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Background: Although Alkhumra haemorrhagic fever virus (AHFV) has been isolated from ticks, epidemiological
data suggest that it is transmitted from livestock to humans by direct contact with animals or by mosquito bites,
but not by ticks. This study was carried out to assess the ability of the virus to replicate in tick cells in vitro.

Methods: AHFV was inoculated into cell lines derived from the hard ticks Hyalomma anatolicum (HAE/CTVM9) and
Rhipicephalus appendiculatus (RAE/CTVM1) and the soft tick Ornithodoros moubata (OME/CTVM24). Inoculated
cells were directly examined every week for 4 weeks by real-time reverse transcription PCR and by IFAT using poly-
clonal antibodies.

Results: AHFV RNA was detected in all three inoculated tick cell lines throughout the 4-week observation period at
levels up to almost twice that of the inoculum, but none of them exhibited a cytopathic effect. AHFV antigen
could be detected in all three cell lines by IFAT. Titration of tick cell culture suspension in LLC-MK2 cells yielded
AHFV titres of 106.6 50% tissue culture infective dose (TCID50)/ml for OME/CTVM24 and 105.5 TCID50/ml for
RAE/CTVM1 cells after 4 weeks of culturing; no viable virus was detected in HAE/CTVM9 cells.

Conclusion: This is the first description of propagation of AHFV in tick cells.
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Introduction

Alkhumra haemorrhagic fever virus (AHFV) is a newly described
haemorrhagic fever virus that was first identified in Saudi Arabia. It
is a member of the tick-borne encephalitis group in the genus Flavi-
virus of the family Flaviviridae. It was first isolated in 1995 from six
patients living in Alkhumra district in Jeddah, the main seaport in
western Saudi Arabia.1 In 2001–2003, Madani described 20 con-
firmed cases in the holy city of Makkah, 75 km from Alkhumra dis-
trict, and proposed the name ‘Alkhumra’ be given to the virus after
the geographic location from which it was originally isolated.2,3

From 2003–2007, eight confirmed cases of AHFV infection were spor-
adically reported from Najran in southern Saudi Arabia.4 Subsequent-
ly, an outbreak of AHFV infection occurred in Najran in 2008–2009

with 70 confirmed cases reported. AHFV was reported only from
Saudi Arabia until 2010 when two travellers returning to Italy from
southern Egypt were confirmed to be infected with AHFV.5

Because of the close phylogenetic similarity between AHFV and
the tick-borne Kyasanur Forest disease virus, ticks are believed by
some to play an important role in the transmission cycle of AHFV.6,7

This is further supported by the PCR-based detection of a virus
closely related to the human AHFV from an Ornithodoros tick in
Jeddah, and from O. savignyi and Hyalomma dromedarii ticks in
Najran, Saudi Arabia.8,9 Although clinico-epidemiological studies
indicated that mosquito bites, but not tick bites, were a risk factor
for AHFV infection, the role of ticks as reservoirs of the virus in its
ecological niche and as vectors transmitting the virus between
animals and perhaps also from animals to humans remains a
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possibility.2,3 Current epidemiological data suggest a clear associ-
ation of human infection with livestock, particularly sheep, goats
and camels, despite the absence of any manifestations of illness
in such animals.3 Direct contact with these animals or handling of
their fresh raw meat is strongly suspected as a primary mode of
transmission. In addition, based on patient responses, mosqui-
toes may also be important vectors in the transmission of the
virus from animals to humans.2,3

The susceptibility of a cell line derived from a particular arthro-
pod vector to infection by a specific infectious agent (e.g. a virus)
reflects the natural vector–virus relationship and can provide infor-
mation about the determinants of virus transmission and viral per-
sistence in the natural environment.10 Therefore, the recent report
of successful propagation of AHFV in mosquito cells lends further
support to the speculated mosquito-borne mode of transmission.11

The objective of this study was to examine whether tick cell lines can
also support the growth of AHFV in an attempt to provide further
insight into the potential vectors and/or reservoirs of this virus.

Materials and methods

Virus

The AHFV used in this study, designated AHFV/997/NJ/09/SA, was
originally isolated from a patient’s blood by inoculation into baby
rat brains during the outbreak of the disease that occurred in
Najran City, Southern Saudi Arabia, in 2008–2009.3 The virus
was adapted and titrated in rhesus monkey kidney cell culture
(LLC-MK2) monolayers as described previously.11 Its titre was 107.2

50% tissue culture infective dose (TCID50)/ml. The RNA control
used in the real-time PCR was extracted, as described below, from
AHFV grown in LLC-MK2 cell culture to a titre of 108.2 TCID50/ml.

