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Neurosurgical device-associated infections due to Candida 

auris – Three cases from a single tertiary center 
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ear Editor, 

Candida auris has recently emerged as a novel global fungal

athogen causing nosocomial infections in six continents. Out-

reaks have occurred in 30 countries worldwide and recent reports

n this journal have highlighted the experiences of various centers

n managing outbreaks and cases of fungaemia due to Candida au-

is. 1,2 Work is ongoing to elucidate the pathogenesis and clinical

anagement of this novel pathogen. 3 

Nosocomial infections due to candida species are on the rise

orldwide although neurosurgical infections are rare. In general

nfections associated with neurosurgical devices are associated

ith a significant increase in morbidity and mortality and may

ose diagnostic and therapeutics challenges. 4 

We have recently described a prolonged Candida auris outbreak

n our neurosciences intensive care unit involving a total of 70 pa-

ients between February 2, 2015, and August 31, 2017. 5 Here, we

escribe our clinical experience in managing three patients with

entral nervous system device-associated infections due to Candida

uris during this outbreak . These were caused by isolates that were

esistant to triazole antifungals, adding to the difficulties in treat-

ng these difficult cases. The demographic and clinical features of

hese patients are summarized in Table 1 . 

ase 1 

A 46-year old female was admitted with an extensive basal

ubarachnoid haemorrhage with associated malignant hyperten-

ion. This was managed with bi-frontal craniectomy and place-

ent of an external ventricular drain (EVD). Her medical back-

round included hypothyroidism, diet-controlled diabetes and

ild depression. She developed multiple nosocomial infections

ncluding ventilator-associated pneumonia, Methicillin-susceptible 

taphylococcus aureus bacteraemia as well as Enterobacter cloacae

VD-associated ventriculitis. The latter was managed with EVD ex-

hange and three weeks of intravenous and intraventricular antibi-

tics with early sterilization of cultures and subsequent placement

f a ventriculo-peritoneal shunt. During rehabilitation, 16 weeks

ollowing her initial admission, she developed fever and blood cul-

ures were positive for yeast that was subsequently identified as

andida auris . The peripherally inserted central catheter was re-

oved and she received 7 days of intravenous micafungin with

 rapid clinical and microbiological response with no evidence

f invasive candidiasis. Four days later revision of the ventriculo-

eritoneal shunt was required due to breakdown of superficial skin

verlying the shunt valve. Cultures of cerebrospinal fluid (CSF) and

he reservoir system were positive for Candida auris. Micafungin

as restarted and the entire shunt system was removed and an
ttps://doi.org/10.1016/j.jinf.2019.02.004 
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VD was placed. However, sterilization of the CSF cultures was

nly achieved on day 16 of antifungal treatment after further re-

lacement of the EVD to the contralateral side. She received a total

f 6 weeks of micafungin with no further Candida auris -associated

omplications and placement of a new ventriculo-peritoneal shunt.

welve months after the initial event she remained in a prolonged

isorder of consciousness with likely limited potential for recovery.

ase 2 

A 48-year old otherwise healthy woman was admitted with a

ubarachnoid haemorrhage that was managed with percutaneous

oil embolization of the ruptured cerebral artery aneurysm and

VD insertion. Three weeks later she developed intermittent tem-

eratures with no obvious focus of infection. CSF cultures were

ositive for Candida auris . The EVD was exchanged 72 h after initi-

tion of effective antifungal therapy with rapid sterilization of CSF

ultures. She received a total of 15 days of systemic antifungals

onsisting of 1 day of fluconazole followed by 14 days liposomal

mphotericin. Six weeks later a ventriculo-peritoneal shunt was in-

erted without any subsequent infective complications. She made a

ood clinical recovery and on review six months later was merely

equiring rehabilitation for short term memory loss and difficulties

n writing. 

ase 3 

A 71-year old male patient presented with seizures, meningi-

is and radiological evidence of bilateral frontal collections with

ssociated ventriculitis. He had an extensive neurosurgical history

hat included transsphenoidal surgery for pituitary adenoma 14

ears and frontal craniotomy for fibrodysplasia of the skull 6 years

rior to presentation, respectively. The latter procedure had re-

ulted in persistent communication between frontal sinus and the

asal cavity. Furthermore, he had previously received treatment for

on-Hodgkins lymphoma twice with successful remission. His

anagement included evacuation of pus from both frontal cavities,

rolonged extraventricular drainage, courses of intravenous antibi-

tics and finally insertion of a ventriculo-peritoneal shunt eight

eeks following initial presentation. A few months later he de-

eriorated clinically with evidence of a CSF leak and complex in-

racranial infection with associated pneumocephalus requiring en-

oscopic surgical repair of the skull base defect. The CSF leak

ersisted with subsequent detection of non-albicans Candida from

ultures of the pneumocephalus cavity and subsequently also the

SF. Antifungal treatment with voriconazole was initiated that was

ubsequently changed to liposomal amphotericin and flucytosine

n day 10 after culture results demonstrated growth of Candida

uris . A number of surgical procedures including EVD placements

ere required until complete removal of the ventriculo-peritoneal

hunt could be undertaken six weeks later. Cultures of the CSF and
ection Association. All rights reserved. 
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Table 1 

Demographics and clinical features of three cases of neurosurgical infections due to C. auris. 

