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Table 1 

Evaluation of the efficacy of a dual carbapenem combination against 

carbapenemase-producing Acinetobacter baumannii. 

Strain Country of isolation Carbapenemases MIC (mg/L) FIC 

IPM MEM 

R629 France OXA-23 64 128 0.50 

R625 France OXA-23 32 64 0.50 

R628 France OXA-23 32 32 0.75 

R627 Bahrein OXA-23 32 32 1 

R622 France OXA-23 64 64 0.75 

R626 Bahrein OXA-23 32 64 0.75 

R623 Saudi Arabia OXA-23 32 64 0.50 

R624 Colombia OXA-23 8 64 1 

N715 France OXA-23 16 16 0.75 

N688 Switzerland OXA-23 32 32 1 

N690 Switzerland OXA-23 64 64 0.50 

R703 Brazil OXA-40 64 64 0.60 

R704 France OXA-40 64 64 0.60 

R824 Turkey OXA-58 32 64 0.50 

R825 Romania OXA-58 32 8 0.75 

N7 Switzerland OXA-72 64 128 0.75 

N420 Switzerland NDM-1 8 8 0.60 

N15 Switzerland NDM-1 32 32 0.75 

R32 France NDM-1 32 32 0.60 

R34 France NDM-1 16 64 0.50 

N655 Switzerland NDM-1 64 64 1 

N739 Switzerland NDM-5 128 64 0.60 

R71 France IMP-4 16 32 0.75 

IPM: Imipenem; MEM: Meropenem. 
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ir, 

Russo and colleagues, in this Journal, recently reported a multi-

enter study of bloodstream infections caused by carbapenem-

esistant A. baumannii (CRAb). 1 This underlines that the spread

f CRAb is becoming a major public health concern, being listed

mong the top three priorities for multidrug-resistant bacteria

f the World Health Organization. 2 , 3 It is known that almost all

arbapenem-resistant A. baumannii produce a carbapenemase. 3 

he types of carbapenemases encountered are mostly specific

o the Acinetobacter genus. 2 , 3 These are mainly Ambler class

 ß-lactamases possessing carbapenemase activity such as the

verexpressed and naturally-occurring OXA-51 and the acquired

nzymes of the OXA-23-, OXA-40- and OXA-58-types as well

s the rare OXA-143. 3 The OXA-23-type enzymes are the most

idespread carbapenemases in A. baumannii . 3 In addition, few

ther carbapenemases have been identified in A. baumannii , cor-

esponding to the Ambler class A ß-lactamases of the KPC-type,

nd the Ambler class B metallo-ß-lactamases of the IMP, VIM and

DM types. 3 The CRAb clinical isolates are in their vast majority

esistant to many other important antibiotics such as all ß-lactams,

uoroquinolones and aminoglycosides, making related infections

hallenging to treat. As opposed to carbapenem-resistant Enter-

bacterales, the prevalence of CRAb among Acinetobacter sp is

uite high, ranging from 40 to 80%,worldwide. 4 

None of the novel ß-lactam/ß-lactamase inhibitor combi-

ations currently available (ceftazidime/avibactam, ceftolozane/ 

azobactam, imipenem/relebactam, meropenem/ varbobactam) are 

fficient for treating infections due to CRAb since none of those

ntibiotics is active against class D carbapenemase producers.

herefore, very few therapeutic options are available currently

or treating MDR A. baumannii , 1 , 5 and most of them include

ntibiotic combinations with polymyxins or tigecycline which ef-

cacy remains debatable. 1 In addition, polymyxins and tigecycline

olecules raise concern of poor diffusion and possible toxicity. 

Early studies performed using animal models of infections or

xperimental treatments of humans indicate that dual-carbapenem

ombinations may be efficient for treating infections due to KPC

nd NDM producing Enterobacterales, and particularly Klebsiella

neumoniae . 6–10 Further in-vitro and in-vivo studies validated

hose findings. 6–9 The rationale of using two carbapenems (in

articular ertapenem with another carbapenem) would be that

rtapenem may bind to the active site of the carbapenemase with

igh affinity, and therefore may prevent the hydrolysis of the

ther carbapenem molecule. The mode of action of these dual

b  

ttps://doi.org/10.1016/j.jinf.2019.10.003 

163-4453/© 2019 The British Infection Association. Published by Elsevier Ltd. All rights r
ombinations would be somehow similar to that of amoxicillin or

eftazidime combined with the ß-lactamase inhibitors clavulanic

cid or avibactam, respectively. 

To the best of our knowledge, dual carbapenem combinations

ave never been tested against carbapenemase-producing A. bau-

annii . Therefore, our goal was to evaluate the in-vitro activity of

 dual carbapenem combination, i.e. imipenem and meropenem,

gainst A. baumannii isolates producing different types of car-

apenemases. Imipenem and meropenem were retained since

hose carbapenems are widely used for treating infections caused

y A. baumannii . Ertapenem was not tested since A. baumannii

s naturally resistant to ertapenem, likely related to its weak

enetration through the outer membrane. 

A collection of twenty three non-clonally related A. bau-

annii isolates recovered from clinical samples from Barhein,

razil, Colombia, France, Saudi Arabia, Switzerland, and Turkey

as tested. All the isolates were non susceptible to imipenem

nd meropenem ( Table 1 ). Following the latest EUCAST break-

oints ( http://www.eucast.org/ ), isolates with MIC values of

mipenem and meropenem ≤ 2 mg/L are categorized as suscepti-

le, whereas those with MICs of imipenem > 4 mg/L or and MIC of
eserved. 

https://doi.org/10.1016/j.jinf.2019.10.003
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2019.10.003&domain=pdf
http://www.eucast.org/
https://doi.org/10.1016/j.jinf.2019.10.003
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meropenem > 8 mg/L are considered resistant. The nature of the

carbapenemase produced by each isolate was characterized at the

molecular level. Our collection included eleven OXA-23, two OXA-

40, two OXA-58, one OXA 72, six NDM and one IMP producers

that mirrors the variety of acquired carbapenemases identified

in A. baumannii and their distribution worldwide ( Table 1 ).

Fractional inhibitory concentration (FICs) index were calculated

according to the following formula, �FIC = FIC of imipenem + FIC

of meropenem where FIC of imipenem or meropenem = MIC

of imipenem or meropenem in combination, divided by the

MIC of https://www.ncbi.nlm.nih.gov/pubmed/?term=NDM+egypt

imipenem or meropenem alone. Interpretation of the results was

based on the following; FIC values of ≤ 0.5 indicate synergy, FIC

values of > 0.5 to 4 indicate no interaction, and FIC values > 4

indicate antagonism. 11 

Six out of the twenty three isolates tested showed synergy

activity of imipenem and meropenem (ca. 25%) whereas the

combination of imipenem and meropenem were indifferent for

the other tested carbapenemase-producing isolates. Among the six

isolates for which a synergy was identified, different types of car-

bapenemases were produced. No antagonism between imipenem

and meropenem was identified for any of the isolates. 

The rate of in-vitro synergy observed between imipenem and

meropenem for those CRAb corresponds to that identified for

carbapenemase-producing K. pneumoniae . 11 In addition, we iden-

tified here a synergy for a single A. baumannii isolate producing

NDM-1 whereas that synergy as determined by the results of th

FIC values was not identified for any of the NDM-1-producing K.

pneumoniae tested previously. 11 

Our study suggests that dual carbapenem combination may be

effective, to some extent, against some carbapenemase-producing

A. baumannii . This dual combination may therefore work in some

cases to inhibit not only the activity of carbapenemases of class A

(KPC) and class B (NDM) as known in Enterobacteriales. but also

of those peculiar class D carbapenemases specific to A. baumannii

(OXA-23, OXA-40 and OXA-58). Due to the dearth of novel antibi-

otics for treating infections due to MDR A. baumannii, this dual

carbpenem combination may offer an alternative since all MDR A.

baumannii produce a carbapenemase. By targeting the inactivation

of the carbapenemase, we are targeting actually the MDR pattern

of those strains. 

Further investigations using animal models of infection and

clinical trials are required to further establish this treatment as an

alternative against MDR A. baumannii . 
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specially in the Asia-Pacific region. The symptoms of HFMD are

enerally mild, which include fever, blisters on the hands and feet,

nd ulcers inside or around the mouth. However, some infectors

r developed serious neurological or systemic complications, even

atal. In order to improve early recognition of severe cases, which

s utmost important in diagnosis and treatment of patients with

FMD, a new Chinese guidelines for the diagnosis and treatment

f HFMD (2018 edition) was issued in 2018. 2 Timely and accurate

ecognition of stages 2 and 3 of HFMD is critical for the diagnosis

nd treatment of severe cases. 

Besides EV-A71 and Coxsackievirus A16 (CV-A16), CV-A6 has

een a major, even dominant pathogen for HFMD in China main-

and since 2013. Moreover, the percent of severe cases caused

y CV-A6 has gradually increased in recent years. 3 However, the

etail for the association between clinical features and pathogens,

specially for severe HFMD cases, are still need to be explored. 

The Guangxi autonomous region in southern China has been

ne of the top three provinces most affected by HFMD in China

ince 2008. 4 In Guangxi, severe HFMD cases reported in 2017 had

ighly increased compared with those in 2015 or 2016. 1 How-

ver, the clinical, epidemiological, and pathogenic characteristics of

hese severe HFMD cases are still unknown. This study focused on

haracterizing major clinical aspects and the pathogen spectrum

f severe HFMD cases in Wuzhou city, with the proportion of se-

ere cases reported accounting for as high as 70.20% of total severe

ases in Guangxi, 2017. 