Tick cell lines

The cell lines HAE/CTVM9 derived from the hard tick H. anatolicum,
OME/CTVM24 derived from the soft tick O. moubata and RAE/
CTVM1 derived from the hard tick Rhipicephalus appendiculatus
(generated by the co-author Lesley Bell-Sakyi at the Roslin Well-
come Trust Tick Cell Biobank, Edinburgh, UK) were grown in L-15
(Leibovitz)-based medium supplemented with 10% tryptose
phosphate broth, 20% fetal bovine serum, 2 mM L-glutamine,
100 U/ml penicillin and 100 mg/ml streptomycin (Gibco, Grand
Island, NY, USA) at 288C as previously described.12–14 The tick
cells were maintained in 2.2 ml of medium in flat-sided culture
tubes (Nunc, Rochester, NY, USA) or 6 ml of medium in 25 cm2

cell culture flasks (Corning Inc., Corning, NY, USA); medium was
changed weekly by removal and replacement of two-thirds
volume and cells were subcultured 1:1 as required.

Infection of tick cell lines

Four tubes of each tick cell line (HAE/CTVM9, OME/CTVM24 and
RAE/CTVM1) were each inoculated with 0.1 ml of the virus suspen-
sion in the form of LLC-MK2 cell culture supernate, without
removal of medium or any other disturbance. As it was not possible
to subsequently wash the OME/CTVM24 cells to remove excess virus
in the supernate owing to their extreme fragility,13 none of the tick
cells were washed in order to treat all three lines identically. The
tubes were incubated at 288C and 140 ml of medium containing

re-suspended cells was removed weekly (for 4 weeks) from each
tube, pooled for each cell line, frozen and thawed, centrifuged at
492×g and the supernatant was tested in the real-time reverse tran-
scription PCR (RT-PCR) for the presence of AHFV RNA as described
below. Also from each tube of each cell line, 0.1 ml of cell suspension
was gently collected each week, pooled and used to detect AHFV
antigen by immunofluorescence as described below. A fifth,
uninfected tube of each cell line was sampled as above to provide
negative controls for real-time RT-PCR and immunofluorescence.

Real-time reverse transcription PCR

Tick cell culture suspensions harvested from infected and uninfect-
ed control tubes were clarified by centrifugation in a bench-top cen-
trifuge (Eppendorf, Hamburg, Germany) at 12 298×g for 10 min.
Viral RNA was extracted from 140 ml of the cell-free fluid using a
QIAamp Viral RNA Kit (QIAGEN, Hilden, Germany) without modifica-
tion. RNA was eluted in 50 ml of AVE elution buffer.

The One-Step Real-Time RT-PCR system combining SuperScript
Reverse Transcriptase with Platinum Taq Polymerase (Life Technolo-
gies, Karlsruhe, Germany) was used in the 5′ nuclease assay. The
reaction mix contained 10ml of Master Mix provided with the kit (in-
cluding the basic level of MgSO4), 40 ng of bovine serum albumin
(BSA) (Sigma, Munich, Germany) per microlitre, and 2 ml of RNA.
The 20 ml assay of the LightCycler reaction capillary for AHFV
RT-PCR with 5′ nuclease probe detection involved reverse transcrip-
tion at 508C for 30 min, initial denaturation at 958C for 15 min, and
45 cycles at 958C for 1 s and then at 578C for 30 s.15,16 Fluorescence
was read at each of the combined annealing–extension steps at
578C. A standard AHFV RNA preparation was used as a positive
control in each real-time RT-PCR run. Ct values were used to calculate
theoretical relative RNA copy numbers, which were then normalised
against the values obtained for the positive control RNA on each
sample day and were used to calculate percentage increase in RNA
compared with the amount of RNA present in each culture imme-
diately following inoculation.

IFAT

Tick cells infected with AHFV were examined by IFAT using a
method described previously.11 AHFV-infected cells and uninfect-
ed control cells were deposited on Teflon-coated 8-well slides. The
slides were air-dried inside a biosafety cabinet and were fixed in
chilled acetone/methanol (1:1) for 20 min. The wells were overlaid
with 20 ml of a 1:200 dilution in PBS of hyperimmune mouse ascitic
fluid containing polyclonal antibodies against AHFV prepared as pre-
viously described.17 The slides were incubated in a moist chamber at
378C for 60 min and were subsequently washed three times in PBS.
The bound antibody was detected with fluorescein-isothiocyanate
(FITC)-conjugated goat anti-mouse IgG (Sigma) in 0.2% Evans blue
(Sigma) with 2% BSA. The slides were washed, mounted with Fluo-
prep (bioMérieux, Marcy L’Étoile, France) and were finally examined
under a Leitz fluorescence microscope (Leitz, Barcelona, Spain) with
appropriate excitation and barrier filters for FITC. Images were
captured with an Olympus camera model BX51/BX52 # DP-72
(Olympus, Tokyo, Japan).

