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Dear Editor,
Viruses represent the major cause of febrile consul-
tations in children across sub-Saharan Africa [1,2],
but considering their high number and the need of
specific molecular tools targeting each of them indivi-
dually, these agents are rarely characterized. This pre-
vents drawing a clear picture of the causes of fever in
this population and clinical guidelines are potentially
poorly adapted to local epidemiology. Indeed, the
majority of febrile cases are diagnosed as “of unknown
origin”. Such clinical uncertainty is known to be an
important driver of inappropriate antibiotic use [3]
and makes it impossible to predict, detect or evaluate
potential outbreaks or emerging infections. Further
investigations of viral epidemiology in sentinel patient
groups of Sub-Saharan Africa could help reduce uncer-
tainty and aid the formulation of evidence-based guide-
lines for disease surveillance and antibiotic use.
Unbiased metagenomic next-generation sequencing
(mUNGS) represents a powerful tool to perform such
sentinel viral surveillance during the acute phase of ill-
ness and could fill, at least partially, some gaps in our
understanding of the aetiology of fever [4]. As a by-
product, this approach also allows characterization of
the virome in children living in this part of the world.

In this study, mUNGS was performed on serum
samples collected from hospitalized children (age 0–
15 years) admitted with fever (i.e. rectal or axillary
temperature ≥38°C), without any exclusion criteria,
at the Albert Schweitzer Hospital in Lambaréné,
Gabon, between August 2015 to March 2016. A total
of 405 samples were collected as part of a previous
study [5], of which 385 had a sufficient leftover volume.
Of these samples, 360 were randomly selected and were

grouped in 18 pools of 20 samples each (6 ul of each of
the 20 sera samples per pool were used, corresponding
to a volume of 120 ul/pool) according to four age sub-
groups [6]. We differentiate children below and over 5
years-old (y.o). These 360 sera were aggregated into
nine pools for the “neonate/infant” subgroup, four
pools each for the below and over 5 y.o subgroups,
and one pool for the “adolescent” subgroup (Figure 1
(a)). Two “no-template” negative controls were sub-
mitted to the entire mUNGS procedure to check for
potential contaminants from environmental or exper-
imental sources. Two positive controls (canine distem-
per virus-spiked samples) were used to assess the
mUNGS process efficiency. Each pool/control was trea-
ted using a previously published RNA procedure [7],
and libraries were prepared using the TruSeq total
RNA preparation protocol (Illumina, San Diego, US)
with dual indexing. Each library (corresponding to
one pool) was loaded individually in a single lane on
the HiSeq 4000 platform (Illumina) using the 2 ×
100-nucleotide read length protocol. The mean total
number of read pairs obtained per pool was 329 038
830 (range 214 348 410–381 090 836, Supplementary
Table S1). Reads were analyzed using two methods
performed in parallel (Supplementary Figure S1): (1)
a bioinformatic pipeline that used virusscan 1.0
(https://github.com/sib-swiss/virusscan) to map
reads against the Virosaurus database (version
V90v_2018_11) (https://viralzone.expasy.org/8676)
which is designed to report any known vertebrate
viruses, and (2) by de novo assembly. A result was con-
sidered positive and reported only if not detected in the
“no-template” and positive controls, and if≥ 300
nucleotides of coverage was obtained. Of note, the
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use of the RNA protocol does not restrict the mUNGS
analysis to the detection of RNA viruses-related
sequences and will also detect DNA viruses, particu-
larly in cases of ongoing viral replication (i.e. RNAs
are generated). The raw sequence data were deposited
in the NCBI Sequence Read Archive under BioProject
accession number PRJNA602599.

The mUNGS analysis revealed that at least one virus
recognized to cause disease in humans was present in
15/18 (83.3%) pools (Figure 1(a)). Overall, Rotavirus
A and Enterovirus species (including Enterovirus A/B
and Human rhinovirus C (HRV-C)) were the most fre-
quently detected viruses (9/18 (50%) and 8/18 (44.4%)
pools, respectively). The detected viruses at the level of
each age subgroup, in order of their prevalence, were as
follows (Figure 1(b)): In the nine “neonate/infant”
pools: Rotavirus A (n = 6), HRV-C (n = 3), Enterovirus
B (n = 2), Human immunodeficiency virus 1 (HIV-1)
(n = 2), Human herpesvirus type 7 (n = 2), Hepatitis A
virus (n = 1) and Mamastrovirus 1 (n = 1); in the four
“under 5 y.o” pools: HIV-1 (n = 2), HRV-C (n = 1)
and Parvovirus B19 (n = 1); in the four “over 5 y.o”
pools: Rotavirus A (n = 3), HIV-1 (n = 1), Enterovirus
A (n = 1), Hepatitis A virus (n = 1) and Human herpes-
virus type 6B (n = 1); the pool of the “adolescent” sub-
group was found to be positive for HRV-C sequences.
Our finding that Rotavirus A was the most frequently
reported virus of recognized clinical significance in
both the “neonate/infant” and “over 5 y.o” subgroups
confirms previous studies that reported that rotavirus
infections frequently generate viremia in the paediatric
population [8,9]. The presence of enterovirus species
was observed in all age subgroups, with various
HRV-C genotypes (argued to be potentially more viru-
lent than HRV-A and -B in children [10]) detected in
the “neonate/infant”, “under 5 y.o”, and “adolescent”
subgroups. Additionally, Enterovirus B was detected
in the “neonate/infant” subgroup, and Enterovirus A

was detected in the “over 5 y.o” subgroup. Among
Enterovirus A and B, the typing analysis revealed the
presence of coxsackievirus A5 and echovirus 25 (Sup-
plementary Table S1).