Case 1 Case 2 Case 3 

Age, gender 46y, F 48y, F 71y, M 

Admission diagnosis Subarrachnoid haemorrhage Subarrachnoid haemorrhage Bi-frontal intracerebral collections and ventriculitis 

Co-morbidities Diabetes, hypothyroidism None Extensive neurosurgical intervention, non-Hodgkins 

lymphoma 

Prior total courses antibiotics (total days) 10 (53) 2 (10) 3 (65) 

Site of infection Ventriculo-peritoneal shunt EVD Ventriculo-peritoneal shunt, intracerebral 

Time in hospital to 1st positive C. auris CSF 17 weeks 3 weeks 13 weeks 

CSF WCC (x10 6 /L) 16 (100% lymphocytes) 20 (100% lymphocytes) 36 (83% lymphocytes) 

C. auris positive sites a Blood, CSF, shunt reservoirs and tissue CSF CSF, shunt reservoirs, cerebral tissue and fluid 

Duration of positive culture 18 days 6 days 46 days 

Antifungal treatment Micafungin Liposomal amphotericin B Liposomal amphotericin B and 

flucytosine/micafungin 

Total duration antifungals b 62 days 14 days 42 days 

Surgical treatment Shunt exchange EVD replacement Debridement, shunt exchange 

Abbreviations: EVD – extraventricular drain, WCC – white cell count, CSF – Cerebrospinal fluid. 
a Excludes colonization. 
b Excludes days of non-effective azole treatment. 
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intraoperative tissue samples remained positive throughout this

period with development of flucytosine resistance four weeks after

initiation of dual treatment despite adequate monitoring of ther-

apeutic flucytosine levels. Flucytosine was subsequently replaced

with micafungin. Surgical and antimicrobial treatment remained

challenging with poor outcome of overall neurological recovery.

Furthermore, 19 days later, whilst CSF cultures were still intermit-

tently positive for C. auris , replacement of the ventricle-peritoneal

shunt was required in order to manage worsening hydrocephalus.

Eventually cultures became sterile and antifungals could be ceased

two weeks after shunt insertion. Three months later the patient

was repatriated to his local hospital where he died the following

year of non-related causes. 

Discussion 

Here, we present our experience in successfully treating three

distinct cases of device-associated central nervous system infection

due to Candida auris during an emerging outbreak of this novel

pathogen in our unit. 

All three cases displayed risk factors for invasive candidiasis in-

cluding antimicrobial exposure, prolonged ICU stay and presence

of medical devices. Echinocandins are considered first line agents

for invasive infections due to Candida auris but have low pen-

etration into central nervous system. 3,6 Interestingly, two of our

cases received micafungin, one as sole agent and the other to

replace flucytosine as adjunctive treatment to liposomal ampho-

tericin, with successful microbiological cure. Neither of our cases

required administration of intraventricular antifungals, although

use of intraventricular caspofungin in a case of recalcitrant Can-

dida auris ventriculo-peritoneal shunt infection has recently been

described. 7 

Our experience demonstrates that key to successful manage-

ment of device-associated Candida auris infections is a multidis-

ciplinary approach with timely source control and removal of

prosthetic devices in addition to prolonged administration of tar-

geted antifungal therapy. 
unding sources and conflict of interest 
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ear Editor, 

We read with interest a recently published article by Epstein

t al., where the use of intravenous micafungin as an alterna-

ive antifungal prophylaxis to oral posaconazole was suggested

n patients undergoing chemotherapy for acute leukemia and

yelodysplastic syndrome. 1 In this study, we note that only 54%

f patients prescribed with posaconazole suspension achieved

herapeutic posaconazole level of > 0.7 mg/L, the recommended

evel for anti-fungal prophylaxis. 1,2 This further highlights the

onstraints of achieving adequate levels with posaconazole sus-

ension, consistent with its known unpredictable and poor

ioavailability. 2,3 On the contrary, posaconazole delayed-release

ablet, the new posaconazole formulation, has shown to achieve

igher posaconazole levels due to its enhanced bioavailability. 3 

lthough posaconazole tablet is the preferred formulation to be

sed clinically, subtherapeutic troughs are more likely to occur

mong patients prescribed with standard dosing of delayed-release

ablets (300 mg/day) if they weigh > 90 kg, had diarrhea or were

rescribed proton-pump inhibitors. 4,5 A case report also sug-

ested that hypoalbuminemia and hyperbilirubinemia resulted in

ubtherapeutic troughs due to enhanced posaconazole clearance. 6 

owever, no report has described the use of posaconazole delayed-

elease tablets in patients with short small bowel. This case report

escribes the first case of persistent subtherapeutic posaconazole

roughs despite the use of high-dose posaconazole tablets, up

o 600 mg/day, in a patient who had undergone terminal ileum

esection. 

The patient was a 43-year-old female, weighing 40 kg, with

cute myeloid leukaemia (AML). Her chemotherapy was compli-

ated by neutropenic enterocolitis and terminal ileum perforation,

or which she underwent right hemicolectomy with double barrel

toma and had 40 cm of her terminal ileum resected. She also

eveloped a left lung apical fungal pneumonia on Computed

omography (CT) thorax. Her serum and bronchial lavage galac-

omannan were not yielding. She was treated with IV liposomal

mphotericin B and serial CT thorax demonstrated improvement.

fter 3 months, posaconazole 200 mg suspension four times a day

as commenced with the aim to discontinue amphotericin B once

herapeutic posaconazole trough of ≥1.0 mg/L was attained. The

osaconazole trough of > 1.0 mg/L has been recommended by the

ritish Society for Medical Mycology for the treatment of invasive

ungal infections. 2 

At our institution, posaconazole troughs are obtained < 1 h be-

ore the next dose ( ≥7 days upon drug initiation). The serum was

ssayed using a validated high performance liquid chromatography

detection range: 0.5–7.5 mg/L). For this patient, posaconazole

rough on day 7 (D7) and D13 of posaconazole suspension were

 0.5 mg/L. The subtherapeutic troughs were attributed to concur-

ent omeprazole (20 mg once daily), which is known to reduce

osaconazole absorption. 2,3 Therefore, posaconazole dose was

ncreased multiple times over the next 3 weeks, with each dose

dministered with peanut butter ( Table 1 ). The trough was thera-

eutic at 1.75 mg/L on D34 with posaconazole 400 mg four times

 day and amphotericin B was stopped. A repeat trough on D41

as 2.4 mg/L and no posaconazole-associated side effects were

bserved. 

