HYBRID-CAPTURE NEXT-GENERATION SEQUENCING
FOR VIRAL DETECTION IN ACUTE FEBRILE ILLNESS
OF UNKNOWN ETIOLOGY PATIENTS
IN NAKHON PHANOM AND TAK PROVINCES, THAILAND

Sumonmal Uttayamakull, Kornkanok Prasertsoml, Don Changsoml,
Naphak Moonnamarngl, Peera Hemarajata2 and Pilailuk Akkapaiboon Okada'

'National Institute of Health, Department of Medical Sciences, Ministry of Public
Health, Nonthaburi Province, Thailand; ?Association of Public Health Laboratories,
Thailand Office, Nonthaburi Province, Thailand

Abstract. An acute febrile illness (AFI) with an unknown etiology
is a major diagnostic challenge in tropical settings. In this study we
aimed to evaluate hybrid-capture next-generation sequencing (NGS) for
detecting viral pathogens in hospitalized AFI patients with negative
routine diagnostic results in order to determine the kinds of viruses
causing an AFI in the study locations that were missed by routine
testing and the proportion of those cases that could be detected by
hybrid-capture NGS testing. We retrospectively examined previously
collected serum samples obtained from patients hospitalized with AFI
during 2017-2020 in Nakhon Phanom and Tak Provinces, Thailand in
whom no etiology was determined and in which an adequate sample was
available to conduct the specified testing. In each sample, total nucleic
acids were extracted and analyzed using a hybrid-capture NGS test with
the Twist Comprehensive Viral Research Panel and interpreted using
a metagenomics pipeline with predefined background-subtraction and
positivity criteria. The median age of the study subjects in whom the
samples were obtained was 36 (range: 2-79) years, 60.0% females. Viral
pathogens were detected by hybrid-capture NGS in 65 (56.5%) of the
115 samples. Cytomegalovirus (n =29, 25.2%) and Epstein-Barr virus
(n=27,23.5%) were the most frequently identified pathogens, followed
by enterovirus A (n =2, 1.7%), enterovirus B (n =1, 0.9%), hepatitis B
virus (n =2, 1.7%), human herpesvirus 7 (n =2, 1.7%), influenza A virus
(n=1,0.9%), and Kaposi’s sarcoma-associated herpesvirus (n=1, 0.9%).
It is important to remember easily tested for viruses, such as influenza
viruses, were already tested for and found to be negative in order to
be included in this study. In summary, hybrid-capture NGS was able
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to determine more than half of samples previously testing negative

with routine testing and the most common viruses detected were CMV
and EBV. We conclude the hybrid-capture NGS may be beneficial for
evaluating viral AFl in which the etiology is unclear with routine testing.

Further studies in other populations are needed to determine when and

in what situations the hybrid-capture NGS would be of most benefit in

guiding management of patients with AFI of unknown etiology.
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INTRODUCTION

An acute febrile illness (AFI) is
defined as a sudden onset of fever
>38°C lasting 2-14 days without an
identified etiology (Saravanan et al,
2022). It is frequently associated
with non-specific symptoms, such
as headache, myalgia, malaise
or gastrointestinal discomfort
(Saravanan et al, 2022, Wodniak
et al, 2024). AFIs are especially
found in resource-limited settings
where the disease burden is high

and infectious diseases are common
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(Bhaskaran et al, 2019). The
etiologies of AFIs vary and may be
caused by viral, bacterial, parasitic
or fungal pathogens. More than
70 different pathogens in these 4
groups have been reported to cause
AFI (Grundy and Houpt, 2022)
making diagnosis challenging. In
Thailand surveillance studies of
AFI, 61.3% of cases after routine
laboratory testing had no identified
etiology (Leelarasamee et al, 2004;
Wodniak et al, 2024) highlighting

ongoing diagnostic challenges.