In addition to the viruses recognized to cause dis-
eases in humans listed above, the mUNGS investi-
gations also revealed Human pegivirus-1 (HPgV-1)
sequences in all but one pool (Figure 1(a)). HPgV-1
is known to infect humans but no causal association
with disease has been recognized thus far [11].

In conclusion, our mUNGS investigations support
evidence that febrile disease of viral origin among chil-
dren in Sub-Saharan Africa are frequently associated
with “common” viruses. The mUNGS data are concor-
dant with the PCR screening results from a previous
study [5] that reported the detection of Human herpes-
virus type 6 in the blood of 33% of a subset of 89
patients, Enterovirus and Human rhinovirus in throat
swabs of 1.6% of 191 patients each, as well as Rotavirus
(11.3% of patients) and Mamastrovirus 1 (4.8% of
patients) in stools. Interestingly in the previous study,
Human herpesvirus type 6 was detected by PCR in
patients without exanthema which suggested past
infections or acute infections without apparent skin
lesions. Of note, the detection of Human herpesvirus
type 6B (Pool #17) by the mUNGS RNA procedure
may suggest an ongoing viral replication. Although
mUNGS data should be interpreted with caution, as
the detection of viral RNA sequences does not establish
that a specific virus is necessarily the cause of patient
admission, our results contribute to a better under-
standing of the potential proportion of viruses that
cause fever and thus could help to improve existing
clinical algorithms and the subsequent use of antimi-
crobial agents. Indeed, except for HPgV-1, all RNA
and DNA viruses reported by our mUNGS analysis
represent commonly recognized viral aetiologies of feb-
rile illness in both paediatric and adult populations

Figure 1. Blood viral sequence analysis by mUNGS. (a) Grid plot of vertebrate virus sequences detected by mUNGS. The approxi-
mate number of reads matching the indicated virus genome in each pool is represented by colour code. Pools are grouped in the
grid according to the four age-subgroups. Due to limited neonatal patients (n = 2), these samples were pooled with infants (both in
pool #01). (b) Frequency of sequences detected from viruses of recognized clinical significance in all pools from the same age-sub-
group. RNA viruses are represented with filled grey lanes. DNA viruses are represented with dashed grey lanes. The “adolescent”
subgroup is not included as it is comprised of only a single pool. HIV-1: Human immunodeficiency virus 1, NTC: no-template negative
controls, Pos: positive controls.
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across all continents. Among viruses known to cause
outbreaks in this part of the world, by mUNGS we
did not detect any flavivirus or alphavirus sequences,
which confirms the PCR results previously reported
[5]. Using an unbiased approach such as mUNGS in
specific populations, according also to the epidemiolo-
gical season, will help to characterize viruses causing
fever, and provides a surveillance tool for emerging
viral diseases.

Acknowledgments

We would like to thank Gael Vieille (University Hospitals of
Geneva), Brice Petit (University of Geneva) for technical
assistance, Nicolas Guex (University of Lausanne) and
Christian Iseli (University of Lausanne) for bioinformatics
support, and Mary-Anne Hartley (University of Lausanne)
and Erik Boehm (University Hospitals of Geneva) for edi-
torial assistance. This study was supported by the Laboratory
of Virology of the University Hospitals of Geneva and the
Faculty of Medicine of Geneva.

ORCID

Samuel Cordey http://orcid.org/0000-0002-2684-5680

References

[1] Maze MJ, Bassat Q, Feasey NA, et al. The epidemiology
of febrile illness in sub-Saharan Africa: implications for
diagnosis and management. Clin Microbiol Infect.
2018;24(8):808–814.

[2] World Health Organisation. WHO informal consul-
tation on fever management in peripheral health care
settings: a global review of evidence and practice. 2013.

[3] D’Acremont V, Kilowoko M, Kyungu E, et al. Beyond
malaria–causes of fever in outpatient Tanzanian chil-
dren. N Engl J Med. 2014;370(9):809–817.

[4] Williams SH, Cordey S, Bhuva N, et al. Investigation of
the plasma virome from cases of unexplained febrile
illness in Tanzania from 2013 to 2014: a comparative
analysis between unbiased and VirCapSeq-VERT
high-throughput sequencing approaches. mSphere.
2018;3(4):e00311–18.

[5] Fernandes JF, Held J, Dorn M, et al. Causes of fever in
Gabonese children: a cross-sectional hospital-based
study. Sci Rep. 2020;10(1):2080.

[6] US Department of Health and Human Services Food
and Drug Administration. Center for Drug
Evaluation and Research (CDER). Guidance for indus-
try. General clinical pharmacology: considerations for
pediatric studies for drugs and biological products.
2014.

[7] Petty TJ, Cordey S, Padioleau I, et al. Comprehensive
human virus screening using high-throughput sequen-
cing with a user-friendly representation of bioinfor-
matics analysis: a pilot study. J Clin Microbiol.
2014;52(9):3351–3361.

[8] Blutt SE, Matson DO, Crawford SE, et al. Rotavirus
antigenemia in children is associated with viremia.
PLoS Med. 2007;4(4):e121.

[9] Chitambar SD, Tatte VS, Dhongde R, et al. High fre-
quency of rotavirus viremia in children with acute gas-
troenteritis: discordance of strains detected in stool and
sera. J Med Virol. 2008;80(12):2169–2176.

[10] Bochkov YA, Gern JE. Clinical and molecular features
of human rhinovirus C. Microbes Infect. 2012;14
(6):485–494.

[11] Chivero ET, Stapleton JT. Tropism of human pegivirus
(formerly known as GB virus C/hepatitis G virus) and
host immunomodulation: insights into a highly suc-
cessful viral infection. Journal Gen Virol. 2015;96(Pt
7):1521–1532.

1244 J. F. Fernandes et al.

http://orcid.org/0000-0002-2684-5680

	Acknowledgments
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