Subsequently, posaconazole tablet was introduced into the hos-

ital formulary and posaconazole suspension was switched to

ablet 300 mg (a cheaper alternative) once daily with food on D42.

meprazole was discontinued. On D48, the trough was < 0.5 mg/L.

ence, a loading dose of 300 mg twice daily was administered
ubtherapeutic posaconazole troughs despite high-dose 

osaconazole tablets in a patient with terminal ileum 

esection 
t

or one day, followed by 300 mg once daily. However, trough on

54 remained < 0.5 mg/L. Posaconazole dose was subsequently in-

reased to 20 0 mg twice daily and 20 0 mg thrice daily but troughs

ere < 0.5 mg/L (D69) and 0.57 mg/L (D75), respectively. Due to lo-

istical limitations and delay in posaconazole trough reporting, the

osaconazole therapy was only modified on D91. In view of persis-

ent sub-therapeutic troughs with posaconazole tablet, posacona-

ole suspension 400 mg four times a day with peanut butter

as restarted without acid-reducing agents on D91. Posaconazole

rough was 4.1 mg/L on D110 and no posaconazole-related adverse

vents were noted. Posaconazole dose was decreased to 300 mg

our times a day to reduce cost. The troughs were 1.9 mg/L and

.5 mg/L on D138 and D161, respectively. She passed away three

onths later due to AML. 

During the receipt of posaconazole tablets, administration with

ood was ensured as per manufacturer recommendation. There

as strict medication compliance and no drug–drug interactions

ere identified. No vomiting or diarrhoea (consistent stoma out-

ut) was observed. Moreover, there were neither severe hypoal-

uminemia (albumin 31–42 g/L) nor hyperbilirubinemia (bilirubin

1–15 umol/L) that could result in enhanced drug clearance. There-

ore, we hypothesize that the shortened small intestine could have

ed to sub-optimal posaconazole absorption. It has been demon-

trated that the distal small intestine is known to play a more

mportant role in posaconazole absorption compared to proximal

egions under the fed state. 7 This postulation was supported by

he fact that compared to the fasted state, the fed state resulted

n (1) less dissolution of posaconazole tablet in the jejunum; (2)

igher systemic posaconazole exposure and (3) longer time re-

uired to reach peak plasma concentration compared to fasted

tate. Possibly, tablet administration on a fasted state or dose in-

rease beyond 600 mg/day may result in higher troughs. However,

ose increase is costly and exposing the patient to prolonged sub-

herapeutic levels while elucidating the optimal dose should be

voided. 

Conversely, posaconazole suspension achieves dissolution in 

he stomach, followed by absorption in the upper small in-

estine. 8 Thus, reduction in posaconazole suspension dose from

20 0 mg/day to 80 0 mg/day (standard dose) may result in thera-

eutic trough in the absence of acid-reducing agents in our patient.

nfortunately, this could not be ascertained. 

In conclusion, posaconazole delayed-release tablets should be

sed with extreme caution in patients with terminal ileum resec-

ion. The use of posaconazole suspension along with therapeutic

rug monitoring should be considered as the first choice therapy

nstead. 
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Table 1 

Timeline of posaconazole dosing regimen and corresponding posaconazole troughs PO, by mouth. 

Day Posaconazole Formulation Posaconazole Dose Day Posaconazole trough (mg/L) Remarks 

1 Suspension 200mg 4 times daily PO omeprazole 

7 < 0.5 PO omeprazole 

13 < 0.5 PO omeprazole 

15 Suspension 400mg (morning), 200mg (noon), 400mg (night) PO omeprazole 

21 < 0.5 PO omeprazole 

22 Suspension 400mg 3 times daily PO omeprazole 

27 < 0.5 PO omeprazole 

28 Suspension 400mg 4 times daily 34 1.75 PO omeprazole 

41 2.4 PO omeprazole 

42 Delayed-release tablet 300mg once daily 48 < 0.5 

49 Delayed-release tablet 300mg twice a day for 1 day, then 300mg once daily 54 < 0.5 

55 Delayed-release tablet 200mg 2 times daily 69 < 0.5 

70 Delayed-release tablet 200mg 3 times daily 75 0.57 

91 Suspension 400mg 4 times daily 110 4.1 

111 Suspension 300mg 4 times daily 138 1.9 

161 1.5 
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s  

f  
ear Editor, 

We read with interest the article by Prim and co-workers con-

erning colistin resistant Enterobacteriaceae in hospitalized pa-

ients. 1 Critically ill patients with prolonged hospitalization, are at

ncreased risk of acquiring infections with Enterobacteriaceae. The

outes of infection are either endogenous, following colonization

f the gastro-intestinal tract, or exogenous when hygiene fails. 2 

elective digestive tract decontamination (SDD) is designed to

revent secondary endogenous infection by eliminating abnormal

arriership with potential pathogenic microorganisms (PPM) with

opical antimicrobial agents. 3 The commonly used topically applied

ntimicrobial substances in SDD are polymyxin, tobramycin and

mphotericin B (PTA). Eradication of carriership with PPM’s is usu-

lly effective with these agents but may be difficult in case of mul-

idrug resistant gram-negative bacteria (MDRGNB). 4,5 This is par-

icularly true in case of combined resistance to colistin and to-

ramycin. PPM’s resistant to these antimicrobial agents need other

ubstances to achieve successful eradication. 6 

We report three cases of colonisation with MDRGNB that were

reated with topical amikacin. 

ase 1: Enterobacter cloacae 

A male tourist from Surinam, 68 years old, was admitted to our

CU with loss of consciousness due uraemia caused by acute kid-

ey injury as the result of a de novo HIV infection with a first vi-

al load count of 2.1 10 ̂ 6 copies/ml. He had no relevant medical

istory, but in the previous months his physical condition deterio-

ated. He was emaciated due to lack of self-care and understanding

f his disease. He had developed a producing cough and distinct

occygeal decubitus. 

