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Between 1 June and 31 December 2016, 13,023 blood
donations from the University Hospital Aachen in
Germany were routinely screened for West Nile virus
(WNV) RNA using the cobas TagScreen WNV Test. On
28 September 2016, one blood donor was tested posi-
tive. Subsequent analysis revealed an acute Usutu
virus (USUV) infection. During the ongoing USUV epi-
zootics in Germany, blood transfusion services, public
health authorities and clinicians should be aware of
increased human USUV infections.

During July—October 2016, several western European
countries reported the largest Usutu virus (USUV)
epizootic registered so far in Europe causing a mas-
sive bird die-off [1]. Blood donor samples collected
between 1 June and 31 December in the Institute for
Transfusion Medicine, University Hospital, Aachen,
are routinely screened for West Nile virus (WNV) RNA.
On 17 November 2016, the World Health Organization
Collaborating Centre (WHO CC) for Arbovirus and
Haemorrhagic Fever Reference and Research in
Hamburg was informed about a suspected WNV infec-
tion in a blood donor from Aachen. Although the sam-
ple was tested positive for the presence of WNV RNA,
subsequent sequencing and serological investigations
revealed an acute USUV infection of the donor. Here we
report the first detection of an acute USUV infection
of a blood donor from Germany using a cross-reactive
WNV screening test and further successful sequencing
of a large portion of the genome using deep-sequenc-
ing technology.
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Case description

On 26 September 2016, a plasma pool (n=16) had
been detected WNV-positive (Ct: 40.5) using cobas
TagScreen WNV Test (Roche Diagnostics GmbH,
Mannheim, Germany) with a sensitivity of 206.4 cop-
ies/mL per single donation. In order to detect the posi-
tive plasma sample, each sample from the pool was
tested individually and the positive sample identified
(Ct: 37.5). The blood donor was a German woman in her
late 20s, without any travel history outside Germany in
the previous 7 months. Furthermore, she had not left
the Aachen region at all in the 3 months prior to blood
donation. The healthy donor had not experienced any
illness or symptoms in the 6 weeks before donation.
She reported several mosquito bites before the dona-
tion. Blood and urine samples of the donor were sent
to the WHO CC in Hamburg for further characterisation.
Results of 1gG and IgM immunofluorescent assays for
WNYV, USUV, tick-borne encephalitis virus (TBEV) and
Japanese encephalitis virus (JEV) were negative (titres
<1:20) for the first sample collected on 26 September
2016. In contrast, IgG and IgM seroconversion was dem-
onstrated with the follow up sample collected on 20
November 2016, 55 days later and the results for WNV-
IgG (1:160), WNV-IgM (1:160), TBEV-IgG (<1:20), TBEV-
IgM (¢1:20), JEV-1gG (1:640), and JEV-IgM (1:80) and
USUV-1gG (1:1280) and USUV-IgM (1:640) suggested a
recent USUV infection. The blood donor reported no
history of vaccination against YFV and JEV. Extracted
RNA of plasma and urine samples were tested for the
presence of flavivirus RNA with pan-flavivirus RT-PCR
[2]. A positive PCR result was obtained with RNA from
the plasma sample and direct Sanger sequencing of
the PCR amplicon showed USUV nucleic acid sequence.



FIGURE 1

Bayesian maximum clade credibility tree representing the phylogenetic placement of the human Usutu virus (USUV) strain
Aachen compared with all available USUV based on partial NS5 gene nt sequences
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Phylogenetic analysis was performed by using Bayesian Markov chain Monte Carlo (MCMC) tree-sampling method implemented in BEAST v.1.8.0 (http://beast.
bio.ed.ac.uk). Statistical supports of grouping from Bayesian posterior probabilities (clade credibilities290%) are indicated at the nodes (asterisks). The map
indicates the regions of the European countries which have reported USUV outbreaks in 2016 (grey), and the origin of the human USUV Aachen strain. GenBank
accession numbers, years of detection and countries of origin for sequences used to construct the tree are indicated on the branches. Scale bar indicates mean
number of nt substitutions per site.
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FIGURE 2

Amino acid mutations in the Usutu virus (USUV) Aachen strain: A. schematic representation of the genome organisation
of USUYV, B. structural location of the USUV non-synonymous mutations in the Aachen strain depicted on the predicted E
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In Panel A, the numbers indicate the positions and the single letter the unique non-synonymous amino acid mutations of the Aachen strain.
Amino acid substitutions in the envelope glycoprotein are magnified and indicated in red and light blue (Aachen strain) respectively.

