemic of CV-A6-associated HFMD in Guangxi, southern China, 2010-2017
	 Conflicts of interest
	 Acknowledgments
	 Supplementary material
	 References

	Invasive meningococcal disease as a cause of sudden and unexpected death in a teenager: The public health importance of confirming the diagnosis
	 Consent for publication
	 Funding
	 Competing interests
	 Acknowledgements
	 References

	Diagnosing urinary tract infection in older people
	 Conflict of interest
	 References

	The clinical significance of thrombocytopenia complicating sepsis: A meta-analysis
	 Ethics approval and consent to participate
	 Consent for publication
	 Conflict of interests
	 Funding
	 Authors' contributions
	 Authors' information (optional)
	 Acknowledgments
	 Availability of data and material
	 References

	Detection of pediatric bacterial meningitis pathogens from cerebrospinal fluid by next-generation sequencing technology
	 Author contributions
	 Funding
	 Conflict of interest
	 Acknowledgments
	 Supplementary material
	 References

	Evaluation of next-generation sequencing for the pathogenic diagnosis of children brain abscesses
	 Declaration
	 Funding
	 Conflict of interest
	 Acknowledgments
	 References


