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Abstract. Critically ill children with refractory fever despite broad-spectrum 
antimicrobial therapy are common encountered in infectious disease. Causes of 
persistent fever in these cases are rarely identified by conventional diagnostic 
methods. Clinical metagenomics provides a promising approach to identify 
known and novel pathogens when currently available methods fail to yield 
diagnosis. Potential pathogens in blood and/or tracheal aspirates from critically 
were identified from 34 critically ill children <15 years of age with refractory 
fever despite receiving broad-spectrum antibiotics using a metagenomic shotgun 
sequencing platform. Multiple microorganisms were identified in 82% of blood 
samples, with Stenotrophomonas maltophilia and Mycobacterium chelonae being the 
two most common bacteria (62% each), followed by Pseudomonas aeruginosa (9%). 
The three most common viruses identified in blood were herpes simplex virus/
HSV (26%), rhinovirus (20%), and human bocavirus (HBoV) (9%). Distribution 
of organisms in tracheal aspirates was comparable to that in blood samples. In 
conclusion, the metagenomic technique allowed identification of both potential 
pathogenic bacteria and viruses in blood and trachea of critically ill children 
with refractory fever and receiving broad-spectrum antibiotics; however, these 
findings should be interpreted with caution as no data from a case control group 
were available. 
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INTRODUCTION

O n e  o f  t h e  f re q u e n t l y  a s k e d 
questions during infectious disease 
consultation is the cause of persistent 
fever among critically ill patients despite 
broad spectrum antibiotic treatment and 
negative or non-contributory laboratory 
results (Rehman and deBoisblanc, 
2014). Each year, approximately 200-300 
children are admitted in the pediatric 
intensive care unit (PICU) of Queen 
Sirikit National Institute of Child Health, 
Bangkok, Thailand due to severe lower 
respiratory infection with respiratory 
failure (Vongpakorn, 2009). These patients 
constitute a highly susceptible population 
with disproportionately high incidence 
of nosocomial infection due to invasive 
procedures, drug resistance and patients’ 
weak defense mechanism (Valles and 
Ferrer, 2009), with many failing to improve 
despite the use of available antiviral and/
or broad-spectrum antibiotics. In a large 
proportion of these cases, the causative 
pathogen cannot be identified using 
conventional bacterial culture system 
and/or molecular diagnostics technology 
for viral pathogens (Chun et al, 2015). 

In order to prevent excessive and 
unnecessary use of antimicrobial/
antiviral agents in these patients, it is 
essential to distinguish between systemic 
inflammatory response syndrome (SIRS) 
and sepsis. Furthermore, pathogen 
identification as a cause of sepsis will 
enable use of proper antimicrobials. 
Although conventional blood cultures are 
considered gold standards for pathogen 
identification, various factors may result 
in low diagnostic yield, such as presence 
of nonbacterial pathogens, a low level of 
bacteremia, prior exposure to antibiotics, 
presence of fastidious or intracellular 
bacteria, and improper sample collection 

(eg insufficient amount of blood sampled) 
(He et al, 2006; Tiwari et al, 2013). In 
addition, these techniques require 
dedicated specialized staff and suffer 
from their intrinsic inadequacy in limiting 
multiplication of a fastidious organism, 
including several major viruses. Thus, 
polymerase chain reaction (PCR)-based 
detection techniques, flow cytometry 
and mass spectrometry have gained 
importance for their direct detection of 
pathogens with a shorter turnaround time 
(Hunfeld et al, 2008; Klouche and SchrÖder, 
2008). The advantages of these techniques, 
particularly PCR, are numerous in terms 
of speed, cost, automation, sensitivity, 
and specificity. However, the major 
disadvantage of a pathogen-specific PCR 
is that it is only able to identify predefined 
targets and its lack of genotype specificity, 
particular for highly variable or multiple 
genotype viruses such as enteroviruses or 
adenoviruses (Epsy et al, 2006).