Vol 57 No.3 May-June 2026



HyYBRID-cAPTURE NGS FOR AFI VIRAL DETECTION

Viral infections are a common
cause of AFI and diagnosis can be
difficult since many viruses have
overlapping presentations and there
is little access to comprehensive
diagnostic testing (Yozwiak et
al, 2012). Rapid diagnostic tests,
serology and quantitative real-
time polymerase chain reaction
(qRT-PCR) tests are restricted
to predefined target viruses and
may fail to detect unexpected
These

limitations show the need for

or emerging pathogens.

sensitive, comprehensive testing
that identifies a variety of the most

common viral pathogens.

Next-generation sequencing
(NGS) may meet this need since
this testing allows for identification
of a variety of viral agents which
are difficult to cultivate (Boers
et al, 2019).

metagenomic tests, such as 165

Amplicon-based

ribosomal RNA gene sequencing,
are available to identify bacterial
pathogens (Janda and Abbott,
2007). Viral metagenomics attempts
to detect a variety of viruses

which are not detected by routine
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diagnostic testing (Gauthier et
al, 2023).

metagenomic sequencing has

However, untargeted

difficulty in identifying viruses
in samples with a low viral load.
Hybrid capture-based enrichment
strategies can improve viral
detection by amplifying viral
nucleic acids in clinical specimens
improving the sensitivity of the
test (Metsky et al, 2019). One study
reported a hybrid capture panel
targeting vertebrate viruses in
cerebrospinal fluid from patients
with meningoencephalitis yielded a
100- to 10,000-fold increase in viral
detection compared to unenriched
metagenomic sequencing, with
a sensitivity comparable to PCR
testing (Mourik et al, 2024).

The Twist Comprehensive Viral
Research Panel targets thousands
of viral genomes and provides a
broad, sensitive platform for viral
detection (Twist Bioscience, 2020).
This method allows detection of
a wide range of viral pathogens,
including emerging and re-
emerging viruses, with improved

sensitivity compared to untargeted
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metagenomics (Wylie et al, 2015).
Combining hybrid-capture based
enrichment with NGS improves
detection of viruses with a low viral
load and co-infections often missed
by previous diagnostic testing
(Metsky et al, 2019).

In this study we aimed to
evaluate hybrid-capture next-
generation sequencing (NGS)
for detecting viral pathogens in
hospitalized AFI patients with
negative routine diagnostic results
in order to determine the kinds
of viruses causing an AFI in the
study locations that were missed by
routine testing and the proportion
of those cases that could be detected

by hybrid-capture NGS testing.
MATERIALS AND METHODS

Study subjects

Study subjects were those
hospitalized for acute febrile illness
(AFI) in Nakhon Phanom and
Tak Provinces, Thailand, during
2017-2020 in whom routine testing,
including routine testing, blood
cultures and polymerase chain

reaction (PCR) testing did not show
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an etiology. Common real-time
PCR testing checks for dengue
virus, chikungunya virus, Zika
virus, Japanese encephalitis virus,
pathogenic Leptospira, Salmonella
spp, Burkholderia pseudomallei,
Plasmodium spp and Orientia

tsutsugamushi.
Study samples

Serum samples had previously
been obtained from each study
subject and we retrospectively
examined these samples for our
study. The samples had been stored
at -80° until use. Samples with
insufficient volume or in which
subject data was missing were not
examined in our study and the

subjects were excluded.

Sample evaluation

A total of 115 serum samples,
from patients with a viral infection
but no identified type of virus, were
retrospectively analyzed using
the Twist Comprehensive Viral
Research Panel. The performance of
the panel for viral genome detection
was evaluated through comparison

of positive samples obtained by

Vol 57 No.3 May-June 2026



HyYBRID-cAPTURE NGS FOR AFI VIRAL DETECTION

real-time PCR and hybridization

based next-generation sequencing.
Nucleic acid extraction

Total nucleic acid was extracted
from 200 pl of each serum
sample using the ZymoBIOMICS
MagBead DNA/RNA kit (Zymo
Research, Irvine, CA), according
to the manufacturer’s instructions.
The extracted nucleic acids were
eluted in DNase/RNase-free water
(Zymo Research, Irvine, CA) to give
a final volume of 35 pl and then

stored at -80°C until used.