HFMD case-reporting criteria was based on the national guide-

ines for the control and prevention of HFMD (issued by the

inistry of Health in China (2009)). The diagnosis criteria for

FMD and laboratory test procedures was followed the HFMD

linical Diagnosis and Treatment Guidelines (2018 edition). There

re five HFMD clinical stagings, including stage 1 (Eruption), stage

 (Nervous system involvement), stage 3 (Early cardiopulmonary

ailure), stage 4 (Cardiopulmonary failure), and stage 5 (Recover).

atient of clinical stage 1 belongs mild case and stage 2–4 are

evere cases. Clinical specimens (stool, rectal swabs or throat

wabs) were collected and then Enterovirus were detected. All

nalyses were performed using R (R Foundation for Statistical

omputing, Vienna, Austria; https://www.r-project.org/ ). The

 values from Fisher’s exact test were adjusted for multiple testing

ith BH method. In the 2 by 2 cases, greater and less alterna-

ive hypothesises were tested and adjusted respectively, and the

maller q values for each comparison was employed. 

The Guangxi autonomous region is located in southern China

nd Wuzhou is a city adjacent to Guangdong province (Fig. S1A,B).

here were a larger amount of reported cases as well as severe

ases in 2017 compared with 216 in wuzhou city (Fig. S1C,D). A

otal of 23,075 clinical cases, with 2615 severe cases and 1 fa-

al case, were reported in Wuzhou city from January to December

017. Non-EV-A71 and CV-A16 enterovirus become the dominated

athogens in 2013, 2015, and 2017 (Fig. S1E). 

From January to December 2017, 2350 severe HFMD cases, with

194 clinical stage 2 and 156 clinical stage 3 cases in wuzhou city

ere enrolled in this study. The major clinical features of these

evere cases were included respiratory tract infection and neuro-

ogical symptoms. Poor mental condition, rash on hand, foot, and

outh, and fever were the top three most frequent symptoms for

oth stage 2 and 3 cases ( Fig. 1 A). Comparing with stage 2 cases,

ine symptoms occurred more frequently in stage 3 cases, such as

ash on hand, foot, and mouth, fever, startle, rash on buttock, arms

r legs, trunk, heart rates > 120, vomiting, limb tremors, twitching,

nd ecphysesis (all q < 0.05). Meanwhile, poor mental condition

nd dysphoria were happened less frequently in stage 3 cases than

tage 2 cases ( q < 0.05). 

There was a network representing co-occurrence of clinical

eatures in the patients with HFMD clinical stage 2 or 3. The red
ines indicated significantly positive correlations while the green

ines represented significantly negative correlations ( q < 0.05)

 Fig. 1 B). For stage 2 cases, poor mental condition and rash or

ash on hand, foot, and mouth were the most common paired

igns (93.97%, and 93.51%, respectively), followed by dysphoria and

oor mental condition or fever (82.29%, and 73.06%, respectively).

he frequencies for paired signs of startle and rash or rash on

and, foot, and mouth were 60.96% and 60.92%, respectively.

n contrast, for stage 3 cases, fever and startle were the most

ommon paired signs (75.66%), followed by heart rates > 120 and

tartle or rash on buttock, arms or legs, trunk (47.69%, and 37.86%,

espectively). 

The stage 2 cases occurred all the year round with two peaks

uring April to June and August to October ( Fig. 1 C). While the

tage 3 cases occurred during March to September. The average age

nd the median age of onset were 22-month and 18-month old

or stage 2 cases, 21-month and 16.5-month old for stage 3 cases,

espectively. Age distribution showed that children under 5 years

ld accounted for more than 90% of stage 2 or 3 cases ( Fig. 1 D).

e found 13 to 24-month-old represented the highest incidence in

oth stage 2 and 3 cases, and then, 7 to 12-month-old represented

he second highest incidence of these severe cases. There was no

ignificantly difference on the age distribution between stage 2 and

 cases ( p = 0.2004). 

RNA extraction and detection of pathogens (pan-EV, EV-A71,

V-A16, C-A6 and CV-A10) detection was performed as previously

escribed. 4 Sample with positive for pan-EV but negative for

V-A71, CV-A16, C-A6 and CV-A10 was considered to be other

V positive. A total of 1704 HFMD cases were positive for en-

eroviruses, including 635 cases (37.26%) positive for CV-A6, 621

36.44%) positive for EV-A71, 236 (13.84%) positive for CV-A10,

 (0.23%) positive for CV-A16, and 141 (8.27%) for other EV. For

linical stage 2 cases, the dominated pathogen was CV-A6 ( n = 298,

5.71%), followed by EV-A71 ( n = 176, 26.99%) ( Fig. 2 A). However,

he predominated pathogen became EV-A71 ( n = 17, 45.95%), and

he second causative agent was other EV ( n = 9, 24.32%) in clinical

tage 3 cases ( Fig. 2 B). The percents of CV-A10 positive cases were

imilar both in stage 2 and 3 cases (16.10% and 16.22%), while the

roportion of EV-A71, CV-A6 and other EV were variant between

tage 2 and 3 cases. 

In our study, EV-A71 was prevalent at June to September,

ith a peak at July for stage 2 cases and two peaks at July and

eptember, respectively, for stage 3 cases. In contrast, CV-A6 oc-

urred during July to November, with a shark peak at October for

tage 2 cases, and with a small peak at August for stage 3 cases

 Fig. 2 C-D). Meanwhile, CV-A10 and other EV mainly presented at

uly to October. The age distribution among different pathogens

ere similar ( p = 0.092), that was 13 to 24-month-old represented

he highest incidence and followed by 7 to 12-month-old ( Fig. 2 E).

We wonder whether different pathogens contribute to dif-

erent symptoms, so we analyze the symptom among four key

athogens. For clinical stage 2 cases, compared to CV-A6 positive

ases, EV-A71 and CV-A10 positive cases had higher incidence of

tartle (71.75%, 65.71%, and 40.94%, respectively, q = 0.0 0 0), heart

ates > 120 (24.86%, 27.62%, and 15.44%, respectively, q = 0.0142)

 Fig. 2 F). While CV-A6 positive cases had higher frequency of

onvulsions (8.05%, 0.56%, and 2.86%, respectively, q = 0.0048)

han EV-A71 and CV-A10. For clinical stage 3 cases, there was no

ignificant difference between different pathogens. 

Then the clinical symptom preference of pathogens were ex-

lored ( Fig. 2 G). For clinical stage 2 cases, CV-A6 tend to cause

ore coughing and convulsions, and less symptoms of rash on

and, foot, or mouth, startle, and heart rates > 120. In contrast,

V-A71 and CV-A10 tend to contribute startle. In addition, EV-A71

end to cause less symptoms of coughing and rash on buttock,

rms or legs, trunk. 

https://www.r-project.org/
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Fig. 1. The arc diagram of symptoms and signs of patients with stages 2 and 3 severe HFMD (A-B). The red lines indicated significantly positive correlations while the green 

lines represented significantly negative correlations ( q < 0.05). Monthly distribution and age distribution of stages 2 and 3 cases (C-D). 
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surveillance. 
There are five clinical stages according to the Chinese newest

diagnosis and treatment criterion (2018 edition), with stage 1

considered to be mild cases and stage 2–4 to be severe cases.

Subdividing the stages of severe cases are distinctly helpful for

diagnosing and preventing from developing critical illness and

even death. Among 9 symptoms happened more frequently in

stage 3 than stage 2, rash on buttock, arms or legs, trunk, heart

rates > 120, limb tremors, twitching, and ecphysesis are at least

two fold higher happened in stage 3 cases, which may facilitate

clinical diagnosis. 

In our study, the proportion of fever, cough, vomiting and dys-

phoria in stage 2 and 3 severe cases are much higher than those

for mild cases. 5 Relatively mild neurological symptoms, as well as

hardly any respiratory and circulatory symptoms of severe cases

are observed in clinical stage 2 and 3 cases. There are more neu-

rological, respiratory and circulatory symptoms occurred in severe

cases in previous study 6 than our study, in which more stage 3

and 4 cases were enrolled, than our study. 

Our findings are consistent with previous results. One of sim-

ilar results is the incidence of rash on hand or foot among CV-

6-associated cases was significantly lower than EV-A71-associated

cases. The second similar results is the incidence of twitching,

which is higher in CV-A6-associated cases than EV-A71-associated
ases. 6 There is also no significant difference in the incidence of

omiting and cough in our study and previous results. 

For stage 2 cases, beside rash, the incidences of startle and

eart rates > 120 are also lower in CV-A6-associated cases than

V-A71-associated cases or CV-A10-associated cases. In contrast,

he incidence of convulsions and limb tremors are higher in CV-

6-associated cases than EV-A71-associated cases. Thus, the dif-

erences in symptoms preference may exist in different pathogens

nd it is still needed further exploration. 

There are significant difference for mild cases in age distribu-

ion between EV-A71 and CV-A6, 7 but no difference for severe

ases in our study and previous finding. 8 The monthly distribution

f pathogens are total different. EV-A71 are mainly occurred

n summer (April to July) most CV-A6 circulated at autumn

August to November). 1 , 6 , 8 

Recently, CV-A6 and CV-A10 have become major pathogens not

nly for mild cases, 1 , 9 but also for severe cases. 3 Overall, EV-A71

nd CV-A6 became the dominant pathogens for clinical stage 2

nd 3 HFMD cases, with mild neurological symptoms, in Guangxi,

outhern China, 2017. This study provides further insights into

he relationship between clinical features and pathogens of severe

FMD, and it will be helpful for HFMD diagnosis and pathogenic
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Fig. 2. The EV genotypes of stages 2 and 3 cases in wuzhou, 2017 (A-B). Monthly distribution (C-D) and age distribution of different pathogens (E) for stages 2 and 3 cases. 