At the same time, substantial progress 
has been made in DNA sequencing 
technology, allowing large numbers of 
DNA samples to be rapidly sequenced 
(Grumaz et al, 2020). The availability 
of next generation sequencing (NGS) 
technologies has the potential to transform 
and revolutionize infectious disease 
diagnostics and discoveries. “Clinical 
metagenomics” has the ability to analyze 
whole microbial communities from clinical 
samples based on huge data obtained 
from metagenomic shotgun sequencing, 
resulting in a rapidly-growing field of 
clinical metagenomics that provides a new 
insight into the relationship between the 
host and microbes (Chiu and Miller, 2019). 
Adoption of this technology in clinical 
practice remains a challenge owing to 
cost and limited ability to handle a large 
data set, which requires a bioinformatics 
specialist in data interpretation. 
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Several case reports and clinical 
studies have demonstrated the value of 
NGS as a single diagnostic tool where 
traditional diagnostics have otherwise 
failed; NGS has the potential to be 
broadly applicable to infectious disease 
diagnostics (Chiu and Miller, 2019). 
For example, it is estimated 63% of 
encephalitis cases are left without an 
identified etiologic agent despite extensive 
testing (Glaser et al, 2006). Existing case 
reports have shown successful adoption 
of NGS technology to diagnose unusual, 
emerging, or rare causative etiologies for 
encephalitis, such as Leptospira santarosai 
(Wilson et al, 2014), astrovirus (Naccache 
et al, 2015) and bornavirus (Hoffmann 
et al, 2015). In a study of 40 different 
diagnostic tests, which were employed 
but failed to yield any causes, a single 
NGS assay is successful in identifying the 
treatable pathogen(s) (Wilson et al, 2014). 
Similarly, utilization of NGS in identifying 
divergent astrovirus clades in a pair of 
encephalitis cases highlighted the value of 
this technique in elucidating the disease 
spectrum of this virus and its zoonotic 
potential (Quan et al, 2010). 

Similar to PCR technology, NGS 
offers a major way forward in microbial 
diagnostics beneficial in clinical practice. 
In April 2015, the American Academy of 
Microbiology conducted a colloquium to 
critically evaluate the trends in the use 
of NGS for infectious disease diagnostics 
(American Academy of Microbiology, 
2016). Despite its vast potential, one of 
the major challenges in clinical application 
is the handling the enormous volume of 
data produced by NGS. One particular 
l imitation involves differentiating 
organisms that are “innocent bystanders” 
or colonizers from true pathogens. 

Here, a study was conducted using 
metagenomic shotgun next generation 

sequencing to determine its diagnostic 
performance in identifying causative 
pathogen(s) causing persistent fever 
among critically ill children despite 
broad spectrum antibiotic treatment and 
negative or noncontributory laboratory 
results. The finding may be helpful to 
inform the potential etiologies and guide 
proper intervention such as antimicrobial 
option for this vulnerable critically ill 
population. 

MATERIALS AND METHODS

Patients’ enrollment
An observational descriptive study 

was conducted at the pediatric intensive 
care unit (PICU), Queen Sirikit National 
Institute of Child Health (QSNICH), 
Bangkok, Thailand. Inclusion criteria 
were: i) children 1 month to 15 years of 
age receiving care at PICU, QSNICH 
with radiographic confirmed pneumonia 
and respiratory failure (both community-
acquired and nosocomial pneumonia); 
and ii) presence of fever with axillary 
temperature ≥38°C for at least 48 hours 
after receiving broad-spectrum antibiotics, 
eg carbapenem with or without other 
antibiotics (beta-lactam plus beta-
lactamase inhibitors, colistin, quinolones, 
tigecycline, or vancomycin).  Clinical and 
outcome characteristics were obtained 
from medical records. Results from blood 
and tracheal aspirate culture or viral 
isolation by other methods according to 
routine investigation were obtained and 
compared to those from NGS findings.

The study protocol was approved 
by the Ethics Committee of Queen Sirikit 
National Institute of Child Health (EC 
approval no. 048/2558). Prior written 
informed consent was obtained from 
parents or legally guardian of each 
enrolled subject.
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Sample collection
A 3 ml aliquot of EDTA-blood sample 

was obtained with aseptic precaution and 
then centrifuged at 2,000 g for 10 minutes 
and plasma and blood were stored at 
-50°C until used. In addition, 3-5 mL 
aliquot of tracheal aspirate was obtained 
from the same patient and divided into 
two parts: i) a small amount of the aspirate 
was transferred to a sterile flocked swab 
and submerged in 3 ml of universal 
transport medium (Copan UTM®) and 
stored at -50°C and ii) the remaining 
sample was also stored at -50°C until 
used. All samples were then sent for DNA 
extraction and sample preparation at the 
Medical Genetics Center, Medical Life 
Science Institute, Department of Medical 
Sciences, Ministry of Public Health, 
Thailand before submitted to NGS at the 
Research Institute for Microbial Diseases 
(RIMD), Osaka University, Japan. 