On admission to the ICU, renal replacement therapy and an-

iretroviral therapy was started with dolutegravir and emtric-

tabine/tenofovir. SDD was given with PTA 2% in an oral paste

Orabase ®) and in a suspension containing 100 mg of polymyxin B

ulphate, 80 mg of tobramycin sulphate and 500 mg amphotericin B

our times daily in the nasogastric tube. Cefotaxime 1 g was given
ttps://doi.org/10.1016/j.jinf.2019.02.013 
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se of enteral amikacin to eliminate carriership with 

ultidrug resistant Enterobacteriaceae 
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Table 1 

(a)–(c): Growth density (no. of colonies/ml) of MDRGNB in surveillance cultures 

during ICU stay; day 0 indicates the start of topical amikacin. 

(a) 

Rectum > 10 0 0 10 0 0 < 15 0 0 0 0 

Throat 0 < 15 0 0 0 0 0 

Sputum 0 0 0 0 0 0 0 

Day −5 −1 + 2 + 6 + 9 + 13 + 16 

(b) 

Rectum 100–1000 15–100 15–100 > 10 0 0 100–1000 < 15 0 0 

Throat 0 0 0 0 0 0 0 0 

Sputum 0 0 0 0 0 0 0 0 

Day −7 −4 −2 + 1 + 5 + 12 + 15 + 18 

(c) 

Rectum 100 15–100 0 100 0 100 0 

Throat 0 0 0 0 0 0 0 

Day −1 + 3 + 6 + 10 + 13 + 17 + 20 
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 times daily i.v. and ciprofloxacin 400 mg 2 times daily i.v. for

 days until cultures of trachea, blood and urine appeared with-

ut growth. Surveillance cultures of throat, tracheal aspirate and

ectum were taken on admission and twice weekly and showed

ultidrug resistant Enterobacter cloacae as shown in Table 1 . This

xtended Spectrum Beta-lactamase (ESBL) producing E. cloacae

as resistant for all cephalosporins, gentamicin, tobramycin, flu-

roquinolones and polymyxins but susceptible for amikacin and

eropenem detected by agar disk-diffusion following the EUCAST

uidelines. 

To eliminate this abnormal carriership, amikacin was added to

he SDD regimen, the start is indicated as day 0 in Table 1 (a).

mikacin 4 times daily 500 mg of the i.v. fluid was given through

he nasogastric tube and 4 times daily 500 mg of the i.v. fluid was

pplied with a disposable oral swab throughout the complete oral

avity from day 0 till end of ICU admission. Aerosolized amikacin

as given 500 mg 4 times daily from day 6–13 5 . Persistent elimi-

ation of carriership of this E. cloacae over time was observed. This

atient died because of refractory multiple organ failure at day 16

espite intensive treatment. 

ase 2: Proteus mirabilis 

An 81-years old woman was repatriated from a visit to Turkey

ere the Guillain–Barre syndrome was diagnosed. She was me-

hanically ventilated because of muscle weakness. The rectal

urveillance cultures showed several Enterobacteriaceae including

 multidrug resistant Proteus mirabilis . This MDRGNB was sensitive

o amikacin but not to any other tested antimicrobial drugs, in-

luding tobramycin and colistin. On admission standard SDD with

TA was started as described in case 1. A week after admission

mikacin orally and enterally was started in the same way as in

ase 1. Table 1 (b) shows the decrease in colony forming units

CFU) per ml faeces. Day 0 indicates the start of topical amikacin

reatment. 

ase 3: Morganella morganii 

A 57-years old woman was admitted to the normal hospital

ard because of acute myeloid leukaemia. She was treated with in-

ensive chemotherapy. During this course oral ciprofloxacin 500 mg

wice daily and oral fluconazole 200 mg once daily was prescribed

s prophylaxis. She did not use SDD as described in cases 1 and 2

nd was not admitted to the ICU. Persistent abnormal carriership

ith Morganella morganii, resistant for ciprofloxacin, tobramycin

nd colistin, was treated with oral amikacin 4 times daily 500 mg.

mikacin was not distributed with an oral swap as in aforemen-

ioned cases, because the patient had normal oral intake. Table 1 (c)

hows the results of surveillance cultures over time. In this last

ase it took longer to obtain eradication. 