Library preparation

Library preparation was
performed using the Twist
Comprehensive Viral Research
Panel workflow (Twist Bioscience,
South San Francisco, CA) following
the manufacturer’s instructions.
Briefly, 5 ul of extracted nucleic
acid was synthesized into first-
stranded complementary DNA
(cDNA) using the ProtoScript II
First Strand ¢cDNA Synthesis Kit
(New England Biolabs, Ipswich,
MA). Second-strand synthesis was

subsequently performed using the
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NEBNext Ultra II Non-Directional
RNA Second Strand Synthesis
Module (New England Biolabs,
Ipswich, MA).

After cDNA synthesis, DNA
fragmentation, end repair and
dA-tailing were performed using
the Twist Library Preparation EF
Kit 1.2 (Twist Bioscience, South
San Francisco, CA) following the
manufacturer’s thermal cycler
program consisting of: an initial
hold at 4°C, incubation at 37°C for
20 minutes and 65°C for 30 minutes,
followed by a final hold at 4°C.
Adapter ligation was carried out
using 2.5 ul of the Twist Universal
Adapter, mixing and then adding
20 ul of Ligation Master Mix. The
reaction was incubated at 20°C for
15 minutes in a thermal cycler.
Then, 60 ul of homogenized (0.8x)
DNA Purification Beads were added
and incubated for 5 minutes. The
tube was placed on a magnetic
stand for 1 minute and washed
twice with 200 ul 80% ethanol.
The beads were air-dried and 17
ul nuclease-free water was added

to resuspend the beads. The tube
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was returned to the magnetic stand
until a clear bead pellet formed.
An aliquot of fifteen microliters of
the eluate was transferred to a PCR

tube for library amplification.

PCRamplification was performed
by adding 10 ul Twist UDI primers
and 25 pl Equinox Library Amp
Mix. We performed thermocycling
following denaturation at 98°C for
45 seconds, 8 cycles of 98°C for 15
seconds, 60°C for 30 seconds, and
72°C for two minutes, with extension
at 72°C for one minute and a hold
at 4°C. Following amplification,
purification was conducted by
adding 50 pul homogenized DNA
Purification Beads, incubating for
5 minutes and placing the tube on
a magnetic stand for 1 minute. The
resultant pellet was washed twice
with 200 pl 80% ethanol, air-dried
and then eluted in 22 ul nuclease-
free water. After a two-minute
incubation, the tube was placed
back on the magnetic stand for
three minutes and 20 pl of the final
eluate was transferred to a new
PCR tube. Library quantity was
assessed using the Qubit dsDNA
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High-Sensitivity Assay Kit (Thermo
Fisher Scientific, Waltham, MA).

Target enrichment and sequencing

Enriched viral libraries were
generated by hybridization with
biotinylated probes specific for
the Twist Comprehensive Viral
Research Panel. The required
volume of each indexed library was
calculated as the volume of each
library needed for hybridization,
aiming for the final quantity of 1,500
ng pooled library per hybridization.
The Twist Viral Panel reagents were
then added and the hybridization
reaction was performed at 70°C
for 16 hours in a thermal cycler
with the lid at 85°C. Next, the
hybridized samples were bound to
the prepared streptavidin binding
beads and incubated for 5 minutes
at 60°C. After incubation, the tubes
were placed on a magnetic stand for
1 minute, and the supernatant was
discarded. The beads were then
washed with Wash Buffer 1 at 68°C
and incubated for 5 minutes at 68°C.
After incubation, the mixture was
transferred to a microcentrifuge

tube, placed on a magnetic stand,
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and the supernatant was removed.
The beads were washed again with
Wash Buffer 2 at 48°C and incubated
for 5 minutes at 48°C, followed by
two additional wash steps with
the same buffer. Finally, 45 ul of
purified water was added to elute

the captured targets.