DNA/RNA extraction, Illumina library 
preparation and sequencing

Plasma and tracheal aspirate samples 
were suspended in TRIzol reagent 
(Invitrogen, Carlsbad, CA) and RNA 
was then extracted using a PureLink RNA 
Mini Kit (Ambion, Austin, TX). DNA was 
extracted from blood samples using a 
DNeasy PowerSoil Kit (QIAGEN, Hidlden, 
Germany). Each RNA sample was reverse 
transcribed with SuperScript III Reverse 
Transcriptase (Invitrogen) using an N9 
random primer (Takara,Kusatsu, Shiga, 
Japan) and cDNA synthesized using 
Klenow (exo-)polymerase (New England 
Biolabs, Ipswich, MA). Metagenomic 
shotgun libraries were prepared with a 
Nextera XT Kit (Illumina) and sequenced 
(100 bp) using a HiSeq 2500 platform 
(Illumina).

Similarity search and taxonomic assignment
Illumina adapter sequences were 

removed using cutadapt-1.2.1 program 
(National Bioinformatics Infrastructure 
Sweden) and “trimmed” sequences 
were mapped to a human reference 
sequence (hg19) using Stampy software 
(Wellcome Centre for Human Genetics, 
Oxford, UK). Sequences not mapped 
to the human genome unmapped were 
used subjected to BLAST search of NCBI-
nt (https://www.ncbi.nlm.nih.gov/
genbank/) with a loge value cutoff of -5. 
Taxonomic information of each sequence 
was assigned and relative abundance of 
each detected organism was determined 
by text mining of BLASTn output files 
using BioRuby scripts (BioRuby: Open-
source bioinformatics library). 
Bioinformatics analysis

The results obtained from NGS 
generally consisted of several genetic 
fragments belonging to different types 
of bacteria, viruses, fungi, and protozoa. 
Therefore, a careful interpretation is 
necessary to decide which pathogen(s) is 
(are) the most likely cause of refractory 
fever. In the present study, NGS results 
are reported based on the top five highest 
reads of organisms known or have been 
previously reported as causing human 
infection (IOM Forum on Microbial 
Threats, 2009).
Statistical analysis

Data were analyzed descriptively 
using a Statistical Package for Social 
Sciences software version 15.0 for 
Windows (SPSS Inc, Chicago, IL). 

RESULTS

From February 2015 to February 
2016, 34 patients at PICU, QSNICH 
were enrolled. Approximately three-
fourth of cases were children under 5 
years of age. Seventy-three percent of 
cases had underlying disease of which 
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cardiovascular abnormalities being the 
most common followed by respiratory 
and genetic or congenital abnormalities. 
In addition to pneumonia and respiratory 
failure, common co-morbidities included 
septic shock with and without acute 
respiratory distress syndrome (Table 
1). The overall case fatality rate was 
23% (n = 8) and median [interquartile 
range (IQR)] length of stay 27 (16-43) 
days. The proportion of positive viral 
pathogens identified in blood samples 
by NGS was high (75%) among fatality 

cases compared to patients who survived 
(46%). Nevertheless, owing to the limited 
number of patients, it was not possible 
to identify independent risk factors 
for fatality or differentiate the effect of 
antibiotic use on survival outcome as 
all study subjects received relatively 
similar broad-spectrum antibiotic, such 
as carbapenem, colistin or vancomycin 
during their admission. 

According to standard conventional 
and routine investigations, only one 
case (3%) had positive blood culture 

Table 1
Demographic profile of participants at the pediatric intensive care unit, Queen Sirikit 

National Institute of Child Health, Bangkok, Thailand (February 2015 - February 
2016).