The clinical features of stages 2 and 3 cases for different pathogens (F) and the potential symptoms preference of different pathogens (G). The red lines indicated significantly 

positive correlations while the green lines represented significantly negative correlations ( q < 0.05). 
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Carbapenem/ β-lactamase inhibitor combination in 

complicated urinary tract infection 
rganism (MDRO). First one showed inappropriate empirical an-

ibiotics and KPC carbapenemase-producing Klebsiella pneumonia

ould be associated with increased risk of treatment failure in

TI due to K. pneumoniae . 1 Second one demonstrated the high

fficacy of colistin for the treatment of complicated urinary tract

nfection (cUTI) caused by extremely drug resistant Pseudomonas

eruginosa, however, the risk of nephrotoxicity remained a serious

oncern. 2 Actually, therapeutic option in the treatment of cUTI

aused by MDRO is limited, 3–5 and it is an urgent issue to develop

n novel agent which is effective and safe in this difficult clinical

ondition. Recently, the development of novel carbapenem/ β-

actamase inhibitor combination - imipenem-relebactam and

eropenem-vaborbactam may be one of resolution. In 2019,

hree phase 3 randomized studies -TANGO I, TANOG II and

ESTORE-IMI 1 investigating the clinical efficacy and safety of

hese novel carbapenem/ β-lactamase inhibitor combinations was

ublished. 6–8 Therefore, we extracted the findings of patients

ith cUTI/acute pyelonephritis (APN) from these three studies and

onducted an integrated analysis to evaluate the usefulness of -

mipenem-relebactam and meropenem-vaborbactam. 

TANGO I compared the clinical efficacy and tolerability of

eropenem-vaborbactam or piperacillin-tazobactam in the

reatment of adult patients with cUTI/APN. 6 TANGO II com-

ared the effect and safety of meropenem-vaborbactam and

est-available therapy (mono- or combination therapy with

olymyxins, carbapenems, aminoglycosides, tigecycline; or

eftazidime-avibactam alone) in the treatment of adult patients

ith confirmed/suspect carbapenem-resistant Enterobacteriaceae

CRE) infections. 8 RESTORE-IMI 1 compared the usefulness of

mipenem-relebactam and colistin plus imipenem in patients with

mipenem-nonsusceptible bacterial infection. 7 

In this study, we used microbiologic modified intent-to-treat

mMITT) population included all cUTI/APN patients in the modified

ntent-to-treat (MITT) population had a baseline qualifying bacte-

ial pathogen to assess the overall response. In addition, we used

he MITT population comprised all patients with all type of infec-

ions who received 1 or more doses of study drug to evaluate the

isk of adverse events. 

First, there was no significant difference in terms of overall

esponse at test of cure (TOC) between carbapenem/ β-lactamase

nhibitor combination and comparator (risk ratio [RR], 0.99,

5% CI, 0.82–1.20) in the pooled analysis of three trials. 6–8 

econd, only two studies 6 , 8 reported the overall response at

nd of treatment (EOT) and the pooled analysis showed that

arbapenem/ β-lactamase inhibitor combination was better than

omparator (RR, 1.05, 95% CI, 1.01–1.10). Third, only TANGO I and

I trials 6 , 8 reported the clinical response rate at EOT and TOC,

nd the pooled analysis showed that carbapenem/ β-lactamase

nhibitor was associated with similar clinical response rate than

nd comparator at EOT (RR, 1.05, 95% CI, 1.01–1.09) and TOC (RR,

.05, 95% CI, 0.98–1.13). Forth, microbiological eradication rate was

eported in TANGO I 6 and RESTORE-IM 1, 7 and carbapenem/ β-

actamase inhibitor was noninferior to comparator in the terms

f microbiological eradication rate at EOT (RR, 1.06, 95% CI, 1.02–

.11) and TOC (RR, 0.98, 95% CI, 0.70–1.38). Finally, the safety

nalysis of three trials 6–8 showed that carbapenem/ β-lactamase

nhibitor combination had a similar risk of i) treatment emer-

ent adverse events (TEAEs) (RR, 0.96; 95% CI, 0.81–1.14), ii)

ny serious adverse events (RR, 0.68; 95% CI, 0.33–1.43), iii)

iscontinuation of study drug due to TEAE (RR, 0.51; 95% CI,

.23–1.13), iv) drug-related TEAE (RR, 0.76; 95% CI, 0.42–1.40),

) death (RR, 0.72, 95% CI, 0.35–1.50) when compared with the

ontrol group. In contrast, carbapenem/ β-lactamase inhibitor

ombination was associated with lower risk of and treatment

mergent nephrotoxicity (RR, 0.25; 95% CI, 0.08–0.78) than

omparator. 
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In this Journal, Scobie and colleagues recently emphasized the

ontinuing high mortality associated with listeriosis. 1 Most cases

ccurred in people over 60 years of age (74%) with only a few cases

n children (1%). However, this pattern is expected to be different

n least developed countries, such as Mali. While using microbial

ulturomics and 16S amplicon sequencing approaches to decipher
In conclusion, carbapenem/ β-lactamase inhibitor combination

xhibits comparable efficacy with comparator and is tolerable in

UTI/APN, so it can be recommended as one potential therapeutic

ption in this critical condition. 
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isteria monocytogenes in human milk in Mali: 

 potential health emergency 
he human milk microbiota in Mali and France, we serendipitously

solated Listeria monocytogenes from healthy Malian mothers living

n an area endemic for severe acute malnutrition. 

Perinatal listeriosis represented one fifth of all cases (21%) and

as been associated with amnionitis, leading to respiratory symp-

oms, meningitis and death among newborns. 2 While placental in-

ection has been well documented, maternal milk has been ne-

lected as a potential source of L. monocytogenes infection and

revalence in human milk has not been investigated. 1–3 Although

ne transmission from mother’s milk to her baby with neonatal

nfection has been reported, 4 it is not known to be part of the hu-

an milk microbiota repertoire. 3 

Over the past 10 years, we have developed a polyphasic ap-

roach to the study of the human microbiota by combining cul-

uromics and 16S amplicon sequencing, 5 two approaches that ex-

lude a priori hypotheses and identify unexpected outbreaks. To

xplore the milk microbiota diversity across geography, ten healthy

actating mothers were recruited in Mali (at Kalabancoro Vaccina-

ion and Healthy Children Surveillance Unit, Kalabancoro, a sub-

rb of Bamako), which is a known area with high prevalence of

hildren suffering from severe acute malnutrition) and 144 in Mar-

eille (neonatology unit of the Hôpital de la Conception and Hôpi-

al Nord). Milk samples were collected in sterile tubes by man-

al pressing after skin cleaning with sterile water and antiseptic

gent. Written consents have been obtained and the study was ap-

roved by the local ethics committee in France and in Mali. In the

resent study, two conditions were used in relation to the small

olume, including incubation in blood culture bottle with rumen

nd sheep blood, in aerobic and anaerobic atmosphere at 37 °C. 5 

ll phenotypic analyses of colonies isolated in this study were

erformed by matrix assisted laser desorption ionization–time of

ight (MALDI-TOF). All samples were also analyzed by v3v4 16S

mplicon sequencing as previously reported. 6 The specific L. mono-

ytogenes PCR targeting the hly gene was directly performed on

pecimen as previously described. 7 In parallel, specimens were en-

iched in Fraser broth and incubated during 24 h at 37 °C and 48 h

t 4 °C. Broths were then subcultured on Columbia agar and PAL-

ALM medium at 37 °C. Specimens were also directly inoculated

nto solid PALCAM medium (at 37 °C and 4 °C). Species identifi-

ation was confirmed by genome sequencing and analysis of the

6S and rpoB gene, digital DNA-DNA hybridization, and average

ucleotide identity as previously described. 8 The assembly of the

trains was performed with Spades and annotated with Prokka.

verage nucleotide identity was calculated using orthoANI ( http:

/www.ezbiocloud.net/sw/oat ). The pangenome of the 8 strains iso-

ated in this study and the representative genome of L. monocyto-

enes (National Center for Biotechnological Information) was per-

ormed according to the presence/absence of genes using Roary. 

L. monocytogenes was detected in all the 10 included moth-

rs in Mali but in none of the 144 French mothers. Using non-

pecific methods, 9/10 were positive by culturomics and 6/10 by

3v4 16S amplicon sequencing. We confirmed the presence of vi-

ble L. monocytogenes in milk samples from Mali using specific

ulture and PCR. 4/10 samples were positive using Fraser broth

edium subsequently seeded on PALCAM medium, 4/10 with di-

ect inoculation on PALCALM medium, and 9/10 by quantitative

CR. Two strains isolated by culturomics and six strains isolated

y specific culture were available for genomic analysis, and the

igital DNA-DNA hybridization (dDDH) showed that the closest

pecies was L. monocytogenes with an 87.3% dDDH value. Average

ucleotide identity (OrthoANI values) between our strains ranged

rom 99.9 to 100%, and 98.5–98.6% with L. monocytogenes ( Fig. 1 a

nd b). OrthoANI values were much lower for other Listeria species

 < 90%, Fig. 1 a). Therefore, the genomic analysis demonstrated that

he 8 strains recovered in this study were closely related and

orresponded to the L. monocytogenes species. The pangenome
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Fig. 1. Genomic analyses of L. monocytogenes isolated from human milk in Mali. Genomic analysis confirmed that all 8 strains were closely related and corresponded to L. 

monocytogenes (average nucleotide identity of orthologous fragment pairs calculated with OrthoANI). 
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analysis including our 8 strains and the type strain confirmed that

the type strain formed an outgroup. We therefore investigated if all

the strains isolated here correspond to a clonal dissemination. All

but two strains (P9669 and P9726) harbored a plasmid (59 genes,

62,0 0 0 nucleotides), and the results of the accessory genome anal-

ysis were in support of polyclonality. 