Enteral amikacin for abnormal colonization with Enterobacte-

iaceae in the digestive tract of patients can be successful. Case
 shows that in the non-ICU patient with normal oral intake this

trategy might be less successful. Further studies are needed to as-

ert its efficacy. 
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Dear Editor, 

We previously reported in Journal of Infection an infection

screening method using a combination of neural network and k-

means clustering algorithm. 1 After a pandemic of a novel influenza

A/H1N1pdm09 in 2009, we started to develop vital sign-based

infection screening systems and conducted several preliminary

infection screenings in Japan, Mongolia and Vietnam. 2–4 Although

the previous method achieved up to 98% sensitivity and 96% nega-

tive predictive value (NPV), this study was limited to patients with

comparatively uniform backgrounds, i.e., hospitalized influenza pa-

tients who were soldiers of the Japan Self-Defense Forces. To apply

this system in patients with a variety of clinical backgrounds, we

newly developed a machine learning-based infection screening

system that incorporates a random tree algorithm (RTA) using

system-derived vital signs as training datasets, i.e., heart rates

(HR), respiratory rates (RR) and estimated axillary temperatures

( T EAX ) of 189 seasonal influenza patients (6–92 years) acquired

over the 4 influenza seasons from 2013 to 2017 in Japan at a family

doctor’s office and those of 189 healthy volunteers (18–85 years).

Using the proposed system, we conducted influenza screening

within 20 s for 52 patients (8–92 years) and 52 healthy volunteers

(21–60 years) in the 2017–2018 influenza cases. Influenza virus

isolation was performed using the Madin–Darby canine kidney

(MDCK) cell system. The patients were recruited at Takasaka Clinic,

Fukushima, Japan. Healthy volunteers were students and staffs of

Tokyo Metropolitan University and The Institute of Medical Radiol-

ogy Technologists at the Japan Self-Defense Force Central Hospital.

The present study was approved by the Ethics Committees of

Tokyo Metropolitan University, Hino Campus. 

In this study we adopted a modified version of the infection

screening system 

5 that was newly equipped with a temperature

calibration function for accurate axillary temperature estimation

via non-contact derived facial temperature ( T F ) ( Fig. 1 (a)). Es-

timated axillary temperatures ( T EAX ) was calculated using the

following equation: 

T EAX = 0 . 55 T F − 0 . 82 T A + 35 . 8 (1)

Where T F is the facial skin temperature measured by the

infrared thermography camera, T A is the ambient temperature

determined by a built-in thermistor. 

We used the WEKA 3.8.1 machine-learning software for RTA de-

termination via training datasets. RTA can be expressed using a

flow-chart, and it can be easily converted using final software pro-

duction rules, because it can be expressed as “if–then” statements

by the software. 6–8 

In influenza virus isolation, oropharyngeal and nasopharyngeal

swabs were collected from the patients as the clinical specimens

and they were inoculated onto MDCK followed by incubation in

the 5% CO 2 incubator at 34 °C for one week at the Virus Re-

search Center, Sendai Medical Center, National Hospital Organiza-

tion, Sendai, Miyagi, Japan. Influenza viruses type A, H1N1, and

H3N2 subtypes, type B, Victoria and Yamagata lineages, and type

C were isolated. 

Fig. 1 (b) shows RTA-based classification trees respectively cor-

responding to 2013–2014 (46 influenza patients and 46 healthy

volunteers), 2013–2014 and 2014–2015 (92 influenza patients and

92 healthy volunteers), 2013–2014, 2014–2015, and 2015–2016

(144 influenza patients and 144 healthy volunteers), and 2013–

2014, 2014–2015, 2015–2016, and 2016–2017 (189 influenza pa-

tients and 189 healthy volunteers). Mean HR, RR, and T EAX of

the patients in 2016–2017 were higher than those of the pa-
A novel machine-learning-based infection screening 

system via 2013–2017 seasonal influenza patients’ vital 

signs as training datasets 
c

ients in 2013–2014. In 2016–2017, 83% of the patients were

nfected with A(H3N2), where 59% of the patients were in-

ected with B/Victoria in 2013–2014. Previous research suggests

hat A(H3N2) was associated with more severe symptoms than

/Victoria. 9,10 

Sensitivity and NPV were determined for the 2017–2018 test set

ncluding 52 influenza patients and 52 healthy volunteers using

he RTA-based classification trees incorporating data sequentially

ccumulated from the influenza seasons from 2013 to 2017. Sen-

itivity and NPV increased as data from more previous influenza

easons were incorporated into the RTA-based classification tree

 Fig. 2 (a)). Fig. 2 (b) shows the infection screening results (as a

unction of axillary temperatures determined by a contact type

hermometer) of the 2017–2018 test set using the RTA-based clas-

ification tree derived using data from all influenza seasons from

013 to 2017 as the training dataset. 

Although 40% of the influenza patients being nonfebrile, the

TA-based infection screening system achieved 96.2% sensitivity

nd 96.0% NPV for the patients with a variety of clinical back-

rounds, while our previous method using the combination of a

eural network and k-means exhibited 84.6% sensitivity and 84.3%

PV using the same test datasets. 1 Also, the sensitivity of our

roposed method using the training dataset incorporating four

nfluenza seasons was 96.2%, more than 15% higher than that

sing dataset from just one influenza season (2013–2014). This can

e attributed to the fact that the 2013–2014 training dataset does

ot include data from patients infected with B/Yamagata, which

as the dominant lineage in the 2017–2018 test set. The location

here we collected our data, Takasaka Clinic, is near Yamagata

here B/Yamagata lineage was firstly isolated. The sensitivity

nd the NPV of the proposed system increased each year, and

hese increases are attributed to increases in annual training

ataset numbers and corresponding RTA-based classification tree

rowth. 

Regarding implementation, the RTA-based infection screen-

ng system is easily convertible to final production as software,

ecause the algorithm consists of simple combinations of

choice between the two” operations. This simplicity of the

TA-based infection screening system facilitates a computa-

ion time that is 600 times faster (0.02 s, excluding the

ime taken to measure vital signs) than that of the previous

ethod. 