The PCR mixture containing the
streptavidin binding bead slurry
was prepared and amplified under
the following cycling conditions:
initial denaturation at 98°C for 45
seconds, followed by 17 cycles of
98°C for 15 seconds, 60°C for 30
seconds, and 72°C for 30 seconds.
A final extension was performed at
72°C for 1 minute, and the reaction
was then held at 4°C. The PCR
product was purified using 90 ul of
1.8x DNA Purification Beads. The
tube was then placed on a magnetic
plate for 1 minute to separate the
supernatant, which was removed.
The beads were washed twice with
200 pl of 80% ethanol and were
air-dried. Following, 32 ul of water
was added to elute the DNA. The
mixture was incubated for 2 minutes

and then placed on the magnetic
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plate for 3 minutes. Finally, 30 ul
of the clear supernatant containing
the enriched library was transferred
to a PCR tube. The quality of
the final library was assessed by
measuring the DNA concentration
with a Qubit fluorometer (Thermo
Fisher Scientific, Waltham, MA)
and evaluating fragment size
distribution using a TapeStation
system (Agilent Technologies,
Santa Clara, CA). The enriched
pooled library was diluted per
Illumina’s instructions for MiSeq

Reagent and sequenced on Illumina

MiSeq (v3 600-cycle).
Bioinformatic analysis

Raw sequence reads were
processed through the CZ ID
[Ilumina mNGS pipeline v8.3 (Chan
Zuckerberg Biohub, San Francisco,
CA). Quality filtering, subtraction
of host-derived reads and taxonomic
classification were carried out
using default pipeline parameters.
Each sequencing run included
one non-template control (NTC),
which was processed through

the complete library preparation
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and sequencing workflow. Reads
detected in the NTC across runs
were combined to construct the
background model. Taxa appearing
in the NTC or falling below the
NTC-derived abundance thresholds
were classified as background
signal and removed during
analysis. Only taxa that remained
after background subtraction
were considered for downstream
interpretation. We applied the
“lightbulb” criteria from the CZ ID
sample report: taxa with nucleotide
alignment (NT) reads per million
(rPM) >1, non-redundant protein
alignment (NR) rPM >1, NT Z-score
>1 and NR Z-score >1 and ranked
among the top three scoring species
were highlighted (blue lightbulb
icon) and considered candidates
for positivity. NT and NR rPM
reflected the quantity and genomic
dispersion of aligned reads, while
NT and NR Z-scores indicate
statistical enrichment above the
run-specific background model.
Samples in which microbial taxa
were detected, but none met the

predefined CZ ID lightbulb criteria,
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were classified as indeterminate.
For our study, we further required
a minimum threshold of 10 aligned
reads or non-redundant contigs to
call a taxon positive. When viral
taxa met both the lightbulb and
minimum-read criteria, we then
performed reference-based genome
mapping and coverage visualization
to confirm taxon identity and assess

genome completeness.

Statistical analysis

Descriptive statistics were used
to summarize demographic data.
Medians and interquartile ranges
(IQR) were calculated and used to
describe subject ages and genders.
Continuous variables were analyzed
using the Kruskal-Wallis test and
categorical variables were analyzed
using the chi-square test. A p-value
<0.05 was considered statistically
significant.

Ethical considerations

The study protocol was approved
by the Research Ethics Committee,
Department of Medical Sciences,

Ministry of Public Health, Thailand
(approval ID: DMSc-ECO038).
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RESULTS

Subject characteristics

A total of 115 subjects were
included in the study. The median
age of subjects was 36 (range
2-79; IQR = 37) years. Sixty-nine
subjects (60.0%) were females. Most
subjects were Thai (95.7%, 110/115)
and the remaining 5 subjects were
Myanmar, Karen and stateless. The
most commonly reported clinical
symptoms among subjects were
fatigue (91.3%), loss of appetite
(73.9%), cough (61.7%) and chills
(60.0%).