These results suggest that L. monocytogenes could be part of the

human milk microbiota, notably in least developed countries en-

demic for severe acute malnutrition. This was confirmed by the

culture of several strains, specific culture, specific PCR, genome se-

quencing and most recent taxonomic methods. Microbial cultur-

omics 5 was critical in this discovery because it was the most sen-

sitive approach (9/10 – equal to quantitative PCR and better than

v3v4 16S amplicon sequencing) and has the unbeatable advantage

to obtain strains that can be stored, sequenced and fully charac-

terized. In a recent comprehensive literature analysis, we found

only one case reporting L. monocytogenes in human milk associ-

ated with neonatal infection. 3 , 4 Transmission of L. monocytogenes

in mammal milk is well known but has not been investigated in

humans. The prevalence of L. monocytogenes is probably neglected

in least developed countries endemic for chronic diarrhea and mal-

nutrition because L. monocytogenes is not systematically sought

in this context. Since severe acute malnutrition and chronic diar-

rhea are intimately intricated, 9 it is possible that digestive con-

tamination through breastfeeding in newborns and infants can

contribute to neonatal listeriosis, chronic diarrhea and malnutrition

in children. Confirmation of the transmission from mother to child

through human milk represents a unique and unexpected oppor-

tunity to understand and manage a possible hyperendemicity of L.

monocytogenes in the least developed countries, thus contributing

to their development. 
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ir, 

We read with attention the Letter to the Editor published by

affaele Gaeta and Valentina Giuffra accepted for publication in

he September 2019 issue of Journal of Infection. 1 We were very

urprised that the authors stated: “The picture described by the

octors is a typical case of disseminated cystic echinococcosis, a

arasitic disease caused by tapeworms Echinococcus multilocularis ”.

Cystic echinococcosis (CE) and alveolar echinococcosis (AE) are

wo completely different diseases, caused by two different species

f parasites of the genus Echinococcus ( E. granulosus for CE and E.

ultilocularis for AE), with different lif e cycles and different geo-

raphical distribution (although overlapping in some areas, espe-

ially China). 2 

Cystic echinococcosis (CE) is an infection caused by the cystic

arval stage of the parasite Echinococcus granulosus sensu lato (s.l.) . 3 

. granulosus s.l. is naturally transmitted between canids, especially

he domestic dog, and livestock, especially sheep but also goats,

igs, cattle, and camelids. E. granulosus s.l. is distributed worldwide

here livestock raising is practiced, including the Mediterranean

nd Italy. 2 The cysts of E. granulosus s.l. in humans may develop

n any organ, primarily affecting the liver and lungs; the majority

f CE cases are asymptomatic or pauci-symptomatic and the dis-

ase has mostly a chronic, often rather benign development. Symp-

oms and complications may derive from compression on neigh-

ouring structures, superinfection, and rupture, and disseminated

ystic echinococcosis is well described. 4 , 5 Cysts of E. granulosus

.l. develop as well-defined liquid-containing cysts, of various size,

rowing concentrically. 2 

E. multilocularis , on the contrary, is the causative agent of alve-

lar echinococcosis (AE). 6 E. multilocularis is endemic only in the

orthern hemisphere and its life cycle is mainly sylvatic, devel-

ping mainly between foxes and other wild canids and small ro-

ents. 2 In Italy, foxes infected with E. multilocularis have been re-

orted only in Trentino Alto-Adige, representing the southern edge

f the parasite distrbution in Europe, probably because of the dis-

ribution of competent alpine rodent intermediate hosts. 7 

The morphology of E. multilocularis lesions and AE disease be-

aviour are completely different from E. granulosus s.l. cysts and CE.

E is a devastating disease primarily affecting the liver, with malig-

ant tumour-like development and fatal outcome if not treated. 4 , 5 

he metacestode of E. multilocularis has a multicystic appearance,

orming infiltrative lesions with necrotic areas. 6 

The statement “disseminated cystic echinococcosis […] caused

y tapeworms Echinococcus multilocularis” is evidently a contra-

iction in terms. The description of the lesions reported by the

uthors from the necropsy documents of Ferdinando II de’ Medici,

heir distribution, as well as the geographical area (Tuscany) where

erdinando II was born and lived, are consistent with CE possibly

eing the described disease, which is caused by E. granulosus s.l. 

All effort s should be made by the scientific and medical com-

unity to overcome the long lasting problem of discussing CE and

E together, evidently fostering confusion and imprecision, and of

eterogeneous and ambiguous reporting of these two entities in

fficial reports. 8 , 9 
ystic and alveolar echinococcosis are two completely 

ifferent diseases caused by two different species of 

chinococcus parasites. comment ON: Disseminated cystic 

chinococcosis of Ferdinando II de’ Medici, Grand Duke of 

uscany (1610–1670) by Gaeta R, Giuffra V. J infect. 2019 

ep 4 
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Dear Editor, 

In March 2019, The Journal of Infection published our finding 1 

that live poultry markets (LPMs) is a huge antibiotic resistance

gene (ARG) reservoir, including the plasmid-mediated colistin re-

sistance gene mcr-1 , which have been in the human gut for a long

time. 2 Recently, a novel mobilized mcr-9 in a multidrug-resistant

(MDR) Salmonella enterica Serotype Typhimurium isolate was

reported. 3 The Gram-negative bacteria co-producing mcr genes

and carbapenemases limits our choice for treating MDR infec-

tions, however, tigecycline has been considered as the last-resort

antibiotic. Although tigecycline has never been used in animal

husbandry in China, two unique mobile tigecycline resistance

genes, tet (X3) and tet (X4), were firstly discovered in bacteria iso-

lated from pigs. 4 Thus, we downloaded metagenome datasets 1 , 5–10 

available and did a retrospective study to reveal the distribution of

the newly discovered tet (X), mcr and carbapenemases (Table S1)

in human and animal gut microbiomes. 

We were surprised to find that a gene with 100% nucleotide

identity with the mcr-9 gene. It is noteworthy that mcr-9 was
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Metagenomic data screening reveals the distribution 

of mobilized resistance genes tet (X), mcr and 

carbapenemase in animals and humans 
he only one identified in human gut samples (1.4%, 28/2019).

mportantly, mcr-9 was present in one American ( n = 139), nine

hinese ( n = 368), and twelve European ( n = 760) gut microbiomes

 Table 1 and Fig. 1 A). Moreover, mcr-9 was identified in two

ndians ( n = 110), two adults from the UK and two Swedish infants

 n = 98) (only four months, Fig. 1 A and Table 1 ). Interestingly, the

cr-9 gene was not detected in the two Swedish children mother.

s some of these mcr-9 -harboring gut samples were collected

efore 2011, it means that the worrisome spread of mcr-9 might

ave been in the human gut for a long time and the dissemination

f these genes has long been undiscovered. Although mcr-9 is a

obilized resistance gene, it can be detected in both plasmids

nd chromosome genomes (identity = 100%) by searching mcr-9 in

4,764 complete bacteria genomes (accessed 26 July 2019). Among

hese samples, four human samples carried both the mcr-1 and

cr-9 genes. The mcr-1 gene was also identified in 27 human gut

amples collected from China, 71 chicken gut samples collected

rom poultry farms in China and 71 poultry faecal samples col-

ected from China LPMs 7 ( Fig. 1 B and Table 1 ), including chicken

 n = 56), duck ( n = 12), geese ( n = 3). Our results illustrated that

he number of mcr-1 -carrying samples was more in animals

15.6%, 142/912) than in humans (1.3%, 27/2019). Moreover, the

cr-3 gene was detected in four poultry faecal samples from

hina LPMs. Raw reads mapping identified mcr-4 and mcr-5 gene

ragments in one and two poultry gut samples, respectively. 1 The

lasmid-mediated colistin resistance has already spread in the gut

icrobiomes of both human and animal worldwide, 1 , 2 as occurred

ith NDM-1 (New Delhi metallo-beta lactamase-1) nine years ago.

hus, it would be interesting to see where mcr genes were from.

e subsequently assessed the prevalence of NDM in both human

nd animal gut microbiomes. Interestingly, NDM-5 was identified

n one Indian ( n = 110) and 40 chicken samples ( n = 495) from

hina. NDM-1 gene fragments were detected in poultry feces from

PMs in China by raw reads mapping. 1 

We also found that tigecycline resistance gene tet (X3) was

resent in 33 poultry gut microbiomes (identity = 100%) of 130

oultry samples from China LPMs, including 22 chickens, eight

ucks, two geese, and one pigeon ( Table 1 ). These tet (X3)-carrying

amples were found in twelve provinces in China ( Fig. 1 B and Table

2): Anhui ( n = 1), Fujian ( n = 5), Henan ( n = 1), Hunan ( n = 1), Jilin

 n = 1), Jiangsu ( n = 5), Jiangxi ( n = 3), Inner Mongolia ( n = 1), Qing-

ai ( n = 3), Shandong ( n = 3), Yunnan ( n = 2) and Zhejiang ( n = 7).

t is interesting to see that 21 samples were carrying tet (X3) and

cr-1 simultaneously (Table S3). Moreover, we found that 73 genes

rom the tet (X3)-bearing plasmid p34AB had close homologues

nucleic acid identities ranging from 95% to 100%) in the catalog

f LPMs, account for 7.3% to 26.0% the total number of genes in

he plasmid (Table S4). Although tet (X4) was discovered in Enter-

bacteriaceae bacteria (for example, E. coli ) isolated from the stool

ample in a pig farm and detected in food animals and humans,

e did not identify this gene in the gut metagenomes ( n = 2931).

owever, we found a gene with 98.7% amino acid sequence iden-

ity to tet (X4) was present in 90 chicken gut microbiomes of 495

amples from farms in China, which may be a potential tigecycline

esistance gene. 

In conclusion, our screening analysis for mcr, tet (X) and car-

apenemases have substantially expanded our insights into the

istribution of novel mobilized ARGs. In brief, the mcr-9 gene, only

etected in human gut samples, has been disseminating across at

east three continents. Tet (X3), only identified in animals, has been

idely spread in poultry samples collected from China LPMs. Due

o limited genome data (metagenome), we are concerned that the

orldwide distribution of these novel mobilized resistance genes

et (X) and mcr might be underestimated. Therefore, on the basis

f our findings, we call for new epidemiological studies to evalu-

te the current intestinal carriage prevalence of potentially (oppor-

http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0001
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0002
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0003
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0004
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0005
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0006
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0007
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0008
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0009
http://refhub.elsevier.com/S0163-4453(19)30276-2/sbref0009
mailto:francesca.tamarozzi@iss.it
https://doi.org/10.1016/j.jinf.2019.09.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2019.09.003&domain=pdf


Letter to the Editor / Journal of Infection 80 (2020) 121–142 131 

Table 1 

Distribution of tet (X), mcr and carbapenemases as determined by retrospective analysis. 