The present study might have a limitation. While the study

id include patients with various clinical backgrounds, all the pa-

ients were recruited from a single facility, the Takasaka Clinic

n Fukushima, Japan. Influenza symptom severity and human vi-

al signs may differ slightly by global geographical location. Thus,

here is a need to verify the performance of RTA in clinical tri-

ls conducted in countries with tropical, subtropical and temperate

limates. 

In conclusion, RTA-based infection screening systems using

raining datasets appear promising for future rapid and accu-

ate screening for influenza in patients with a variety of clinical

ackgrounds. 
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Fig. 1. Schematic diagram of the measurement and evaluation procedure. (a) Machine-learning based infection screening system (b) random tree models trained with 

consecutive four years influenza cases. 

Fig. 2. Screening results derived from the 2017–2018 test set (52 influenza patients and 52 healthy volunteers). (a) Sensitivity values and negative predictive values (NPVs) 

were determined using the cumulative total amount of data available after each influenza season from 2013 to 2017. (b) Screening results using a random tree algorithm 

(RTA)-based classification tree generated using data from all influenza seasons from 2013 to 2017 (189 influenza patients and 189 healthy volunteers) as a function of axillary 

temperature determined by a contact type thermometer. 
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Dear Editor, 

In this paper, 153 children were studied and the results sup-

ported a review published in this journal on the next-generation

sequencing of pathogens. 1 NGS can be used as a new method

for the detection of pathogens, especially for unexplained en-

cephalitis/meningitis. Encephalitis is a serious central nervous sys-
5. Sun G. , Matsui T. , Hakozaki Y. , Abe S. . An infectious disease/fever screening
radar system which stratifies higher-risk patients within ten seconds using a

neural network and the fuzzy grouping method. J Infect 2015; 70 (3):230–6 . 
6. Zhao Y. , Zhang Y. . Comparison of decision tree methods for finding active ob-

jects. Adv Space Res 2008; 41 (12):1955–9 . 
7. Shajahaan S.S. , Shanthi S. , ManoChitra V. . Application of data mining

techniques to model breast cancer data. Int J Emerg Technol Adv Eng
2013; 3 (11):362–9 . 

8. Mishra A.M. , Ratha B.K. . Study of random tree and random forest data mining

algorithms for microarray data analysis. Int J Adv Electr Comput Eng 2016; 3 (4):
5–7 . 

9. Wie S.H. , So B.H. , Song J.Y. , Cheong H.J. , Seo Y.B. , Choi S.H. , et al. A comparison
of the clinical and epidemiological characteristics of adult patients with lab-

oratory-confirmed influenza A or B during the 2011–2012 influenza season in
Korea: a multi-center study. PLoS One 2013; 8 (5):e62685 . 

10. Kaji M. , Watanabe A. , Aizawa H. . Differences in clinical features between

influenza A H1N1, A H3N2, and B in adult patients. Respirology 2003; 8 (2):231–3 .
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Next-generation sequencing combined with routine 

methods to detect the pathogens of 

encephalitis/meningitis from a Chinese tertiary pediatric 

neurology center 
em (CNS) inflammatory disease involving the brain parenchyma.

eningitis is a disease involving the meninges, inducing headache,

ncreased intracranial pressure, and severe brain involvement.

espite significant advances in the diagnosis and treatment of

ncephalitis/meningitis, many cases still have unsatisfactory out-

omes. In the past few decades, more than half of infected children

n the California Encephalitis Project did not receive a pathogenic

iagnosis. Among 1570 children with encephalitis enrolled, nearly

3% of encephalitis patients had unidentified pathogens. 2 

Many pathogens can cause encephalitis/meningitis, however,

he pathogeny of up to 50% of cases worldwide is unknown. 3,4 In

ecent years, high-throughput DNA sequencing (HTS), also known

s next-generation sequencing (NGS), has gradually gained atten-

ion because of its wide coverage in pathogen detection. 5 –8 Current

eports incorporating NGS are mainly case reports, and no stud-

es on the positive rate of pathogens were published. This study

ill combine NGS with routine methods to detect the pathogens

f cerebrospinal fluid in children with encephalitis/meningitis, and

ill analyze the distribution of these pathogens. 

We recruited patients from February 2017 to August 2018 from

ifferent regions of China; all were inpatients of the Department of

eurology, Children’s Hospital affiliated with the Capital Institute

f Pediatrics. The diagnostic criteria for encephalitis/meningitis re-

er to the consensus on the definition of encephalitis in 2013 9 and

he diagnostic criteria for encephalitis in the Beijing encephalitis

roup. 

Cerebrospinal fluid NGS was carried out by the Binhai Genomics

nstitute. 

In our study, there were 153 children with encephalitis/ menin-

itis who met the enrollment criteria, 88 males and 65 females,

ith an average age of 5.45 ± 3.8 years (0.17–15 years). In 90

ases clear pathogens were detected, and the most pathogen is

nterovirus. (1) Routine methods: of 153 cases with cerebrospinal

uid bacterial culture, the number of positive cases was 9, ac-

ounting for 5.88%. Of 138 cases analyzed by Mycoplasma pneu-

oniae RNA-constant amplification technology detection, the num-

er of positive cases was 23, accounting for 16.67%. Of 153 cases,

he number of cases of enterovirus detected by real-time PCR was

2, accounting for 27.45%. (2) Cerebrospinal fluid NGS: Of 109

ases with NGS, 27 cases were positive, accounting for 24.77%.

outine methods combined with NGS were used in 95 children,

esulting in a total of 60 positive cases. The total positive rate

as 63.16%, of which the NGS positive rate was 24.77% and the

outine method positive rate was 49.02%, as shown in Fig. 1 .