Characteristic Number (%)
(n = 34)

Male sex 	 18	(53)
Mean age 
	 1 months-<1 year
	 1-5 years
	 6-10 years
	 11-15 years

3 years
	 10	(29)
	 15	(44)
	 7	(21)
	 2	(6)

Presence of underlying diseases
	 Cardiovascular system
	 Respiratory system
	 Genetics or congenital abnormality
	 Malignancy
	 Neurological system

	 25	(73)
	 8	(23)
	 7	(21)
	 6	(18)
	 5	(15)
	 4	(12)

Presence of co-morbidity/other diagnosis
	 Septic shock
	 Septic shock with ARDS
	 Meningoencephalitis
	 Varicella zoster infection
	 Myocarditis
	 Kawasaki’s disease
	 Tracheitis 
	 IAHS
	 Dengue Infection
	 Mean duration of admission prior to specimen collection

	 16	(47)
	 6	(18)
	 2	(6)
	 2	(6)
	 1	(3)
	 1	(3)
	 1	(3)
	 1	(3)
	 1	(3)
	 1	(2.9)

6 days 

ARDS: Acute respiratory distress syndrome



Potential Pathogens from Critically ill Children with Persistent Fever

241Vol  51  No. 2  March  2020

for Pseudomonas stutzeri, while 59% of 
cases had positive potential pathogens 
identified in tracheal aspirates, with 15 
different types of bacteria (11 with single 
species and 4 with multiple species) 
(Table 2). Three cases had positive fungal 
cultures in tracheal aspirates (one case 
with an unidentified yeast and two 
cases with Candida albicans). There were 
two cases with a single virus infection 
identified by conventional respiratory 
panel PCR in tracheal aspirates (one case 
of respiratory syncytial virus and one 
case of rhino/enterovirus). There were 

three cases with positive identification 
of both bacteria and viruses in tracheal 
aspirates (rhino/enterovirus with 
Moraxella catarrhalis, parainfluenza with 
Acinetobacter baumannii, and rhino/
enterovirus with A. baumannii) and three 
cases with positive identification of both 
bacteria and fungi (two cases with C. 
albicans with A. baumannii and one case 
of Flavobacterium spp with an unidentified 
yeast). In tracheal aspirates the most 
common potential pathogen was A. 
baumannii (53%), followed by Pseudomonas 
aeruginosa (13%), and Stenotrophomas 

Table 2 
Comparative analysis of potential bacterial pathogens identified in blood and tracheal 

samples between conventional culture and next generation sequencing (NGS) 
techniques.

Bacterial pathogen
Blood sample (n = 34) Tracheal aspirate (n = 34)

Culture 
n (%)

NGS
n (%)

Culture
n (%)

NGS
n (%)

Gram-positive bacteria
	 Streptococcus pneumoniae
	 Staphylococcus aureus

0
0
0

	 1	(3)
	 1	(3)
	 0

	 1	(3)
	 0
	 1	(3)

	 1	(3)
	 0
	 1	(3)

Gram-negative bacteria
	 Stenotrophomonas maltophilia
	 Acinetobacter baumanii
	 Pseudomonas aeruginosa
	 Pseudomonas stutzeri
	 Klebsiella pneumoniae
	 Enterobacter cloacae
	 Aeromonas hydrophila
	 Serratia spp
	 Elizabethkingia meningosepticum
	 Flavobacteriaceae spp

0
0
0
0

1 (3)
0
0
0
0
0
0

	 31	(91)
	 21	(62)
	 2	(6)
	 3	(9)
	 3	(9)
	 2	(6)
	 0
	 0
	 0
	 0
	 0

	 14	(41)
	 2	(6)
	 8	(23)
	 2	(6)
	 0
	 0
	 0
	 0
	 0
	 0
	 2	(6)

	 39	(115)*
	 23	(67)
	 6	(18)
	 4	(12)
	 1	(3)
	 0
	 1	(3)
	 1	(3)
	 1	(3)
	 1	(3)
	 1	(3)

Mycoplasma pneumoniae 0 	 1	(3) 	 0 	 4	(12)
Nocardioides spp JS614 0 	 1	(3) 	 0 	 0
Mycobacterium spp
	 M. chelonae
	 M. abscessus

0
0
0

	 14	(41)
	 12	(35)
	 2	(6)

	 0
	 0
	 0

	 12	(35)
	 12	(35)
	 0

Multiple potential pathogens 0 	 28	(82) 	 4	(12) 	 25	(73)