Validation of Twist Comprehensive
Viral Panel

To validate the performance
of the Twist Comprehensive Viral
Panel for viral genome detection,
7 serum samples from the original
AFI surveillance project were
selected. These samples had
all been previously confirmed
positive by real-time qPCR for
their respective pathogens. The
Twist panel successfully detected

all targeted pathogens in these

samples, demonstrating 100%
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concordance with the prior qPCR
results (Table 1). Based on these
findings, the described wet-lab
and bioinformatics workflows were
used to identify viral pathogens in
the 115 from the 115 study subjects.

Detection profile of viral pathogen

The Twist panel was applied
according to the criteria defined
in the Methods (taxa meeting the
background-model subtraction,
lightbulb threshold, and minimum
read/contig counts). Viral pathogens
were detected in 65 of the 115
samples (56.5 %). Although multiple
taxa were occasionally detected
at low levels, no samples met the
predefined positivity criteria for
more than one pathogen. Therefore,
no coinfections were identified. Of
the 65 positive samples, the most
frequently detected viruses were CMV
(n =29, 25.2%) and EBV (n = 27,
23.5%) followed by HBV (n=2,1.7%),
HHV-7 (n = 2, 1.7%), enterovirus
A (n=2,1.7%), enterovirus B
(n =1, 0.9%), influenza A virus
(n=1, 0.9%) and Kaposi’s sarcoma-
associated herpesvirus (KSHV)
(n=1,0.9%) (Fig 1).
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Fig 1 - Types, numbers, and percentages of viruses detected among study samples

using the Twist Comprehensive Viral Panel (N = 115)

CMV: cytomegalovirus; EBV: Epstein-Barr virus; HBV: hepatitis B virus;

HHV-7: human herpesvirus-7; KSHV: Kaposi’s sarcoma-associated herpesvirus

We also
representative coverage metrics
for CMV and EBYV, the two most
frequently detected viruses in our

Because CZ ID does not

summarized

dataset.
generate traditional genome-wide
breadth or depth, we used the
platform’s abundance metrics (NT
and NR rPM) and significance
metrics (NT and NR Z-scores) as
surrogates for sequence coverage.
Among CMV-positive samples,
the median NT rPM was 17.5

430

(interquartile range (IQR for the
middle 50%): 36.7) and the median
NR rPM was 14.5 (IQR for the
middle 50%: 35.5).
samples had a median NT rPM of
22.8 (IQR for the middle 50%: 78.0)
and a median NR rPM of 21.5 (IQR
for the middle 50%: 52.1). For
both CMV and EBV viruses, the
NT and NR Z-scores consistently

EBV-positive

reached the CZ ID maximum of
100, indicating a strong signal

above background. Although
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hybrid-capture sequencing often
yielded partial genome recovery,
the combination of measurable
rPM values, maximal Z-scores, and
reads mapping to multiple genomic
regions (data not shown) support

the validity of these detections.

The median age of EBV-positive
patients (47 years) was older than
the median age of CMV-positive
patients (25 years) and the median
age of EBV-negative patients (40
years). Females comprised 55.6%
of EBV-positive and 62.1% of CMV-
positive patients, with a similar
proportion among EBV- and CMV-
negative patients. Headaches and
chills were common in all groups.
Headaches were reported in 66.7%
of EBV-positive and 65.5% of CMV-
positive patients.
was reported in 25.9% of EBV-
positive and 24.1% of CMV-positive

Sore throat

patients. Rash was reported in
7.4% of EBV-positive patients
and 0% of CMV-positive patients.
Musculoskeletal complaints
were frequent across groups.
Gastrointestinal symptoms,

including nausea, vomiting,

Vol 57 No.3 May-June 2026

diarrhea, and abdominal pain, were
reported in 48.1% of EBV-positive,
75.9% of CMV-positive, and 78.0%
of negative patients. Respiratory
symptoms were reported in 63.0%
of EBV-positive, 69.0% of CMV-
positive, and 36.0% of negative
patients. Gastrointestinal and
respiratory symptoms were

significantly associated with viral
detection (p-value <0.05) (Table 2).