The three-dimensional ribbon structure of a single monomer of the USUV envelope glycoprotein is shown with the corresponding three viral
domains (domain I in red; domain Il in yellow; domain Ill in blue) and surface exposed variable residues magnified. Homology models for
USUV envelope protein was constructed using the initial homology search and template selection method in Chimera [18]. The template
sequences used to create the USUV E protein model was the crystal structure of the West Nile virus envelope glycoprotein (PDB 2169). The
final 3D structures were prepared and visualised with Chimera v1.11 [18].

Attempts to isolate USUV in cell culture using the donor
plasma were not successful.

Deep sequencing and genetic analysis

The concentrated and purified RNA was further sub-
jected to deep-sequencing using in-house next-
generation sequencing pipeline in order to obtain
larger fragments of the USUV genome. Thereby, we
were able to successfully recover about 60% of the
USUV polyprotein gene. USUV from the donor plasma
showed 99% homology with those found in the birds
during the 2016 epizootics corresponding with the
same region from where the donor originated (Figure
1). Phylogenetic analysis demonstrated that USUV
‘Aachen’ strain clustered together with the 2016 out-
breaks strains and formed together with some German
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and Belgian strains a distinct subclade within the pre-
viously assigned European lineage 3 (Figure 1).

The analysis of the polyprotein gene revealed several
host-specific unique amino acid mutations from which
three were located in domain Il of the envelope glyco-
protein (Figure 2).

Background

USUV, an Old World flavivirus included in the JEV anti-
genic complex is transmitted by mosquitoes to birds
that act as the main amplifying hosts, while humans
are considered incidental or dead-end hosts [3]. Since
the first emergence in the mid-1990s in Europe, USUV
has been responsible for smaller periodic epizootics
in several European countries, the largest one being



registered in 2016 [1,4-6]. USUV can cause Usutu fever
in humans with mild to severe symptoms characterised
by fever, rash, jaundice, headache, nuchal rigidity,
hand tremor, and hyperreflexia [7-10]. So far, humans
were considered incidental hosts with very low preva-
lence, but recent data from Italy indicated that human
USUV infection may not be a sporadic event and is
more frequent than WNV infections [11]. In 2012, 1 of
4,200 blood donors from south-west Germany was
tested positive for USUV-specific IgG and IgM antibod-
ies demonstrating a recent USUV infection of the donor
[12]. However, there is no documented case of Usutu
fever caused by transfusion of USUV-contaminated
blood products.

Discussion and conclusion

The present report, including serological and molecu-
lar findings, suggests an acute and asymptomatic
USUV infection of a blood donor in Germany in late
summer of 2016. The Bayesian phylogenetic analysis
revealed that the USUV sequence of the blood donor
had a high sequence homology with recent strains
responsible for the 2016 USUV epizootics in the west-
ern part of Germany from where the donor lived. Since
the blood donor had no history of travelling abroad in
the 7 months before the end of September 2016, she
must have been infected in Germany, which, together
with the genetic data obtained, further strengthens an
autochthonous USUV infection in the Aachen region.

USUV is considered an emerging arbovirus due to its
rising incidence of human infections that are likely
to be frequent as WNV infections and the expansion
in new, previously known USUV-free areas [1,11]. It is
interesting to note the amino acid mutations detected
mostly in the envelope protein and NS5 gene. Although
the biological consequences of these mutations are not
known, similar changes in the related WNV increased
the sensitivity to neutralisation by a monoclonal anti-
body targeting a cryptic epitope in the fusion loop and
altered tropism and neuroinvasive capacity [13,14].
The detection of USUV RNA in the blood donor sample
using cobas TagScreen WNV Test, demonstrates the
capability of this test to detect other flaviviruses than
WNV due to cross-reactivity of the used primer-probe
reagents.

To address the emergence of WNV regarding blood
safety, the Federal Institute for Vaccines and
Biomedicines (Paul-Ehrlich-Institut) as the responsi-
ble authority in Germany, implemented a regulation for
non-pathogen inactivated blood components in 2003,
last updated in 2014 [15]. Since the update in 2014,
alternatively to the deferral period of 28 days, donor
eligibility is accepted indicating a non-reactive screen-
ing result using a nucleic acid amplification technique
(NAT)-based test for WNV RNA with a minimum detec-
tion sensitivity of 250 copies/mL for each donor sample

[15].

Recent molecular and serologic surveillance stud-
ies in Germany and neighbouring countries identified
epizootic hotspots for USUV that could help to initiate
targeted vector control programs to prevent human
exposure to the virus [1,3,16,17]. Moreover, the present
report highlights the potential risk of transfusion-asso-
ciated transmission of USUV. However, until now there
is no reported case of transfusion-associated Usutu
fever in Europe. The demonstrated case should raise
awareness of the risk of USUV infection in humans dur-
ing epizootics, especially in late summer.
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