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Following a suspected case of hantavirus in a patient
suffering from acute kidney injury, rodents from
the patient’s property in Yorkshire and the Humber,
United Kingdom (UK) were screened for hantaviruses.
Hantavirus RNA was detected via RT-PCR in two Rattus
norvegicus. Complete sequencing and phylogenetic
analysis established the virus as a Seoul hantavirus,
which we have provisionally designated as strain
Humber. This is the first hantavirus isolated from wild
rodents in the UK and confirms the presence of a path-
ogenic Seoul virus in Europe.

In January 2012, as part of routine diagnostic ser-
vices, the Rare and Imported Pathogens Laboratory
(RIPL) at the Health Protection Agency (HPA) Porton,
detected a suspected case of hantavirus infection
in a patient diagnosed with acute kidney injury (AKI)
from Yorkshire and the Humber, United Kingdom (UK).
Positive serology by way of indirect immunofluores-
cence (Euroimmun, Germany) showed evidence of han-
tavirus antibodies specific to Hantaan virus (HTNV)
and Seoul virus (SEQV) with rising IgG titres »1:10,000.
The patient disclosed regular exposure to rodents
at their home and noted that the rat population had
increased in recent months. With permission from the
patient, trapping of rodents in the vicinity of the fam-
ily residence and farm was undertaken in February/
March 2012, with the aim of confirming the presence
of an aetiological agent in these rodents that might be
responsible for the patient’s AKI.

Rodent sampling

Permission was obtained from the patient and fam-
ily to trap rodents at their residence. Between 28
February and 1 March 2012, rodents were trapped
using a Longworth trap (Penlon Ltd., Oxford) or snap
traps and, where necessary, humanely killed via cer-
vical dislocation before being flash frozen on dry ice.
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Eleven rodents were analysed for the presence of han-
tavirus RNA: five Apodemus sylvaticus (wood mouse),
four Rattus norvegicus (Norway rat) and two Myodes
glareolus (bank vole). Following tissue harvest by nec-
ropsy, lung tissue was homogenised and total RNA was
extracted using QlAamp viral RNA mini kit (Qiagen).
RNA from each rodent lung was subjected to a genus-
specific RT-PCR assay using hantavirus primers target-
ing the S segment [1]. Two R. norvegicus (RN1 and RN4)
samples produced amplicons of the expected size of
ca. 850 bp, with SEOV R22 used as the positive control.
cDNA from both amplicons was sequenced and showed
the highest level of similarity (97%) to Seoul hantavirus
IR461 (GenBank accession no. AF329388) in a BLAST
analysis. Further evidence the virus was Seoul-like was
obtained through virus culture of homogenised lung
from RN4. Infected Vero E6 cells (ECACC Vero C1008,
clone E6) showed positive staining to a commercial
monoclonal antibody (Progen, Germany) against the
nucleocapsid protein of SEOV R22 strain after ten days
in culture. After a further three passages the majority
of cells demonstrated positive staining (Figure 1), the
cells were harvested and virus isolated as previously
described [2]. The isolate was designated Seoul han-
tavirus, strain Humber. Attempts to culture virus from
RN1 were unsuccessful.

Molecular analysis

Hantaviruses are enveloped viruses with a tripartite,
negative-strand RNA genome encoding the small (S),
medium (M) and large (L) segments. Following multi-
ple nucleotide sequence alignments of available SEOV
sequences in GenBank, primers were designed for each
segment spanning overlapping intervals of ca. 500 bp.
Between two and seven independent runs were com-
pleted for each amplicon with 100% sequence conform-
ity. Complete sequences for all three segments (RN1)
were generated using standard Sanger sequencing on



FIGURE 1

Vero E6 cells infected with Seoul hantavirus, strain
Humber showing positive immunofluorescence, United
Kingdom, October 2012

Negative and infected cells were stained with mouse monoclonal
anti-Seoul N-protein antibody (Progen, Heidelberg, Germany) at
1:2 dilution, a secondary FITC-conjugated anti-mouse antibody at
1:64 (Sigma-Aldrich) and counterstained with 0.1% Evans blue.
Viewed at 20x magnification under ultraviolet light; scattered,
granular, punctate fluorescence (green) when compared to
negative control Vero E6 cells only (inset, red) signified a
positive reaction.

FIGURE 2

Phylogenetic analysis of the complete S segment of Seoul
hantavirus, strain Humber, United Kingdom, October
2012
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Horizontal distances represent the number of nucleotide
differences. Bootstrap confidence limits exceeding 70% are
shown for each branch node. Accession numbers for sequences
extracted from GenBank: SEOV Gou3 AF288651, IR461
AF329388, K24v2 AF288655, R22 AF288295, L9g AF488708,
Sapporo M34881, 80-39 NCo05236, SingaporeRN46 GQ27495,
ZT71 AY75171, Z37 AF187082, DOBV JF920150, HTNV AB620031,
TULV Z49915, PUUV AB433845, SNV L2578, ANDV AF291702 and
AY526097.

a 3130xl sequencer (Life Technologies); they comprised
1,768 nt, 3,651 nt and 6,530 nt, each encoding one
open reading frame. These sequences were deposited
in the GenBank database under accession numbers
JX879768-70 designated as Seoul virus, strain Humber.
Sequence data from RN4 were compared with depos-
ited sequence data from RN1, this demonstrated 1 nt
difference each in the S and M segments at positions
1,264 and 2,458 respectively.