DISCUSSION

In our study, hybrid-capture
NGS substantially increased viral
detection among hospitalized
AFI patients whose illnesses
remained unexplained after routine
diagnostic testing. More than half
of the selected serum samples
yielded a viral pathogen using
the Twist Comprehensive Viral
Panel, demonstrating an important
diagnostic gap between conventional
culture, rapid diagnostic assays and
targeted molecular testing and
the Twist Comprehensive Viral
Panel. Our findings are consistent
with previous studies showing

metagenomic and target-enriched
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Table 2

Demographics and clinical characteristics among viral detection status

Characteristics Frequency, n (%)* p-value
EBV CMV Negative
(N =27) (N =29) (N =50)
Age in years, median 47.0 (28.0) 25.0 (37.0) 40.0 (35.8) 0.022
(IQR)
Female sex 15 (55.6) 18 (62.1) 31 (62.0) 0.839
Headache 18 (66.7) 19 (65.5) 38 (76.0) 0.523
Chills 23 (85.2) 26(89.7)  38(76.0) 0.329
Sore throat 7 (25.9) 7 (24.1) 5 (10.0) 0.131
Rash 2(7.4) 0 (0.0) 2 (4.0) 0.450
Myalgia/arthralgia 22 (81.5) 18 (62.1) 39 (78.0) 0.196
GI symptoms” 13 (48.1) 22(75.9) 39 (78.0) 0.019
Respiratory symptomsb 17 (63.0) 20 (69.0) 18 (36.0) 0.009

*Unless otherwise stated

Note: p-values derived from the Kruskal-Wallis test (continuous) and chi-square
test (categorical). Statistically significant when p-value <0.05.

‘GI (gastrointestinal) symptoms included nausea, vomiting, diarrhea, and abdominal
pain; "Respiratory symptoms included cough, rhinitis, and dyspnea

CMV: cytomegalovirus; EBV: Epstein-Barr virus; IQR: interquartile range

sequencing can identify additional
pathogens in undiagnosed acute
febrile illness, sepsis, respiratory
infection and central nervous
system infection cases when
standard diagnostic panels are

negative or incomplete (Yozwiak
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et al, 2012; Grundy et al, 2023;
Castellot et al, 2023; Gauthier et al,
2023). Hybrid-capture enrichment
is particularly useful in this setting
because it improves detection of
low-abundance viral genomes

while maintaining broad coverage
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for both expected and unexpected
viruses (Wylie et al, 2015; Metsky et
al, 2019; Mourik et al, 2024). These
findings support the use of hybrid-
capture NGS as a complementary
second-line diagnostic approach
for AFI cases without a clearly
identified etiology after routine

testing.

CMV was the most frequently
detected virus in this study. Similar
metagenomic studies in patients
with undiagnosed acute febrile
illness have demonstrated a variety
of viruses not usually tested for on
routine laboratory testing (Ashraf
et al, 2025). The frequent detection
of CMV may reflect the high
background exposure to CMV in
Thailand, since previous serologic
studies among Thai blood donors
showed it was common to have a
prior CMV infection (Urwijitaroon
et al, 1993). CMV detection may
represent active CMV infection,
CMV virus reactivation or the
finding of CMV DNA in the blood
but the patient is asymptomatic
as described previously (Oliveira

et al, 2026). The finding of large
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numbers of sequencing signals in
CMV-positive samples suggests
actual viral infection rather than
a nonspecific background signal,
but clinical interpretation needs to
take into consideration the host’s
immune status, the timing of the
illness and whether the detected
CMV represents primary infection,
reactivation or clinically relevant
viremia (Martelius et al, 2010; Chiu
and Miller, 2019).