3) The pathogens detected by the routine methods were: en-

erovirus, Mycoplasma pneumoniae , herpes simplex virus type 1,

andida, Streptococcus pneumoniae, Enterococcus faecium, Staphylo-

occus aureus, cytomegalovirus, and Epstein-Barr virus, a total of

 types of pathogens. The number of positive pathogens detected

y NGS were 27 (positive rate 24.77%, 27/109). The pathogens

etected by NGS were: Varicella zoster virus, human herpesvirus

A, human herpesvirus 6B, human herpesvirus type 7, herpes

implex virus type 1, adenovirus, EB virus, cytomegalovirus, par-

ovirus B19, Listeria monocytogenes, Mycobacterium tuberculosis,

treptococcus pneumoniae, Haemophilus influenzae, Enterococcus fae-

ium, Staphylococcus aureus, and Candida , a total of 16 types of

athogens. The Next-generation sequencing detected pathogens

ut not detected by routine methods included: Listeria monocy-

ogenes, Haemophilus influenzae, Mycobacterium tuberculosis, Vari-

ella zoster virus, herpes simplex virus type 6 (Type A and Type

), herpes simplex virus type 7, adenovirus, and parvovirus B19

ype. Next-generation sequencing of the two pathogens is shown in

ig. 2 . 

This is the first prospective study in China to use NGS combined

ith routine methods to detect pathogens in children with en-

ephalitis/meningitis in a relative large sample. Based on the rou-
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Fig. 1. NGS (next-generation sequencing), SAT (simultaneous amplification and testing), BC(bacterial culture). 

Fig. 2. Next-generation sequencing of listeria monocytogenes and adenovirus. 
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ine methods, NGS was used to detect pathogens in children with

ncephalitis/meningitis. Our research showed that routine methods

ombined with NGS increased the positive detection rate, and the

nown-pathogen spectrum was expanded. 

NGS has a wide coverage of pathogens and can detect thou-

ands of pathogens at the same time. In this study, Listeria mono-

ytogenes, Mycobacterium tuberculosis , adenovirus, herpes simplex

irus type 6, and human parvovirus B19 were all detected by NGS,
ut not by routine methods. Among these, Listeria monocytogenes

nd Mycobacterium tuberculosis are intracellular bacteria, and the

ositive rate of clinical bacterial culture is not high. NGS can sepa-

ate pathogens in the cell by breaking the cell wall, thereby allow-

ng detection of nucleic acid fragments and improving the positive

ate. The overall pathogen positive rate in this study was higher

han rates of most pathogens previously reported, and more types

f pathogens were detected than by routine methods alone. (In



418 Letter to the Editor / Journal of Infection 78 (2019) 409–421 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

h

©

L

F

t

D

 

e  

i  

W  

n  

s

 

n  

d  

i  

d  

e  

c  

w  
view of the low incidence of some pathogens, the routine detec-

tion of viruses in this study does not include some RNA viruses,

such as Japanese encephalitis virus, West Nile virus, rubella virus,

and dengue virus. If these were detected, the pathogen positive

rate may have been higher.) Compared with routine methods, NGS

has detected more than seven additional pathogens, providing evi-

dence for clinical precision treatment. 

Compared with routine methods, the positive rate of pathogens

detected by NGS was not higher. One possible reason is that

the routine methods are mainly for known pathogens, which

account for the majority of infections in children with encephali-

tis/meningitis. The most common known pathogen of encephalitis

is enteric viruses, and the enterovirus is an RNA virus. The NGS

method in this study was mainly for detection of DNA viruses. 

The study found that the positive rate of NGS is lower

than the rutine methods, but the number of pathogens de-

tected is more than the routine methods, so the NGS is

more suitable for the pathogenic diagnosis of unexplained

encephalitis/meningitis. To achieve full pathogen detection of

CNS infection, routine methods are needed in combination

with NGS. 
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h

olitis. John Bartlett isolated bacteria belonging to the Clostridia

enera from stool samples of hamsters suffering from pseudomem-

ranous colitis, and demonstrated that these Clostridia spp. were

esponsible for the cytopathogenic effect and toxin production. 2 

he Clostridia spp. studied belonged to the species C. difficile . 2 In-

eed, only the pure culture of C. difficile has been able to highlight

he pathogenicity of this bacterium in pseudomembranous colitis. 

In order to observe if it was possible to diagnose C. difficile

nfection using the metagenomic tool, we tested 30 stool sam-

les positive for C. difficile B toxin by real-time PCR (Xpert® C.

ifficile test by Cepheid, targeting tcdB, cdt and tcdC deletion nt

17 3 ), obtained from patients hospitalized for C. difficile colitis, as

ell as 19 controls (stool samples with negative C. difficile real-

ime PCR). We performed a MiSeq® sequencing as previously de-

cribed. 4 For the 30 C. difficile positive samples, we obtained a

ean of 108,924 reads per sample. Overall, these sequences were

ssigned to 523 different OTUs with taxonomic classification un-

il species level. Only 22/30 samples (73.3%) contained OTU as-

igned to C. difficile . In a second step, we performed, using Basic

ocal Alignment Search Tool (BLAST), a specific research for C. dif-

cile sequences among the metagenomic data. We detected this se-

uence in five supplementary samples, i.e. 27/30 samples (90%).

ndeed, without optimized analysis, metagenomics misses almost

0% of the pathogens causing the disease. This demonstrates as

reviously described for C. butyricum in necrotizing enterocolitis 5 

hat by metagenomics we find only what we are looking for. In

arallel, in the control group, no OTU corresponding to C. difficile

as detected by the analysis software or by manual BLAST. 