*Due to multiple pathogens in the same sample.
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maltophilia (13%). 
NGS technique, as expected, identified 

more potential bacterial pathogens in 
blood and tracheal aspirate samples 
than from cultures (Table 2). From blood 
samples, the most common potential 
pathogens identified using NGS were 
Gram-negative bacilli, in particular S. 
maltophilia (62%). Of note, NGS technique 
also identified genetic elements of other 
groups of bacteria, eg Mycobacterium 
chelonae (62%) and Mycoplasma pneumoniae 
(3%). There were 28 cases with multiple 
potential pathogens in blood samples. 
From tracheal aspirates, NGS technique 
identified more Gram-negative bacterial 
species than in blood samples, with 
S. maltophilia being the most common 
(68%). A lower number of samples with 
M. chelonae and higher number with Myc. 
pneumoniae were detected in tracheal 
aspirates than in blood. There were 25 
cases with multiple potential pathogens in 
in tracheal aspirates. Of the 34 episodes of 
refractory fever, 21 (62%) of the episodes 
demonstrated concordance between 
potential bacterial pathogens identified 
in blood samples and tracheal aspirates 
based on NGS analysis. The two most 
common potential bacterial pathogens 
identified in these two types of samples 
were S. maltophilia and M. chelonae. In 
addition, there were 3 (9%) cases where 
Aspergillus oryzae was identified in both 
blood samples and tracheal aspirates.  

Tracheal aspirates of eight cases 
(23.5%) were sent for multiplex PCR for 
18 strains of a respiratory virus panel 
based on the physician’s discretion as a 
part of routine investigation during the 
early phase of PICU, QSNICH admission. 
Rhinovirus/enterovirus was the most 
commonly identified pathogen (50%), 
followed by parainfluenza type 3 and 
respiratory syncytial virus (37.5% each). 

NGS technique identified 17 different 
types of viruses in blood samples and 
tracheal aspirates (Table 3). In blood 
samples the most common viruses 
detected were rhinovirus C (12%), 
followed by human bocavirus (HBoV), 
herpes simplex virus (HSV1), human 
herpes virus 7 (HHV7), rhinovirus A and 
respirartory syncytial virus (RSV) (9% 
each). In tracheal aspirates HBoV was 
the most common virus (18%) followed 
by parainfluenza virus and rhinovirus 
C (12% each). From individual case 
analysis, rhinovirus C (n = 2), HBoV (n 
= 1), HSV (n = 1), and RSV (n = 1), were 
identified in both blood sample and 
tracheal aspirate from the same individual 
suggesting the invasive nature and 
potential cause of refractory fever in these 
patients. NGS assay also identified several 
unusual viral pathogens, eg GB virus C 
in blood sample of two cases and human 
coronavirus HKU1 in tracheal aspirate 
of one case. Among the eight cases 
whose tracheal aspirates were sent for 
conventional multiplex PCR of respiratory 
viruses, five (62.5%) cases demonstrated 
concordance with NGS findings. The 
most common virus identified by both 
methods was rhino/enterovirus (n = 2) 
and parainfluenza type 3 (n= 2) followed 
by RSV (n = 1), and HBoV (n= 1). One case 
had concurrently positive for 3 viruses 
for both multiplex PCR and NGS, ie 
HBoV, parainfluenza type 3 and RSV. No 
potential viral pathogens were identified 
among two cases by both multiplex PCR 
and NGS methods.

DISCUSSION

The study clearly demonstrates 
the superiority of NGS assay over 
conventional culture technique in 
detecting potential pathogenic pathogens 
in blood samples and tracheal aspirates as 
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causes of refractory fever among critically 
ill children with severe pneumonia 
requiring mechanical ventilation. With its 
high sensitivity, multiple types and species 
of micro-organisms were concurrently 
identified; many of them had not be 
reported to be associated with human 
disease or pathogenic condition. 

S. maltophilia was the most predominant 
potential pathogen identified in both 
blood samples and tracheal aspirates 
by NGS. This potential pathogen is 
recognized as a global multidrug-resistant 
opportunistic pathogen commonly 
associated with respiratory infection in 
healthcare environment (Yu et al, 2016).  
This finding may be attributed to its 
intrinsic resistance to several antibiotic 
classes via beta-lactamase production, 

efflux pumps and reduced membrane 
permeability (Brooke, 2012). Furthermore, 
resistance phenotypes are known to 
change during the course of treatment, 
complicating interpretation of the initial 
antibiogram profile (Garrison et al, 1996). 