Origin Country/Region Positive samples (%)/ total samples 

tet (X3) mcr-9 mcr-1 mcr-3 mcr-4 mcr-5 NDM-1 NDM-5 

Human China – 9 (2.4%)/368 27 (7.3%)/368 – – – – –

America – 1 (0.7%)/139 – – – – – –

Europe – 12 (1.6%)/760 – – – – – –

UK – 2 (0.8%)/250 – – – – – –

India – 2 (1.8%)/110 – – – – – 1 (0.9%)/110 

Sweden – 2 (2.0%)/98 – – – – – –

Chicken at LPMs China 22 (21.6%)/102 – 56 (54.9%)/102 1 (1.0%)/102 – ∗b ∗c –

Duck at LPMs China 8 (42.1%)/19 – 12 (63.2%)/19 3 (15.8%)/19 ∗a ∗b ∗c –

Goose at LPMs China 2 (33.3%)/6 – 3 (50.0%)/6 – – – – –

Pigeon at LPMs China 1 (33.3%)/3 – – – – – – –

Chicken at farms China – – 71 (14.3%)/495 – – – – 40 (8.1%)/495 

Pig France, Denmark, China – – – – – – – –

Humans (total) – – 28 (1.4%)/2019 27 (1.3%)/2019 – – – – 1 (0.05%)/2019 

Animals (total) – 33 (3.6%)/912 – 142 (15.6%)/912 4 (0.4%)/912 ∗a ∗b ∗c 40 (4.4%)/912 

The dashes indicate that genes (full sequence, identity = 100%) have not been detected or are not applicable. ∗a, raw reads mapping identified mcr-4 gene fragments in 

one poultry gut sample. ∗b, raw reads mapping identified mcr-5 gene fragments in two poultry gut samples. ∗c, raw reads mapping identified NDM-1 gene fragments in 

five poultry gut samples. 

Fig. 1. A,B. Overview of the metagenome samples carrying the plasmid-mediated tigecycline resistance genes tet (X) and colistin resistance genes mcr around the world in 

this study. A, Distribution of novel mcr-9 gene in the gut microbiome of human and animal across the world. B, Map of animal gut samples carrying tet (X3) and mcr-1 gene 

in China. 

t  

m  

m  

i  

s

D

A

 

g  

E

S

 

f

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

unistic) pathogenic bacteria carrying mcr, tet (X) and carbapene-

ases. Moreover, we need to urgently prevent the potential night-

are scenario (no effective antibiotics can be used to treat MDR

nfections) in the future, which deserves worldwide attention and

trengthen related research immediately. 
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We have read with interest the article of Schilcher et al. 1 

on Candida albicans infection of the extracorporeal membrane

oxygenation (ECMO). We are concerned about the role of Candida

spp colonization in pediatric patients on ECMO. The prevalence of

infection on ECMO is around 10–12%, according to data from the

Extracorporeal Life Support Organization (ELSO), 2 and varies with

age: for newborns, 4.4–8.4%; for pediatric, 15.3–19.7%, and for

adults, 19.5–24%. The main risk factors for infections are the ECMO

duration, the severity of the illness that prompted the ECMO run,

and comorbid conditions. 3 ECMO shares important characteristics

with cardiopulmonary bypass. The blood is drained to a circuit

that acts as a mechanical heart and lungs, and then is returned

to the patient through a vein or an artery. The blood is exposed

to artificial materials and a systemic inflammatory response is

activated with the release of pro-inflammatory cytokines. 4 In

this context, differential infection diagnosis is difficult, especially

in younger patients. Although there is not a recommendation

from the ELSO to use antibiotic prophylaxis, a high percentage

of centers use it. 5,6 The use of antifungal prophylaxis is less

extended (2%), although most infections are caused by Candida

spp. 2 Due to this, we analyzed the prevalence of colonization
10. Dhakan D.B. , Maji A. , Sharma A.K. , Saxena R. , Pulikkan J. , Grace T. , et al. The
unique composition of Indian gut microbiome, gene catalogue, and associ-

ated fecal metabolome deciphered using multi-omics approaches. Gigascience
2019; 8 (3), pii: giz004 . 
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Analysis of colonization and infections during 

extracorporeal membrane oxygenation in children 
nd infection in children during ECMO. All patients who were on

CMO in our Pediatric Intensive Care Unit (PICU) were included

n this retrospective review from 20 0 0 to 2019. All data related to

nfection was collected. The diagnosis of infection was based on

he definitions from the Center for Disease Control. 7 The follow-

ng were considered as positive colonization diagnoses: positive

ndotracheal cultures for fungal organisms ( < 10 5 colonies); fungi

solated in urine samples without clinical signs or alterations in

he sediment; or a positive circuit surface culture ( < 10 4 colonies).

ositive cultures isolated after ECMO were not included due to the

ifficulty in establishing a causative relationship with ECMO. Rou-

ine surveillance cultures (including blood, tracheal aspirate, urine,

nd circuit surface) were obtained every 48 h during the ECMO

un. The study was approved by the Institutional Ethics Board. 

Sixty-five patients were included. 53.8% (35) were males and

he median age was 0.65 years (IQR 0.13–3.22). The cannulation

as initially venoarterial in 48 patients (73.8%). The median num-

er of days on ECMO was 6 (IQR 3–10), and the length of stay in

he PICU was 23 (IQR 11.5–46). Forty-five (69.2%) survived. 

Fifty-two patients (80%) received antibiotics before ECMO and

 bacterial infection was confirmed in 21 (32.3%). Sixty-four pa-

ients (98.5%) received antibiotics during ECMO. The main com-

inations of antibiotics were vancomycin and amikacin (15/64,

3.4%), vancomycin and cefotaxime (14/64, 21.9%), and vancomycin

nd meropenem (12/64, 18.8%). The antibiotic-free days during

CMO were zero except for one patient with tracheal hypopla-

ia, placed on ECMO before surgery due to the impossibility of

ntubation. 

Twelve patients (18.5%) were colonized during ECMO. The me-

ian number of days in PICU until colonization was 7.5 (IQR 3–8)

nd on ECMO was 3.5 (IQR 2–7). The colonization was detected in

espiratory samples in 11 patients (91.7%) and in a urinary sample

n one patient. Eleven patients (91.7%) were colonized by Candida

pp (5 parapsilosis , 3 albicans, and 2 tropicalis). Enterobacter cloacae

olonized one patient. Seven patients (10.8%) received antifungal

rophylaxis. 

Sixteen patients (24.6%) were infected during ECMO, eight of

hom (50%) had been previously colonized during ECMO: the

olonization and infection were by Candida in two, and the others

ere colonized by Candida and infected by bacteria. Table 1 shows

he relationship between infected and non-infected patients.

able 2 compares bacterial and fungal infections. The bacteria

solated were Stenotrophomonas maltophilia (4, 25%), Pseudomonas

eruginosa (2, 12.5%), Enterobacter cloacae, and Escherichia coli (2

ach, 12.5%). All the fungal infections were caused by Candida

pp (2 tropicalis , 1 glabrata, and 2 albicans ). There were 9 positive

racheal samples (all bacterial), 5 positive blood samples (3 bac-

erial, 2 fungal), and 6 positive urinary samples (2 bacterial, 4

ungal). 

The Kaplan–Meier analysis is represented in Fig. 1 . The col-

nization occurred before infection and the fungal infection oc-

urred before the bacterial infection. In the stepwise logistic re-

ression analysis, a longer duration of ECMO ( > 10 days, OR 5.225

CI 1.265–21.588]), and colonization during ECMO (OR 10.007 [CI

.213–45.245]) were independently associated with a higher risk

or infections. 

This is the first time that colonization in pediatric ECMO

atients is being reported on, and it seems that colonization is

elated to a higher risk of infection during ECMO. Patients on

CMO are vulnerable due to their critical state and the invasive

evices required, not only the circuit itself. In our institution,

ultures were routinely collected and allowed the detection of

olonization. According to our results, 50% of the patients who

eveloped an infection during ECMO were previously colonized
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Table 1 

Comparison of baseline characteristics in patients with infectious and non-infectious complications during ECMO. 

Variable Non-Infection ( n = 49) Infection ( n = 16) p 

Age (years) 0.9 (0.16–3.91) 0.27 (0.07–1.84) 

Male 26 (53.06) 9 (56.25) 0.824 

CPR before ECMO 12 (24.5) 4 (25) 0.967 

VA ECMO 39 (49.59) 9 (56.25) 0.065 

VV-VA conversion 3 (6.12) 3 (18.75) 0.585 

Need for RRT 23 (46.94) 7 (43.75) 0.772 

Days in PICU until ECMO 2 (1–4) 2 (1–5) 0.697 

Days in ECMO 5 (3–9) 10.5 (6.3–16.3) 0.001 

Days in PICU 20 (7.5–40) 35 (23.3–49.3) 0.021 

Days in hospital 31 (7.5–67) 35.5 (28.5–60.8) 0.304 

Days in PICU until infection 8.5 (7.3–10.5) 

Days in ECMO until infection 6 (3.3–7) 

Days in PICU until colonization 8 (4.3–10.3) 6 (3–8) 0.368 

Days in ECMO until colonization 5.5 (1.8–10.3) 3 (2–6.3) 0.461 

Colonization 4 (8.16) 8 (50) 0.0 0 0 

Antifungal prophylaxis 6 (12.24) 1 (6.25) 0.502 

Bacterial infection before ECMO 20 (40.82) 1 (6.25) 0.014 

Death 17 (34.69) 3 (18.75) 0.230 

Categorical variables expressed as frequencies and percentages, compared with the chi-squared test. Continuous 

variables expressed as median and interquartile range, compared with the Mann–Whitney test. CPR = cardiopul- 

monary resuscitation; ECMO = extracorporeal membrane oxygenation; MV = mechanical ventilation; PICU = pedi- 

atric intensive care unit; VA = venoarterial; VV = venovenous. 