The MEGAs5 programme suite [3] was used to perform
alignments using ClustalW and phylogenetic analysis.
Phylogenetic trees were constructed from complete
SEQV sequences using the neighbour-joining method,
with bootstrap values obtained with 2,000 replicates.
Subsequent genetic analysis of the S and M segments
(RN1) confirmed their similarity to SEQV IR461 (Figures
2 and 3), with 63 (3.6%) and 149 (4.1%) nucleotide sub-
stitutions, respectively. The high homology and group-
ing of SEOV Humber with SEOV IR461 is surprising as
IR461 is a distinctive strain [4] linked only to infections
in laboratory workers in the UK and Belgium [5,6].
IR461 has not been detected in wild rodents.

Sequence data are not currently available for the L
segment of SEOV IR461, however enough L segment
sequences are available from isolates in the SEQV
group to show that the L segment of the Humber strain
(RN1) also clusters within the SEOV phylogenetic group
of the hantavirus family (Figure 4).

Discussion

Hantaviruses (genus Hantavirus, family Bunyaviridae)
are a group of rodent-borne viruses with a wide global
distribution. Human infection most often occurs when
breathing in dried aerosolised excreta from infected
rodents. Two clinical syndromes are associated with
severe disease: haemorrhagic fever with renal syn-
drome (HFRS) and hantavirus cardiopulmonary syn-
drome (HCPS) [7]. In the UK there has been growing
evidence for human and animal exposure to hantavi-
ruses demonstrated by the detection of specific anti-
bodies and classic HFRS disease.

As hantaviruses are wholly associated with their
rodent and insectivore hosts, their distribution is lim-
ited to that of their respective host species. SEQV is
an exceptional hantavirus in that it has a global distri-
bution owing to the dispersal of its carrier host, rats,
through global trade. Outside of Asia, SEOV has been
confirmed by molecular methods in rats in Africa [8],
the Americas [9] and Europe [10-12]. There are several
ports located on the Humber estuary including: the UK’s
largest port by metric tons, Grimsby and Immingham,
Kingston upon Hull, and the UK’s most inland port,
Goole. It is possible that the importation of infected
rats has led to the establishment of SEOV in local pop-
ulations of R. norvegicus in the Yorkshire and Humber
region. Few acute human cases caused by infection
with SEOV have been confirmed outside of Asia [13]
and none have simultaneously reported identification
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FIGURE 3

Phylogenetic analysis of the complete M segment of Seoul
hantavirus, strain Humber, United Kingdom, October
2012
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Horizontal distances represent the number of nucleotide
differences. Bootstrap confidence limits exceeding 70% are
shown for each branch node. Accession numbers for sequences
extracted from GenBank: SEOV Gou3 AF145977, IR461 AF458104,
K24v2 AF288654, R22 S68035, L9gg AF288298, Sapporo
M34882, 80-39 S47716, SingaporeRN46 GQ274943, RuianRn242
GU592928, ZT71 EF117248, Z37 AF190119, DOBV JF920149, HTNV
AB620032, TULV NCo05228, PUUV AB433852, SNV NCoo5215,
ANDV AF291703 and TPMV NCo10708.

FIGURE 4

Phylogenetic analysis of the complete L segment of Seoul
hantavirus, strain Humber, United Kingdom, October
2012
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of the causative virus from rodents. Taking into consid-
eration the patient’s AKI, typical of SEOQV, the high titre
of antibodies detected specifically to the SEOV/HTNV
group, the isolation of the virus from R. norvegicus
from the patient’s property, and its similarity to other
pathogenic SEOV strains, it is highly likely the Humber
strain is pathogenic to humans.

Due to the high levels of cross-reactivity between han-
tavirus species and the lack of viral detection in any
published UK study, it has previously been impossible
to confirm and identify the presence of a hantavirus
in the UK. This represents the first isolation of a UK
hantavirus from wild rodents and further confirmation
of SEQV as a human pathogen outside of Asia. Given
that R. norvegicus are ubiquitous in the UK, research
is ongoing to determine the extent of human exposure
to this virus in the region. Furthermore, with serologi-
cal evidence specifically for SEOV previously reported
in rats in Northern Ireland [14], it is unlikely this virus
is restricted to north-east England.

Conclusion

Here we report the first detection and characterisation
of a UK strain of Seoul hantavirus from wild rats. We
feel it is important to raise awareness of hantavirus as
a potential cause of renal disease in the UK, as Seoul
hantaviruses are capable of causing moderate HFRS
and we have strong indications this virus is linked to
human disease. Our findings confirm the existence of
a hantavirus in the UK and will allow further studies to
evaluate its prevalence as a human pathogen.
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