Despite being recognized as a 
nosocomial pathogen, the precise modes 
of transmission of S. maltophilia in health 
care settings remain uncertain (Gherardi 
et al, 2015). Important features of this 
pathogen include ubiquitous presence, 
ability to persist in nutrient-poor aqueous 
environment and to form biofilms (An 
and Berg, 2018). Thus, S. maltophili can 
adhere to various types of materials, 
viz intravenous cannula, nebulizers 
and prosthetic devices, thereby causing 
nosocomial infection (Brooke, 2012). In 

Table 3
Distribution of viral genetic fragments identified in blood and tracheal aspirates by 

next generation sequencing.

Viral pathogen Blood (n = 34) 
n (%)

Tracheal aspirate (n = 34) 
n (%) 

Herpes simplex virus 1 (HSV1)*
Epstein-Barr viras (EBV)
Cytomegalo virus (CMV)
Human herpes virus 7 (HHV7)
Rhinovirus A
Rhinovirus B
Rhinovirus C*
Enterovirus D
Human respiratory syncytial virus*
Human Metapneumovirus
Human Parainfluenza virus
Human Bocavirus*
Influenza A
Influenza B
hepatitis G virus C
Human coronavirus HKU1 (HCoV-HKU1)
Human coronavirus NL63 (HCoV-NL63)
Multiple viruses

3 (9)
2 (6)
1 (3)
3 (9)
3 (9)
0
4 (12)
1 (3)
3 (9)
0
0
3 (9)
0
0
2 (6)
0
0
1 (3)

2 (6)
0
1 (3)
0
1 (3)
1 (3)
4 (12)
1 (3)
3 (9)
1 (3)
4 (12)
6 (18)
1 (3)
1 (3)
0
1 (3)
1 (3)
7 (20)

*Identified concomitantly in blood and tracheal aspirates in the same individual (n = 5, 15%). 
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addition, a metagenomics analysis of 
hospital air identified Stenotrophomonas, 
Aspergillus and Penicillium spp. among 
the most abundant pathogens (King et 
al, 2016). 

Although S. maltophil ia  can be 
detected in several samples using NGS 
method , very few cases were identified by 
conventional blood and tracheal aspirate 
culture method. This could be attributed, 
in part, to S. maltophilia being generally 
associated with polymicrobial infections 
or growing slowly in the host, resulting 
in difficulty in culturing this bacterium. 
The use of selective media such as 
Gram-negative selective agar medium or 
medium containing antimicrobial agents 
such as vancomycin, imipenem, and 
amphotericin B (VIA medium) has been 
recommended (Denton et al, 2000; Moore 
et al, 2003).

M. chelonae was among the most 
commonly identified potential pathogens 
in blood samples and tracheal aspirates. 
This organism belongs to the group of 
rapidly growing mycobacteria (RGM), 
which are ubiquitous environmental 
organisms and are mostly resistant 
to traditional anti-tuberculous agents 
(Jones et al, 2019). Bloodstream infection 
due to RGM is an emerging problem 
and poses a therapeutic challenge 
(Rodriguez-Coste et al, 2016). The majority 
of nosocomial M. chelonae infection 
and other RGM occur in a population 
with multiple comorbidities, mostly 
immunosuppression and malignancy; 
in addition, they are associated with 
catheter-associated sepsis (McCracken 
et al, 2000; Antony, 2015; Mankad et al, 
2015;). In more severe cases, this can turn 
into mycobacterial endocarditis (Yuan et 
al, 2015). A retrospective review of cases 
of nontuberculous mycobacteria (NTM) 
in children indicated M. chelonae/abscessus 

are predominant strains in the pediatric 
population (Iroh Tam et al, 2015).

Another mycobacterium identified in 
blood samples was M. abscessus, which is 
attributed as a cause of catheter-related 
bloodstream infection (Su et al, 2013), 
outbreak in PICU (Jamal et al, 2014) and 
bacteremia in compromised hosts (Lee et 
al, 2014). The role of these pathogens as a 
cause of refractory fever or SIRS needs to 
be confirmed in future studies that include 
control groups. 