Table 2 

Comparison between bacterial and fungal infections. 

Variable Fungal infection ( n = 5) Bacterial infection ( n = 11) p 

Age (years) 0.2 (0.9–5.7) 0.35 (0.05–1.9) 0.827 

Male 2 (40) 7 (63.6) 0.377 

VA ECMO 3 (60) 6 (54.5) 0.838 

VV-VA conversion 2 (40) 1 (9.1) 0.142 

Need for RRT 2 (40) 5 (45.5) 0.838 

Days in PICU until ECMO 1 (20) 3 (1–5) 0.913 

Days on ECMO 10 (6.5–22.5) 11 (6–17) 0.827 

Days in PICU 24 (23–33) 37 (26–55) 0.145 

Days in hospital 30 (26.5–35) 52 (28–66) 0.145 

Days in PICU until infection 8 (4–11.5) 9 (8–9) 0.857 

Days on ECMO until infection 4 (2–7) 6 (5–8) 0.857 

Colonization 2 (40) 6 (54.5) 0.590 

Antifungal prophylaxis 0 (0) 1 (9.1) 0.486 

Bacterial infection before ECMO 1 (20) 0 (0) 0.126 

Death 2 (40) 1 (9.1) 0.142 

Categorical variables expressed as frequencies and percentages, compared with the chi-squared test. Continuous vari- 

ables expressed as median and interquartile range, compared with the Mann–Whitney test. ECMO = extracorpo- 

real membrane oxygenation; MV = mechanical ventilation; PICU = pediatric intensive care unit; VA = venoarterial; 

VV = venovenous. 
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all by Candida ). Serial cultures could allow for the detection of

he most vulnerable patients that could develop an infection. ELSO

oes not recommend prophylactic antibiotics because they have

ot demonstrated their ability to reduce the risk of infection. Our

ggressive antibiotic policy and the overuse of broad-spectrum

ntibiotics have conditioned our high rate of infection, although

ower than others reported. 8 Our unit has not a high rate of re-

istance, but the trend is to use broad-spectrum antibiotics due to

he critical state of patients. The infections were mostly respiratory

nd caused by bacteria. However, fungal infections were frequent

nd occurred before bacterial infections. In ECMO, biofilms play

n important role in the development of fungal infection, 9 so a

ood option for prophylaxis and treatment will have the ability

o penetrate biofilm, like micafungin. 10 The recommended dose

or micafungin is currently 2.5 mg/kg/day for prophylaxis and

 mg/kg/day for treatment. Due to the relationship between col-

nization and infection despite antibiotic prophylaxis, and the
isk factors for fungal infections (invasive devices, broad-spectrum

ntibiotics…), the use of antifungal prophylaxis should be consid-

red. The impact of this measure should be thoroughly analyzed

n the future. ELSO recommends the "cautious, but aggressive" use

f antifungal prophylaxis in high risk patients. 3 
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Fig. 1. Plot 1: Kaplan-Meier analysis of the time to event, considering the event as: the colonization (plot 1.A), infection (plot 1.B) and time as days on ECMO until the event. 

Plot 2: Kaplan-Meier analysis of the time to event (infection), based on the cause of the event (fungal or bacterial agent). 
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ear Editor, 

We read with interest the recent research article by Wang et al.

tudying the epidemic characteristics of the 2014 dengue outbreak

n Guangdong Province, China. 1 Dengue has recently emerged or

e-emerged in many countries worldwide with the number of

ases and the range of the virus increasing annually. Taiwan has

xperienced two large dengue outbreaks in the recent decade

ith high morbidity and mortality noted. Reports from Taiwan

enter for Disease Control (Taiwan CDC) indicated that the ma-

or dengue epidemics occurred in the south of Taiwan, mainly

n the two southern cities of Tainan and Kaohsiung. 2 The rea-

ons regarding the severe dengue epidemics occurrence remain

nclear. 

Dengue fever (DF) is an arthropod-borne disease caused by

engue virus (DENV). DENV is transmitted by Aedes mosquitoes,

ainly Aedes aegypti and Aedes albopictus . DENV is a Flavivirus be-

onging to the Flaviviridae family. DENV comprises of four anti-

enically distinct serotypes. According to the World Health Orga-

ization (WHO) reports, around 2–3 billion people are living in
0. Autmizguine J. , Hornik C. , Benjamin D.K. , Brouwer K.L.R. , Hupp S. , Cohen–
Wolkowiez M. , et al. Pharmacokinetics and safety of micafungin in infants

supported with extracorporeal membrane oxygenation. Pediatr Infect Dis J
2016; 35 (11):1204–10 . 
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mported dengue fever and climatic variation are 

mportant determinants facilitating dengue epidemics 

n Southern Taiwan 
engue epidemic areas. 3,4 The incidence of dengue fever has in-

reased more than 30 folds during past decades. 5,6 

Taiwan is an island, located in the western Pacific Ocean, neigh-

ored by countries such as China, Japan and Philippines. The south

f Taiwan is located in tropical area, providing an ideal environ-

ent for the Aedes mosquitos, especially Aedes aegypti. The abun-

ance of Aedes aegypti has shown correlation with dengue epi-

emics in Taiwan. 7 Taiwan has experienced intermittent dengue

pidemics with intervals of several years to decades. In the re-

ent decade, Taiwan has experienced a large dengue outbreak in

014, with a total of 15,732 DF cases reported. 8 In 2015, there was

 more severe DF outbreak affecting two southern cities of Tai-

an. A total of 70,341 dengue fever suspected cases were reported,

mong them, 43,784 were laboratory confirmed DENV cases. 2 Pre-

ious studies report that imported DF and climatic changes are risk

actors correlated with dengue outbreaks. 9,10 Accordingly, we con-

ucted an epidemiological survey to dissect the factors correlated

ith the dengue epidemics in these two southern cities of Taiwan,

ainly focused on the impact from dengue imported cases and cli-

atic variations. 

The climatic data including temperature, humidity and precip-

tation were collected from Taiwan Central Weather Bureau. The

F information was offered by Taiwan CDC and Kaohsiung Medi-

al University Hospital. Dengue epidemic and non-epidemic years

ere classified according to the criteria determined previously. 8 

he study was approved by the Institutional Ethics Committee of

he Kaohsiung Medical University, Taiwan. The lagged-time Poisson

nivariate and multivariate regression analyses were performed

nd the detail were described in supplements. 

The correlation and pattern of climatic factors and imported

F cases with dengue outbreaks in Taiwan are illustrated (Supple-

entary Fig. 1). Results from time-lag univariate regression anal-

sis in dengue epidemic years indicate that the increase of hu-

idity, precipitation and imported DF cases significantly correlated

ith dengue incidences at 1 month lag ( p < 0.001), 2 month lag

 p < 0.05) and 1-to-3 month lags ( p < 0.05), respectively, in Kaoh-

iung city. No significant correlation was found among these cli-

atic factors as well as imported DF cases with dengue occurrence

n Tainan city ( p > 0.05) ( Table 1 ). 

Time-lag multivariate regression analyses indicates that changes

f temperature, humidity and precipitation significantly correlated

ith dengue incidences at 1-to-3 month lags, 1 month lag and 3

onth lag, respectively, in Kaohsiung city ( p < 0.001) ( Table 1 ).

F imported cases were significantly correlated with dengue in-

idences at 1-to-2 month lags during dengue epidemic years in

aohsiung city ( p < 0.001). When adjusting with imported DF,

ore significant correlation of these climatic factors with dengue

ncidences in Kaohsiung city was observed. The changes of tem-

erature, humidity and precipitation significantly correlated with

engue incidences at 3 month lag, 1-to-3 month lags and 1 month

ag, respectively ( p < 0.001). However, no significant correlation

as seen among these climatic factors as well as imported DF

ases with dengue occurrence in Tainan city ( p > 0.05) ( Table 1 ). 

In non-dengue epidemic years, climate factors and DF imported

ases were not significantly correlated with dengue incidences in

ither Kaohsiung or Tainan city ( p > 0 .05). Of note, temperature

nd humidity significantly correlated with dengue incidences at 2

onth lag in Tainan ( p = 0.0032) and Kaohsiung city ( p = 0.0396)

nder univariate and multivariate time-lag analyses, respectively

 Table 2 ). 

In this study, we demonstrate the impact of the variations

f temperature, humidity and precipitation on DF occurrence in

aohsiung city during dengue epidemic years. These weather

hanges are beneficial to DENVs dissemination and imported cases

ight be an initiating factor subsequently triggering occurrence

f dengue epidemics in Kaohsiung city. However, in Tainan city,
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Table 1 

Time-lagging analysis of the correlation of climatic factors and imported DF cases with the incidence of DENVs infected cases during dengue epidemic years in Taiwan. 

