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Abstract Alkhumra hemorrhagic fever virus (AHFV) is
an emerging flavivirus that was discovered in 1994-1995 in
Saudi Arabia. Clinical manifestations of AHFV infection
include hemorrhagic fever, hepatitis, and encephalitis, with
a reported mortality rate as high as 25 %. Biological
characteristics of this virus have not been well defined.
Agglutination of erythrocytes (hemagglutination) is a lab-
oratory tool for studying the attachment of viruses to cel-
lular receptors. The envelope protein contains sites for
attachment to host receptors to initiate the process of
infection and is thus an essential component of the virion.
In the present study, we examined the ability of AHFV to
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agglutinate erythrocytes of 13 mammalian and avian spe-
cies (human group O+, camel, cow, sheep, goat, rabbit,
guinea pig, mouse, rat, chicken, duck, goose and turkey)
with and without trypsin-treatment. Without trypsin treat-
ment, AHFV failed to agglutinate erythrocytes of all
examined species. Following trypsin treatment, AHFV
agglutinated erythrocytes of five species, namely, goose,
human group O+, rat, guinea pig, and mouse, in
descending order of sensitivity. This trypsin-dependent
hemagglutination test has potential for use in serological
and functional studies of AHFV.

Introduction

AHFYV is an emerging flavivirus that was first isolated in
1995 from six patients living in the Alkhumra district in
Jeddah, the main seaport on the western coast of Saudi
Arabia [1]. Between 2001 and 2003, 20 confirmed cases of
AHFV infection were identified in the holy city of Makkabh,
75 km from the Alkhumra district in Jeddah [2]. The name
‘Alkhumra’ was then proposed for the virus, after the
geographic location from which it was originally isolated
[2]. Unfortunately, Alkhumra virus was misnamed as
‘Alkhurma’ virus in many scientific publications due to a
typographical error where the letters ‘m’ and ‘r’ were
transposed [2—4]. The International Committee on Taxon-
omy of Viruses (ICTV) has recently corrected this mistake
and approved the name “Alkhumra” as the correct name of
the virus [5]. From 2003 to 2007, eight confirmed cases of
AHFV infection were sporadically reported from Najran in
the southern border region of Saudi Arabia [3]. Subse-
quently, an outbreak of AHFV infection occurred in Najran
in 2008-2009, with 70 confirmed cases reported by the
authors [3]. More recently, two unrelated travelers
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returning to Italy from southern Egypt were confirmed to
have AHFYV infection [6].

AHFV was identified as a flavivirus on the basis of an
immunofluorescence assay performed with the flavivirus-
specific monoclonal antibody 4G2 and IgM capture ELISA
using the peroxidase-conjugated flavivirus-specific mono-
clonal antibody 6B6C-1 [7]. Polymerase chain reaction
(PCR) amplification of a 220-bp genome fragment showed
89 % nucleotide sequence homology with the non-struc-
tural gene 5 (NS5) of Kyasanur Forest disease virus
(KFDV) [7]. The complete coding sequence of AHFV was
determined and compared with other tick-borne flavivi-
ruses, confirming that AHFV was most closely related to
KFDV [8]. Genetic distances suggested that AHFV was a
subtype of KFDV [8]. However, the epidemiological fea-
tures and the mode of transmission of AFHV appear to be
distinct from those of KFDV [2, 3, 9]. For example, AHFV
is clearly associated with livestock animals and has not
been associated with monkeys, porcupines, rats, squirrels,
mice or shrews, which are thought to be associated with
KFDV [2, 3]. Another important distinction is the possi-
bility of transmission of AHFV by direct contact with
livestock animals and/or by mosquito bites and not by ticks
as typically described for KFDV [2, 3, 9].

The virological characteristics of this new virus remain
to be elucidated. Agglutination of erythrocytes, known as
hemagglutination (HA), is a laboratory tool for studying
the attachment of viruses to cellular receptors. The enve-
lope protein contains the sites for attachment to host cells
receptors to initiate the process of infection. The possession
of this envelope protein is thus a vital property of the
virion. Historically, that property has been excessively
utilized in HA and HA inhibition (HAI) tests in virus
diagnosis and research. In general, not all viruses have the
ability to agglutinate mammalian or avian erythrocytes.
The agglutination ability of newly isolated viruses is fre-
quently examined against erythrocytes of a spectrum of
mammalian and avian species. In the present study, the
agglutination ability of AHFV has been examined against
erythrocytes of 13 mammalian or avian species, with and
without trypsin treatment.