Mycoplasma pneumoniae was identified 
in 12% tracheal aspirates. In general, 
mycoplasma pneumonia is considered a 
community-acquired infection. However, 
a few reports have identified this organism 
as a causative agent of nosocomial 
pneumonia (Wang et al, 2010). This may 
be due to its relatively long incubation 
period (1-4 weeks). It is possible that some 
patients may have already been infected 
with this organism before admission 
and the infection subsequently becomes 
evident. Nilsson et al (2008) demonstrated 
persistence of Myc. pneumoniae DNA in 
airways with median time of carriage of 
7 weeks (range 2 days to 7 months) after 
disease onset. Thus, it is possible that 
the detection of Myc. pneumoniae could 
also be the result of a recent infection 
rather than an active one. Nevertheless, 
Myc. pneumoniae can cause nosocomial 
pneumonia following assisted ventilation, 
suggesting hospital transmission of this 
pathogen (Casalta et al, 1996). On the other 
hand, a high proportion of asymptomatic 
children carry M. pneumoniae in the upper 
respiratory tract and current molecular 
diagnostic technology or serology cannot 
discriminate between Myc. pneumoniae 
infection and carriage (Meyer Sauteur 
et al, 2016). In addition, clinical and 
radiographic characteristics are rather 
nonspecific for Myc. pneumoniae infection 
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(Meyer Sauteur et al, 2016).
Blood culture provided very little 

information on the cause of refractory 
fever. Only one case exhibited a positive 
blood culture for P. stutzeri ,  while 
three samples were positive by NGS. P. 
stutzeri is a saprophytic Gram-negative, 
nonfermenting rod bacterium found 
in soil and water (Halabi et al, 2019). P. 
stutzeri has been reported to be present 
in wound infection, community-acquired 
pneumonia, bacteremia, osteomyelitis, 
septic arthritis, eye infections, otitis 
media, community-acquired pneumonia, 
brain abscess, and bacteremia mainly 
among immunosuppressed patients 
(Goetz et al, 1983; Keys et al, 1983; Puzenat 
et al, 2004; Yee-Guardino et al, 2006; Bello, 
2007). The etiological role of P. stutzeri 
in refractory fever or SIRS remains to be 
confirmed because infections caused by 
this organism are rare and it is usually 
considered a saprophytic organism.

The most common viral genetic 
elements identified in blood samples 
were from human Herpes virus group. 
Whether this finding indicated these 
viruses were the cause of fever or evidence 
of viral reactivation during the critically 
ill period was not clear. Berrington et 
al (2009), in a retrospective analysis of 
blood samples from hospitalized patients, 
found sepsis and respiratory failure in 
31 and 23% of cases respectively with 
detectable HSV DNA in cases with 
relatively higher mortality rate of 60% 
in immunocompromised hosts and 
33% in immunocompetent patients. 
Lepiller et al (2015), from examination 
clinical relevance of HSV viremia in 
critically ill patients in ICUs, reported 
HSV DNA in 11.8% of cases, the majority 
of whom with HSV-viremia episodes 
have immunosuppressed status or are on 
mechanical ventilation (79.5 and 65.9% 

respectively). HSV disseminated infection 
has been reported mainly in neonates 
and/or severely immunosuppressed 
children (Holzinger et al, 2010; Nagamori 
et al, 2012; Kotzbauer et al, 2014; Maeba et 
al, 2015; Patrick et al, 2015). 

The most common respiratory virus 
detected in blood samples was human 
rhinovirus/enterovirus (HRV/ENT), 
followed by RSV and HBoV, in keeping 
with a report from Spain HBoV is the 
third most common virus, after RSV and 
rhinovirus, in severe respiratory infection 
among children ≤14 years of age (Garcia-
Garcia et al, 2007).

HBoV was  the  most  common 
potential viral pathogen identified in 
tracheal aspirates, followed by HRV/
ENT, parainfluenza virus, and RSV. In 
individual case analysis, HBoV, RSV, and 
rhinovirus C were identified in both blood 
sample and tracheal aspirate from the 
same individual, suggesting the invasive 
nature and potential cause of refractory 
fever in these patients.