Temperature Humidity Precipitation Imported DF 

City Model Time lag Beta p Value Beta p Value Beta p Value beta p value 

Kaohsiung Single factor Lag 1 month 0.215 0.1535 1.165 0.0 0 02 0.0070 0.2549 0.022 0.0344 

Lag 2 month −0.122 0.4615 5.198 0.1829 0.1138 0.0296 0.043 0.0 0 0 0 

Lag 3 month 0.204 0.2200 7.608 0.8861 0.9868 0.0664 0.030 0.0072 

Multiple factors 

w/o imported 

Lag 1 month 0.407 0.0179 0.847 0.0049 −0.0058 0.3082 – –

Lag 2 month −0.455 0.0067 3.708 0.3709 −0.0013 0.9780 – –

Lag 3 month 0.801 0.0 0 08 97.221 0.1490 1.8298 0.0 0 06 – –

Multiple factors Lag 1 month 0.013 0.9310 1.033 0.0 0 0 0 −0.0169 0.0 0 02 0.030 0.0 0 0 0 

Lag 2 month 0.174 0.3118 10.192 0.0040 −0.0322 0.3553 0.031 0.0 0 0 0 

Lag 3 month 0.805 0.0 0 0 0 179.12 0.0 0 04 0.0337 0.9478 0.005 0.4155 

Tainan Single factor Lag 1 month −0.569 0.1137 −0.704 0.7431 0.0081 0.7808 −0.047 0.3381 

Lag 2 month 0.366 0.3037 −15.777 0.3578 −0.2212 0.3588 −0.037 0.5336 

Lag 3 month 0.222 0.5203 −298.87 0.0850 −3.0825 0.1213 −0.040 0.6625 

Multiple factors 

w/o imported 

Lag 1 month −0.789 0.1628 0.041 0.7943 0.0025 0.4636 

Lag 2 month −0.303 0.5861 −0.562 0.6608 0.0227 0.5005 

Lag 3 month −0.019 0.9783 2.093 0.8918 0.0259 0.9341 

Multiple factors Lag 1 month −0.682 0.1471 0.594 0.5758 −0.0241 0.5325 0.044 0.2057 

Lag 2 month 0.656 0.2585 3.212 0.8107 −0.0884 0.7583 0.014 0.6519 

Lag 3 month 0.623 0.2330 −23.943 0.9169. 0.7064 0.7939 −0.030 0.2603 

The dengue epidemic years (moderate-to-large DF outbreak) were identified and referenced by previous studies. The dengue epidemic years were categorized as 20 02, 20 06, 

2010, 2011, 2014 and 2015. Models were adjusted for year and month. 

Table 2 

Time-lagging analysis of the correlation of climatic factors and imported DF cases with the incidence of DENVs infected cases during dengue non-epidemic years in Taiwan. 

Temperature Humidity Precipitation Imported DF 

City Model Time lag Beta p Value Beta p Value Beta p Value Beta p Value 

Kaohsiung Single factor Lag 1 month −0.212 0.1950 0.485 0.1125 0.0057 0.2760 0.006 0.7162 

Lag 2 month −0.049 0.7542 −5.270 0.0945 0.0228 0.5729 −0.024 0.1859 

Lag 3 month 0.089 0.5903 12.480 0.6734 0.2911 0.3743 −0.016 0.3842 

Multiple factors 

w/o imported 

Lag 1 month −0.180 0.3472 0.503 0.1947 0.0 0 03 0.9592 – –

Lag 2 month −0.099 0.5678 −7.615 0.0591 0.0361 0.4455 – –

Lag 3 month 0.132 0.4635 6.833 0.8704 0.2374 0.5998 – –

Multiple factors Lag 1 month −0.198 0.3455 0.392 0.3917 0.0 0 03 0.9703 0.017 0.4417 

Lag 2 month −0.101 0.5871 −9.490 0.0396 0.0365 0.5264 −0.019 0.3423 

Lag 3 month 0.142 0.4 4 46 11.927 0.8023 0.1673 0.7337 −0.027 0.1346 

Tainan Single factor Lag 1 month −0.134 0.5931 0.482 0.2604 −0.0087 0.2054 0.028 0.1140 

Lag 2 month −0.754 0.0032 4.526 0.3021 0.0258 0.6028 0.008 0.7237 

Lag 3 month −0.335 0.1186 15.759 0.7400 1.0459 0.0652 −0.066 0.0634 

Multiple factors 

w/o imported 

Lag 1 month −0.134 0.6478 0.562 0.2361 0.0046 0.6910 – –

Lag 2 month −0.630 0.0508 3.014 0.5246 −0.0213 0.8146 – –

Lag 3 month −0.264 0.3207 19.968 0.7305 0.0536 0.9479 – –

Multiple factors Lag 1 month −0.107 0.7373 0.184 0.7813 0.0073 0.5585 0.006 0.8832 

Lag 2 month −0.514 0.1588 3.890 0.5634 −0.0372 0.7288 −0.007 0.8078 

Lag 3 month −0.279 0.4368 23.422 0.7124 −0.1617 0.8591 −0.015 0.7269 

The dengue non-epidemic years were identified and referenced by previous studies. The dengue non-epidemic years were categorized as 20 01, 20 03, 20 04, 20 05, 20 07, 20 08, 

2009, 2012 and 2013. Models were adjusted for year and month. 
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these climatic changes did not favor DENV transmission, even

though imported DF appeared in Tainan city. These results point

to Kaohsiung city as an epicenter of dengue in Taiwan. Therefore,

the environmental changes correlated with DF epidemics should

be strictly monitored. Previous reports support our findings indi-

cate that most dengue epidemics occurred in Kaohsiung city, 9 im-

ported dengue was the major source prompting dengue outbreaks

in Taiwan 

10 and climate changes are important factors influenc-

ing the incidence and distribution of dengue. 6 Further, changes of

humidity correlated with DF incidences in non-dengue epidemic

years in Kaohsiung city thus, humidity is an essential factor in

maintaining those sporadic DF cases in Kaohsiung city. Regard-

ing Tainan city, only temperature is correlated with DF incidences,

suggesting that the variations of temperature may be associated

with Ades mosquitoes ’ activities subsequently having the impacts

on dissemination of DENVs. Further investigations are still needed

to address these correlations. In addition, some of the coefficient

estimates in the regression model were very large, especially for
 d  
agged effect of humidity. This may result from the smaller DF

umber of months. Data of more years of observations in the fu-

ure may be needed for more stable estimates. 

Finally, this study reveals that the incidence of DF in Kaohsiung

ity was associated with weather factors and imported DF. Contin-

ous surveillance of imported and indigenous DF cases as well as

mplantation of environmental and vector control plans are urgent

emand to control dengue outbreaks in Taiwan. 
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ear Editor, 

Recently, the phylogeographic patterns of African swine fever

irus (ASFV) is studied in this journal. 1 ASF possess a devastat-

ng threat to pig agriculture. Endemic to South and East Africa,

SFV has jumped out of Africa several times, with the most re-

ent event being its introduction to Georgia in 2007 where it then

pread through Russia and Eastern Europe. In August 2018, China

eported its first ASF case in northeastern China. 2 Since then, it

as quickly swept through China, and crossed borders to Viet-

am, Cambodia, North Korea, and Mongolia. Effective preventive

nd biosafety measures can have a significant impact on limiting

he spread of ASFV, but the low biosafety level of backyard farms,

nd weak veterinary infrastructure makes the eradication of this

irus difficult. The long-term persistence of ASF in these countries,

ncreases the risk of the spread of ASFV to other Southeast Asian

ountries and makes it imperative to improve our knowledge about

his pathogen. Genotypes of ASFVs are based on its p72 gene, how-

ver, the p54 gene shows much higher diversity than p72. 1 In ad-

ition, the phylogenetic positions of some viruses based on p54

s inconsistent with that deduced from p72, 3 suggesting that re-

ombination within this virus may occur. To examine this question,

n this study, we collected all available ASFV genomes to inves-

igate their genetic diversity and test for potential recombination

vents. 

All 42 available ASFV genomes were collected from GenBank

Table S1), which were then aligned using MAFFT software, a

ast multiple sequence alignment program. 4 Alignment of these

enomes showed that regions at the left and right ends of the

enome were highly variable, containing many insertions or

eletions, and thus a robust alignment of these regions could

ot be obtained. Therefore, for the following analyses we ex-

luded the beginning and the end of the genomes. When the R8

accession number MH025916.1 ) ASFV genome was set as the

tandard genome, aligned fragments, which were used in the

ollowing analysis, ranged from the 22-R to the MGF 360-21R

enes. Nucleotide diversity ( π ) was calculated across the genome

n 1 kb sliding windows with a step size of 200 bp, and shows

reat variation in diversity (0.0151–0.2069) in the different regions

 Fig. 1 A). The X64R, EP152R, EP153R, EP402R, EP364R and CP2475L

enes are located in regions with very high genetic diversity,

hile the P72 and P54 genes are located in regions with very

ow genetic diversity. Mutations generated during replication that

ave a better ability to replicate or be transmitted within the
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Fig. 1. Genomic diversity and recombination in ASFV genomes. (A) Nucleotide diversity ( π ) was calculated in 1 kb sliding windows with a step size of 200 bp. Genes 

located in regions with high nucleotide diversity are marked in green, while the two most commonly studied genes, p54 and p72, are marked in orange. (B) Summary of 

recombination events in the available ASFV genomes identified by RDP4. Recombination regions were marked in black. 
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host, or can avoid the immune response of the host, have selective

advantage, in terms of viral fitness, and may become fixed in a

viral population. Gene regions that are associated with antigenic

drift may have a higher genetic diversity as they allow the viruses

to escape the host immune system. Genomic regions with low

levels of genetic diversity are likely subjected to strong purifying

selection and encode conserved functions necessary for viral repli-

cation or packaging. Therefore, gene regions with abnormally high

levels of genetic diversity are valuable candidates for functional

experiments. 

Our study revealed that the ASFV genomes contain some re-

gions with high genetic diversity ( Fig. 1 A). Random mutation

across the genome cannot explain this result, therefore, we tested

whether recombination events caused this phenomenon. Recom-

bination analysis was performed by the RDP4 program using the

3seq, bootscan, chimaera, genecov, lard, maxchi, rdp and siscan de-

tection methods. 4 We considered a recombination event to be reli-

able only if it was detected as a significant signal by at least three
ifferent methods. From the 42 aligned ASFV genomes, we found

eliable evidence for 152 recombination events (Table S2). 