Materials and methods
The virus

The AHFV isolate (AHFV/997/Ng/09/SA) used in the HA
tests was originally isolated from a patient during an
AHFV outbreak in the Najran district in southern Saudi
Arabia [3]. The virus was inoculated in an LLC-MK2
monkey cell line as described previously [10]. Seven days
post-inoculation, the cytopathogenic effect (CPE) was
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complete, and the supernatant medium was collected and
clarified by low-speed centrifugation. Three non-inacti-
vated virus samples (A, B and C) were tested in the HA
experiments. All experiments were performed under bio-
safety level 3 (BSL-3) containment.

Virus titration

The micro system for titration was followed employing
96-well tissue culture microplates. The virus suspension to
be titrated was diluted in Eagle’s minimum essential
medium (EMEM) supplemented with 2 % fetal calf serum
(FCS). To each well of the microtitre plate, 50 pl of
EMEM, supplemented with 2 % FCS, was added. A ten-
fold dilution series of the virus suspension was made in
sterile vials, changing the tips with each dilution. For each
virus dilution, five replicates were used. Starting from the
highest to the lowest dilution, 50 pl per well was added to
the relevant wells. This was followed by the addition of
50 pl per well of the relevant cell culture at a concentration
of 10° per ml in EMEM supplemented with 2 % FCS. The
plates were covered and incubated at 37 °C in a CO,
incubator. The plates were examined for discernible CPE
after 4 days, and the final reading was done after 7 days.
The virus titer was calculated according to the method of
Reed and Muench [11]. Control wells containing uninoc-
ulated cell culture were included in the tests.

The erythrocytes

Whole blood of human group O+, camel, cow, chicken,
duck, goose, goat, guinea pig, mouse, rabbit, rat, sheep, and
turkey was collected in Alsever’s solution. The erythro-
cytes of each species were separated under cool centrifu-
gation at 277 x g for 15 minutes, washed three times in
phosphate-buffered saline (PBS), pH 7.4, and adjusted to a
working dilution of 0.5 % in PBS, pH 7.4.

Trypsinization of erythrocytes

Erythrocytes of each species were treated with an equal
volume of purified tissue-culture-grade trypsin (Difco
Labs) at a concentration of 1 mg/ml for one hour at 37 °C.
The trypsin was removed by centrifugation as described
above, the erythrocytes were again washed three times in
PBS, pH 7.4, and their working dilution was adjusted to
0.5 % in PBS.

Procedures for hemagglutination tests
V-shaped 96-well microtitre plates were used in the HA

tests. Initially, each well of the plate received 50 pl of PBS,
pH 7.4, followed by addition of 50 pl of un-inactivated
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Table 1 Effect of trypsin on the hemagglutination activity (HA) of
Alkhumra hemorrhagic fever virus (AHFV) on erythrocytes from
various species

Erythrocyte source Hemagglutination geometric mean titers of

AHFV samples®

Trypsin-untreated Trypsin-treated virus

virus samples samples

A B C A B C
Goose <2 <2 <2 512 256 128
Human group O+ <2 <2 <2 256 128 128
Rat <2 <2 <2 64 32 32
Guinea pig <2 <2 <2 32 16 16
Mouse <2 <2 <2 16 8 8
Camel <2 <2 <2 <2 <2 <2
Cow <2 <2 <2 <2 <2 <2
Chicken <2 <2 <2 <2 <2 <2
Duck <2 <2 <2 <2 <2 <2
Goat <2 <2 <2 <2 <2 <2
Rabbit <2 <2 <2 <2 <2 <2
Sheep <2 <2 <2 <2 <2 <2
Turkey <2 <2 <2 <2 <2 <2

4 The experiments were repeated three times, and the same results
were obtained

supernatant medium containing AHFV to each well of the
first column of the plate, and a twofold dilution series was
made across the plate until well number 12. At well
number 12, 50 pl was discarded in disinfectant fluid. At
each dilution level, the tips were changed to avoid a car-
ryover effect. Duplicate wells were used for erythrocytes of
each species. Trypsinized or untrypsinized erythrocytes of
each species were added (50 pl per well) to their allocated
wells in the plate. For each species of erythrocytes, wells
containing only PBS, pH 7.4, and erythrocytes were
included as controls. The plates were incubated at room
temperature (22 °C) and read at 30, 45, and 60 minutes,
and the geometric mean titers (GMTs) were calculated.
The experiments were repeated three times, using fresh
erythrocytes each time.