One case of  HCoV-HKU1 was 
identified in tracheal aspirate. This 
virus was first identified in Hong Kong 
in January 2005 (Woo et al, 2005) and is 
associated with mostly self-limiting upper 
and lower respiratory infection (Lau et al, 
2006; Woo et al, 2009). A survey in Korea in 
2007-2008 identified HCoV-HKU1 in 2.5% 
of respiratory samples from patients with 
acute respiratory illness (Lee et al, 2013).

Two cases were positive for GB 
Virus C using NGS assay. This virus, 
formerly known as hepatitis G virus 
(GBV)-C/HGV, is a positive, single-
stranded flavivirus (Giret and Kallas, 
2012). Although transmission via the 
blood-borne route is the most common 
mode, vertical and sexual transmission 
has also been documented (Wiwanitkit, 
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2006). GB Virus C is distributed globally 
with 10-fold higher prevalence in African 
compared to non-African countries, but 
its clinical significance in human infection 
remains unclear (Sathar et al, 2000; Abe, 
2001; Waqar et al, 2002; George and 
Varmaz, 2005). Approximately 12-15% of 
chronic non-A, B and C hepatitis cases 
are infected with GB Virus C (Sathar et 
al, 2000), but a direct association with 
liver pathology is still lacking and it is 
unclear whether GB Virus C is indeed a 
hepatotropic virus.

One major consideration of NGS 
diagnostics in clinical practice is the 
lack of standardization or consensus on 
the minimum microbial/human DNA 
ratio resulting in clinical conditions 
(including infection and/or inflammation 
or increased cancer risk) (de Leng et 
al, 2016). This value is likely to be 
species-specific: for example, in order to 
identify the potential cause of Merkel cell 
carcinoma, Feng et al (2008) established a 
viral/human RNA of 0.0005% as being 
a value associated with carcinogenesis, 
while Palacios et al (2008) considered a 
viral/human RNA of 0.0135% for a new 
arenavirus to be indicative of the cause of 
fatality in undifferentiated febrile illness.

Molecular  diagnosis  has been 
successful in confirming the discovery 
of an emerging pathogen as the cause 
of severe acute respiratory syndrome 
(SARS)-coronavirus outbreak in 2003 
(Chan et al, 2004). The same virus was 
identified in various specimens, such 
as stool, gastric content, and pooled 
nasal and throat swabs, suggestive of 
extensive systemic replication, which 
correlated with disease severity. Thus, 
to make a strong conclusion regarding 
a causative organism, it may be helpful 
if the same/similar potential pathogen 
can be identified in multiple body fluid 

specimens, especially when investigating 
and/or making diagnosis of emerging 
infectious diseases. 

Another  important  concern is 
the reliability of samples not being 
contaminated from environmental 
sources. This issue requires stringent 
containment and analysis protocols when 
using NGS technology in identifying 
potential pathogens in clinical samples. 
Laurence et al (2014) and Strong et al 
(2014) reported bacterial contamination 
is an important issue requiring extensive 
consideration in NGS-based pathogen 
detection and diagnosis as the amount 
of bacterial contamination can be high 
enough to impact diagnosis. In addition, 
other types of contamination in the NGS 
process have been reported (Naccache 
et al, 2013; Percudani, 2013), although 
mitigation methods have been proposed 
(Cibulskis et al, 2011; Schmieder and 
Edwards, 2011; Jun et al, 2012). Thus, 
results from NGS techniques should be 
confirmed by other independent methods 
such as RT-PCR and PCR (Laurence et al, 
2014; Strong et al, 2014). Interpretation 
of results remains difficult for most 
technicians, and even more for clinical 
microbiologists. Better guidelines are 
needed for interpretation of the results in 
order to fully utilize NGS technology in 
clinical diagnosis.

The study suffers from a major 
weakness: a lack of case controls to allow 
interpretation of the results, in particular 
the viruses detected by NGS technique 
and not previously found in such patients. 
Some of these potential pathogenic agents 
may be ubiquitous in blood and lungs of 
patients with compromised lung function. 

In conclusion, notwithstanding these 
reservations, NGS technology holds 
promise as a sensitive and specific tool 
for identification of pathogens among 
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critically ill children (and others) with 
severe pneumonia with refractory fever. 
However, suitable control samples from 
healthy subjects and/or paired samples 
obtained after recovery, will be required 
in future studies.
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