EBV was the second most
frequently detected virus. Previous
studies have also reported EBV
detection in patients with acute
undifferentiated febrile illness
(Dhodapkar et al, 2021). The high
prevalence of EBV detection in
our cohort may be associated
with the widespread exposure to
EBV in Thailand. EBV test result
interpretation needs to take into
consideration the same factors
as those of CMV discussed in the
previous paragraph (Martelius et al,
2010; Chiu and Miller, 2019).

Other viruses were detected
less frequently, with enteroviruses

representing the next most common
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group after CMV and EBV.
Enteroviruses have previously been
reported as causes of acute illness
in tropical settings (Le-Viet et al,
2019). Because these viruses can
present with non-specific febrile
syndromes, their detection in our
cohort of AFI patients is clinically
plausible and underscores the value

of a metagenomic approach.

The clinical characteristics of
patients with detected viruses were
generally non-specific, reinforcing
the difficulty of identifying viral
AFI etiologies based on symptoms
Headache, chills and

musculoskeletal symptoms were

alone.

common among subjects who
were EBV-positive, CMV-positive
and virus-negative. Sore throat
was reported in 25.9% of EBV-
positive patients and 24.1% of
CMV-positive patients, whereas
rash was uncommon in both groups,
occurring in 7.4% of EBV-positive
patients and 0% of CMV-positive
patients. Gastrointestinal and
respiratory symptoms were

significantly associated with

subjects in whom a viral etiology
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was detected, suggesting these
symptoms suggest patients may be
more likely to have a positive viral
test. However, this may vary type
of pathogen and study population
(Goumballa et al, 2020). Other
studies have also reported relying
on symptoms to diagnose viruses is
not clinically useful (Grundy and
Houpt, 2022; Saravanan et al, 2022;
Wodniak et al, 2024).

Our results show the benefit
of the hybrid-capture workflow.
The Twist Comprehensive Viral
Research Panel detected all the
viruses in the qRT-PCR-positive
validation samples, similar to
the findings of previous studies
showing that targeted or enriched
NGS approaches can effectively
identify viral nucleic acid that is
present at detectable levels (Wylie
et al, 2015; Metsky et al, 2019;
Mourik et al, 2024). It is important
to note our validation set was small
and was not designed to determine
sensitivity or specificity.

In our study, CZ ID background
subtraction, rPM metrics, Z-score

thresholds and minimum read
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criteria strengthened the confidence
of the reported detections. Similar
approaches using abundance
metrics, enrichment scores and
background-subtraction models
have been applied to metagenomic
studies to distinguish true
pathogen signals from background
or contaminant reads (Mostafa
et al, 2020; Castellot et al, 2023).
For CMV and EBV, the presence
of elevated abundance metrics,
elevated enrichment scores and
reads mapping to multiple genomic
regions supports the validity of the
findings. However, these metrics do
not replace standardized viral-load
quantification or complete genome
coverage assessment (Chiu and
Miller, 2019; Gauthier et al, 2023).

The main limitations of our study
were the retrospective selection of
residual serum samples, possible
selection bias due to sample-
volume availability, lack of paired
specimen types and lack of viral-
load, serologic and longitudinal
clinical data. These limitations

are particularly relevant for CMV

and EBV, because both viruses

Vol 57 No.3 May-June 2026

are common latent infections and
may be detected during primary
infection, reactivation or be an
incidental finding of viremia not
representing an infection (Martelius
et al, 2010; Chiu and Miller, 2019).

In summary, hybrid-capture
NGS was able to determine more
than half of samples previously
testing negative with routine testing
and the most common viruses
detected were CMV and EBV. We
conclude the hybrid-capture NGS
may be beneficial for evaluating
viral AFI in which the etiology
is unclear with routine testing.
Further studies in other populations
are needed to determine when and
in what situations the hybrid-
capture NGS would be of most
benefit in guiding management
of patients with AFI of unknown

etiology.
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