Our results can be compared to those of Zhou et al., with

he same approach, the authors analysed 22 C. difficile positive

tool samples by metagenomics; compare to qPCR, C. difficile was

etected in 90.9% of cases by 16S RNA-focused metagenomics. 6 

on-detection of C. difficile by metagenomics did not correlated

ith low abundance of the bacterium. 

Metagenomics has also been used for research on epidemic

f digestive infection. In an investigation of the 2011 outbreak of

higa-toxigenic Escherichia coli (STEC) O104:H4, the authors tried

o retrospectively identify by metagenomics the sequence of STEC

n stool samples previously found positive by culture. 7 Despite

 very high depth of sequencing, with about 20 millions of se-

uences per sample, in 13/40 cases (32.5%) the determinant gene

StxAB) was not detected. 7 

Metagenomics cannot detect some enteric pathogens. As an ex-

mple, Singh et al. analysed the gut microbiota from 200 patients

ith enteric infections ( Campylobacter ( n = 71), Shigella ( n = 34),

almonella ( n = 66), or STEC ( n = 28)) firstly diagnosed by culture

n comparison to 75 healthy controls. After V5-V3 16S RNA ampli-

cation, they performed pyrosequencing and demonstrated a com-

on alteration of the gut microbiota regardless of the type of

nfectious agent. 8 On their OTU results, for each enteric disease,

ampylobacter was found in only 41/71 (58,6%) patients, Salmonella

n only 22/66 (33,3%) patients. 8 This discrepancy is linked to the

epth bias, indeed, bacteria with a concentration of less than 10 ̂ 6

FU/mL are often not detected. 9 

Moreover, metagenomics analysis does not allow causative

athogen detection between many OTU. In a recent study on

entilator-associated pneumonia, authors compared metagenomic 

nd culture for pathogen diagnosis. Without the reference method

culture), there is no possibility to know which OTU proposed by

he metagenomic analysis is the causative agent. 10 

Metagenomics is insufficient to be used as a discovery tool in

tools for bacteria. Only a pure culture of microorganisms enables

s to understand their role with the possibility to elaborate exper-

mental models. 4 
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Evidence recently published in the journal confirms the

importance of hand hygiene to reduce infections and cross-

contamination of human pathogens in the community. 1 Quality

healthcare should be available to everyone. The World Health Or-

ganization’s (WHO) concept of Universal Health Coverage (UHC), 2 

embodies the urgent need for access to healthcare for all people

around the world. In addition to access, the concept of UHC in-

corporates the critical element of the necessary quality of deliv-

ered health care services. Infection prevention and control (IPC)

with hand hygiene as the most effective measure, is a practical and

evidence-based approach with demonstrated impact on quality of

care and patient safety across all levels of the health system. 

Each year, the WHO SAVE LIVES: Clean Your Hands campaign

aims to bring people together in support of hand hygiene im-

provement globally on or around May 5 th . 3 This year’s theme for

global annual hand hygiene day reflects a strong focus on provid-

ing clean care equally protecting all patients and healthcare work-

ers from infection and antimicrobial resistance transmission, across

all countries, including in low-resource settings. 

WHO urges ministries of health, health facility leaders, IPC lead-

ers, health workers, and patient advocacy groups to contribute to

effective IPC action including hand hygiene as a cornerstone of

quality in healthcare ( Table 1 ). WHO invites all healthcare facilities

to join the 2019 WHO Global Survey on IPC and Hand Hygiene by

using two validated assessment tools; one for evaluating the core

components of IPC programmes and the other for a deep dive in

hand hygiene activities ( https://www.who.int/infection-prevention/

campaigns/ipc- global- survey-2019/en/ ). 

On a facility level, the use of these tools gives institutions a

clear understanding of the strengths and weaknesses of their IPC

and hand hygiene programmes, and provides concrete actions to

address existing gaps. These tools allow institutions to improve

their IPC practices and policies in a concrete and measurable way,

at their own speed and in their own context. The surveys are

anonymous, and global results will be made available only using

aggregated data. This means that facilities and ministries of health

can commit fully to working on improving IPC and patient safety

without fear of scrutiny or possible negative repercussions. 

Globally, this survey will allow WHO to provide a situational

analysis on the level of progress of current IPC and hand hygiene

activities around the world and inform future effort s and resource

use for IPC capacity building and improvement. Global Surveys us-

ing the Hand Hygiene Self-Assessment Framework were already

conducted in 2011 and 2015, 4–6 making this year’s survey even
“Clean care for all – it’s in your hands”: the May 5 th , 2019 

World Health Organization SAVE LIVES: Clean Your Hands 

campaign 
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Table 1 

May 5, 2019, World Health Organization SAVE LIVES: Clean Your Hands campaign calls

Campaign participants Call to action 

Health workers “Champion clean care – it’s in your hands." 

IPC ∗ leaders “Monitor infection prevention and control standards – t

Health facility leaders "Is your facility up to WHO infection control and hand 

Ministries of health "Does your country meet infection prevention and cont

Patient advocacy groups "Ask for clean care – it’s your right." 

∗ IPC , infection prevention and control 
ore crucial for tracking the implementation of hand hygiene and

PC on a global scale ( Figure 1 ). 

Each improvement in IPC contributes toward quality UHC.

Clean care for all – it’s in your hands”! 
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Figure 1. May 5, 2019: “Clean care for all – it’s in your hands”! 

The May 5, 2019, World Health Organization SAVE LIVES: Clean Your Hands campaign slogan and main promotional image (2019 hashtags: #HandHygiene #InfectionPrevention 

#HealthForAll). Campaign participants are invited to submit photos or selfies of them holding a board with the slogan and hashtags at www.CleanHandsSaveLives.org 
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