Results

The virus titers were 1017°/ml, 10773 /ml, and 10*%°/ml for
samples A, B and C, respectively. Table 1 shows the AHFV
HA GMTs of the different erythrocytes preparations against
the three virus samples (A, B and C). Without trypsin treat-
ment, erythrocytes from the thirteen tested species were not
agglutinated by AHFV. Trypsin-treated erythrocytes of five
species were agglutinated by AHFV. The best results were
obtained with goose (HA GMT range: 128-512) and human
type O+ (HA GMT range: 128-256) erythrocytes, followed

by rat (HA GMT range: 32-64) and guinea pig (HA GMT
range: 16-32) erythrocytes. The least reactive erythrocytes
were those from mice, which gave HA GMTs ranging
between 8 and 16. The rest of the erythrocytes species were
not agglutinated by AHFV before or after trypsin treatment.
There was no difference in the HA GMT results after 30, 45,
and 60 minutes. The experiments were repeated three times,
using fresh erythrocytes each time, and the same results were
obtained.

Discussion

Trypsin treatment of tissue culture cell lines is a widely
used procedure for structure-function studies of virus-cell
interactions [12—17]. Such studies on orthomyxoviruses
were seminal in our understanding of the molecular basis
for influenza virus pathogenicity [18-21]. Trypsin treat-
ment of both mammalian and avian erythrocytes has been
used to render these cells amenable to agglutination by
viruses bearing appropriate surface peptides that can attach
to unmasked receptors [22-26]. The resulting HA and HAI
activity provides a powerful research and diagnostic tool
for studies of viruses and their interactions with cellular
receptors.

Many flaviviruses have been shown to agglutinate gan-
der erythrocytes under carefully defined conditions of pH,
temperature and buffers [27]. This procedure has stood the
test of time; in fact, it has been the gold standard. However,
not all flaviviruses agglutinate erythrocytes under these
conditions. Moreover, this method is technically quite
demanding and time-consuming. Nevertheless, the HA and
HALI tests are extremely valuable tools for diagnostic and
serological studies. We have exploited the principle of
treating cells with trypsin to expose potential new receptor
sites on the erythrocyte surface and then to test whether or
not the treated cells can be used in technically simple and
rapid HA tests. We believe a simple procedure of this type
would not only be valuable for standard titrations of the
sort described above with AHFV but would potentially
expand the range of flaviviruses that could be studied even
in the most basic laboratories.

In the present study, the HA activity of AHFV for a
spectrum of mammalian and avian erythrocytes was
examined. The erythrocytes of these species were chosen
because some of them (e.g., human type O+, chicken, and
guinea pig) are routinely employed in HA studies with
some members of the family Flaviviridae, to which AHFV
belongs [28]. Erythrocytes from the rest of the species are
also used routinely with some other viruses (e.g., influenza
virus, rubella virus, and hepatitis B virus) [29-31]. Our
results clearly demonstrate that AHFV can agglutinate a
variety of trypsin-treated erythrocytes that in the non-
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treated form are not agglutinated by AHFV. Before trypsin
treatment, AHFV failed to agglutinate erythrocytes of the
thirteen species examined. Following trypsin treatment,
AHFV agglutinated erythrocytes of five species. The effect
of trypsin-induced enhancement of the sensitivity of HA
activity of viruses has been well documented with many
other viruses [22-26]. However, the previously described
viruses caused a low level of HA with the relevant eryth-
rocytes before trypsinization, and when trypsinized, the HA
titres rose to high levels. In our study, HA was completely
absent before trypsinization, indicating that the receptors
on the surface of the erythrocytes were completely inac-
cessible to AHFV and that the HA activity was trypsin-
ization-dependent in five of the thirteen species.

Several interesting observations emanate from the
results of comparing different mammalian and avian spe-
cies. Firstly, following trypsin treatment, the erythrocytes
that were most sensitive to HA were from geese and human
blood group O+; the remaining positive species (rat, gui-
nea pig, and mouse) were successively less sensitive.
Although this decline in sensitivity to HA could reflect
experimental conditions such as pH or temperature, it more
likely reflects decreasing availability of appropriate
receptors for AHFV. All of the other species were negative
in these tests. It is therefore tempting to suggest that these
negative species represent animals that are unlikely to be
susceptible to infection by AHFV, whereas the positive
species might show respective reduction in susceptibility to
infection by AHFV, with geese and humans being the most
susceptible. This concept could initially be tested in
appropriate cell culture systems and, perhaps in some
cases, in laboratory animals.

In summary, we have described a simple procedure with
which to render erythrocytes from humans and other spe-
cies susceptible to agglutination by AHFV. This may
provide a basis for developing an HAI test to detect anti-
bodies against AHFV for diagnostic and research purposes.
The method is much easier to use than the traditional
method for arboviruses devised originally by Clarke and
Casals [27]. It would be interesting to test whether or not
the same procedure could be applied to all flaviviruses and
perhaps to all arboviruses.
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