The region around the CP2475L gene (from CP123L to CP312R

enes) of the X genotype had only one recombination event. We

se genotype X as an example to show recombination in detail.

imilarity plots and bootscanning analyses were also used for re-

ombination detection, which revealed that the recombinant re-

ion of the CP2475L gene of the genotype X is from 128,471 to

29,086 bp ( Fig. 2 ). This result overlaps with the recombination

egion (128,458–129,208 bp) calculated by RDP (Table S2). Phylo-

enetic analysis of the recombinant region indicated that geno-

ypes X and V cluster together, while phylogenetic tree generated

or other regions of the genomes showed that genotype X clus-

ers with genotype IX ( Fig. 2 C). Phylogenetic analysis supported the

onclusion that genotype X is a recombinant virus that acquired a

art of its genome from a virus of genotype V on a genomic back-

round of genotype IX. Recombination is a well-known important

ource of genetic variability in viruses. Our study of ASFV genomes



Letter to the Editor / Journal of Infection 80 (2020) 121–142 139 

Fig. 2. Recombination analysis of Genotype X. (A) Bootscanning recombination analysis of genotype X based on variable genomic sites. Dashed horizontal line indicates 70% 

bootstrap support. (B) Variable sites from the CP123L to the CP312R gene region, with the recombination breakpoint within the CP2475L gene marked in blue. (C) Maximum- 

likelihood phylogenetic trees inferred for the outer (left) recombinant region and inner (right) non-recombinant regions, indicating that the genotype X is a recombinant 

virus that acquired a part of CP2475L from genotype V while the remaining genomic regions are from genotype IX. 
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as revealed that recombination hotspots have greatly raised their

enetic diversity ( Fig. 1 ). Thus, it is likely that recombination fa-

ilitates ASFV effectively generating diverse genetic strains to aid

n the evasion of host immunity, and increase its virulence and

athogenicity. 5 

Previous work has shown that live attenuated viruses have poor

ross-protection against heterologous challenges. 6 Thus, a concern

ith the use of ASFV vaccines is the genetic diversity of circulat-

ng strains. However, in the context of cross-protective immunity

hat is a heterologous ASFV strain? The ASFV genome encodes

50–200 proteins. 7 Current ASFV genotyping relies predominantly

n the p72 gene, however, p72 located in a very low genetic diver-

ity region ( Fig. 1 A), thus, this gene provides very limited insight

n the genetic diversity of ASFV. p72-based ASFV genotypes do not

ully correlate with available cross-protection data and may also be

f limited value in predicting vaccine efficacy. 8 Knowledge of ASFV

train diversity, and the antigenic diversity of the relevant protec-

ive antigens, is critical for the successful design of ASFV vaccines,
nd for development of rapid diagnostic methods capable of dis-

riminating among viruses and, thus, predicting the potential effi-

acy of a given vaccine against a ASFV field isolate. 9 

In endemic areas (South and East Africa), it is difficult to elim-

nate the natural reservoir of this virus in warthogs and soft tick

ectors. In Europe, the Caucasus region and Russia, wild boars,

hich are as susceptible to ASF as pigs, are its primary reservoir. 10 

ild boars, which can easily move across national borders, are

idely distributed across Eurasia. In addition, in Southeast Asia,

he low biosafety of backyard farms, weak veterinary infrastructure

nd limited funds will likely make the eradication of ASF based

n early diagnostic detection, culling of ASF-positive animals and

trict sanitary measures nearly impossible, and thus, the emer-

ence and re-emergence of ASF will pose an increasing threat to

lobal pig agriculture. Vaccination is one of the most valuable de-

ensive tools. Development of an effective vaccine that can cross-

rotect against infections by several genotypes is urgently needed.

owever, to date, no vaccine has become available due to a



140 Letter to the Editor / Journal of Infection 80 (2020) 121–142 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

h

©

L

U

m

s

D

 

r  

C  

i  

m  

m  

w  

h  

o  

h  

p  

c  

a  

m  

i  

c

 

m  

c  

h  

s  

f  

v

 

C  

t  

r  

(  

fl  

p  

h  

c  

W  

t  

b

 

o  
number of key factors, including the lack of identification of pro-

tective antigens, incomplete understanding of virus–host cell inter-

actions and inadequate knowledge related to the diversity of viral

strains currently circulating in the natural reservoirs. 9 Our study

revealed that the wildly used p72 genotypes reflect limited infor-

mation of the genetic diversity of ASFVs. The genetic diversity of

different genomic regions of this virus vary greatly, with p72 be-

ing one of the regions with lowest diversity. In addition, we found

evidence for frequent recombination within ASFV genomes. If live

attenuated viruses are to be used as vaccines, then we need to be

aware of their potential recombination with field strains. 
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ear Editor, 

González-Donapetry and colleagues, in this Journal recently

eported the limitations in the use of a multiplex PCR system in

NS infection. 1 Neisseria meningitidis is a leading cause of invasive

nfections associated with high mortality and morbidity, notably

eningitis and septicemia. 2 Although a rare endemic disease in

ost countries, the epidemiology of meningococcal disease varies

idely over time and in different geographic regions, with both

yperendemic and epidemic disease patterns occurring. Onset

f disease in susceptible individuals may be very rapid, within

ours, and the case fatality rate is high, especially among those

resenting with septic shock, despite access to modern criti-

al care. Individual susceptibility involves a complex relationship

mong environmental, host and bacterial factors, and prevention of

eningococcal disease through behavior modification (e.g., avoid-

ng tobacco smoke) and vaccination offers the best prospect for

ontrol. 3 

Etiological rapid diagnosis is key for the preventive manage-

ent and therapeutic of invasive meningococcal disease. However,

onventional methods for diagnosis are time-consuming and

ampered by the difficulties in culturing the isolates from clinical

pecimens, especially due to early antibiotic treatment. 4 There-

ore, sensitive, specific and rapid non-culture-based methods are

aluable for early diagnosis, effective therapy, and prevention. 

The FilmArray R © ME Panel (BioFire Diagnostics LLC, Salt Lake

ity, UT, USA) is an in vitro diagnostic multiplexed PCR test for

he simultaneous detection and identification of up to 14 bacte-

ial, viral, and yeast pathogens directly from cerebrospinal fluid

CSF). These pathogens include: Escherichia coli K1, Haemophilus in-

uenzae, Listeria monocytogenes, Neisseria meningitidis, Streptococcus

neumoniae, Streptococcus agalactiae , cytomegalovirus, enterovirus,

erpes simplex virus 1 and 2, human herpesvirus 6, human pare-

hovirus, varicella-zoster virus, and Cryptococcus neoformans / gattii.

e describe the use of this technology, outside of its licensed use,

o determine the causative agent of meningococcal sepsis in whole

lood and skin biopsy samples. 

A three-year-old boy was urgently transferred from a sec-

ndary hospital to our center, with the fundamental diagnosis of
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Fig. 1. Melting positive curves of the skin biopsy (a) and the whole blood sample (b) for Neisseria meningitidis. 
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atecholamine-refractory septic shock. His-parents reported a clini-

al picture of fever and decay of less than 24 h of evolution, as well

s the appearance of purpuric lesions in the last hours. Meningo-

occal sepsis was then suspected and a first dose of iv ceftriaxone

50 mg/kg) was administered before transfer. 

Upon arrival at our center, the patient was admitted to the Pe-

iatric Intensive Care Unit (PICU) in poor general condition. High-

ose iv cefotaxime (300 mg/kg/day) was prescribed due to high

linical suspicion of meningococcemia. Cerebrospinal fluid (CSF)

ould not be obtained for molecular analysis and culture due to pa-

ient instability. For this reason, blood cultures, whole blood sam-

le and skin biopsy were obtained. Blood cultures and skin biopsy

ere cultured and, due to the need for a rapid diagnosis, we also

nalyzed them using the FilmArray R © ME Panel assay. As this tech-

ique is only validated for CSF samples, our non-CSF samples were

rocessed as follows; in the case of whole blood sample, we use

he same volume of sample required for CSF (200 μl). In the case

f the skin biopsy sample, it was first homogenized with thio-

lycolate broth (following Clinical Microbiology Department ́s Insti-

utional protocols) and then, the FilmArray R © ME Panel was pro-

essed with the same volume of the sample (200 μl). Both samples

eported a positive result for Neisseria meningitidis ( Fig. 1 ). 

Afterward, whole blood sample was sent to the Spanish Na-

ional Centre for Microbiology (Majadahonda, Madrid, Spain) for

urther characterization. Neisseria meningitidis serogroup C was

onfirmed. 

Neisseria meningitidis is still a cause for concern among society

n general and especially among health workers because its early

iagnosis and treatment are critical to avoid life threating condi-

ions and sequelae. 5 To improve clinical management and take epi-

emiological decisions (as prophylaxis to close contacts), prompt

tiological diagnosis is vital. 6 

The classical microbiology methods used for the diagnosis

f bacterial meningitis are based on the direct examination of

erebrospinal fluid Gram stain, culture and antigenic detection

y agglutination of latex particles or conglutination. 7 , 8 Previous

xposure to antibiotics, low CSF bacterial load and inadequate

ollection, transport and processing of the samples decrease the

ensitivity of these methodologies. 8–10 The detection of infectious

gents by the polymerase chain reaction (PCR), has acquired great

mportance during the last years for the diagnosis of bacterial

eningitis increasing sensitivity and specificity compared to

lassical methods. 8 , 11 

In our case, the most important clinical limitations were that

umbar puncture could not be performed due to severe patient in-

tability and culture-based tests for etiological diagnosis were not

eliable due to prior exposure to antibiotics. For this reason, and

iming a rapid identification of the etiological agent, we success-
ully performed the FilmArray R © ME Panel assay using whole blood

nd skin biopsy samples, yielding reliable identification of Neisseria

eningitidis . Successful applications of this technique using alter-

ative non-CSF samples (e.g., synovial fluid) have also been pub-

ished recently. 4 , 12 

In conclusion, we report the successful use of the FilmArray R ©
E Panel technique using non-CSF samples for the prompt diag-

osis of Neisseria meningitidis in a child diagnosed with refractory

eptic shock. As this could be outstandingly useful in patients in

hom meningococcal meningitis or septicaemia are suspected but

SF sample cannot be obtained, more studies may be conducted to

onfirm these findings. 
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