Virus titration in LLC-MK2 cell culture

The four tubes of each tick cell line were pooled 4 weeks after inocu-
lation with AHFV, frozen and thawed, vortexed and centrifuged at
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492×g. The supernatant was then collected and used for titration of
the virus in LLC-MK2 cells as described previously.11 The endpoint
titre was calculated as TCID50/ml.18 Uninfected control cultures of
each tick cell line were similarly assayed.

Results
Following inoculation with AHFV, none of the tick cell lines showed
any cytopathic effect over the subsequent 4-week test period.
AHFV RNA was detected in the three inoculated tick cell lines on
all sample days, with the real-time RT-PCR demonstrating a
clear increase in RNA copy numbers in the 7 days following inocu-
lation compared with the initial inoculum (Figure 1). By Day 14
post inoculation, RNA copy numbers had almost doubled in all
three cell lines, followed by a gradual decrease to Day 28 when
there was still more virus RNA present than on Day 0. Uninfected
control cultures remained negative (no AHFV RNA amplification)
throughout the test period.

All of the inoculated tick cells showed specific fluorescence
(Figure 2), with a progressively higher proportion of cells fluorescing
each week until the end of the experiment (Table 1). Uninfected
control cells did not show any specific fluorescence. The autofluor-
escence that is usually encountered with the OME/CTVM24 cells
(authors’ unpublished observations) was minimised by incorpor-
ation of BSA in the fluorescent conjugate.

As shown in Table 1, AHFV recovered from OME/CTVM24 and
RAE/CTVM1 cultures at the end of the study (4 weeks) was infec-
tive for LLC-MK2 cells, yielding titres of 106.6 TCID50/ml and 105.5

TCID50/ml, respectively. No viable virus was recovered in LLC-MK2
cells from the inoculated HAE/CTVM9 or from the uninfected controls.

Discussion
Findings in the present study constitute the first record of growth
of AHFV in tick cell lines. The results indicated that AHFV was able
to multiply and produce viable virus both in the OME/CTVM24 and
RAE/CTVM1 tick cell lines as confirmed by multiplication of AHFV in
LLC-MK2 indicator cells to titres of 106.6 TCID50/ml and 105.5

TCID50/ml, respectively. As the titre of the original inoculum was
107.2 TCID50/ml, each tube of tick cells received 106.2 TCID50 and
the nominal titre after inoculation would be 105.6 TCID50/ml.
Therefore, it is clear that the AHFV multiplied by ≥10-fold in the
OME/CTVM24 cells, whilst in RAE/CTVM1 cells the amount of
virus recovered after 4 weeks in vitro was about the same as
that inoculated on Day 0. However, any virus left in the supernate
following inoculation would have been diluted at least 20-fold
during the three medium changes on Days 7, 14 and 21, so it
appears likely that some replication took place in both cell lines.

AHFV RNA was detected by real-time RT-PCR and viral antigen
was detected by IFAT both in the OME/CTVM24 and RAE/CTVM1
tick cell lines. AHFV activity was also evident in the inoculated
HAE/CTVM9 cultures as confirmed by real-time RT-PCR for AHFV
RNA and by IFAT for viral antigen, but viable AHFV was not
detected in the inoculated indicator LLC-MK2 cells, suggesting
that the HAE/CTVM9 cell line did not support production of virus
particles infective for mammalian cells. This could be due to
failure of viruses to assemble properly, inability of mammalian-
infective viruses to leave the tick cells, or inability to enter the
mammalian cells. Increasing numbers of infected HAE/CTVM9
cells detected by IFAT indicate that the virus was able to leave
and re-enter tick cells, suggesting that the mechanism used
by the virus to enter arthropod cells may differ from that used
to enter mammalian cells. Moreover, absence of infective
AHFV in the HAE/CTVM9 cultures indicated that no virus from
the original inoculum had survived the 4-week test period,
thereby confirming that the AHFV detected in LLC-MK2 from
OME/CTVM24 and RAE/CTVM1 cultures was most likely the
result of replication and production of infective virus in these
two tick cell lines.

Another factor that could affect the production of mammal-
infective virus in a tick cell line is whether or not the line contains
cells that are suitable for virus replication. Tick cell lines are both
phenotypically and genotypically diverse19 and very little is known
about the range of cell phenotypes within a particular line, apart
from easily recognisable cell types such as hemocytes. It is not
known which cells play an important role in AHFV replication in
any arthropod. Certainly, one would expect that midgut and saliv-
ary gland cells would be important as the likely entry and exit
points, respectively, for the virus, but other tissues may also be
involved in virus persistence throughout the life cycle of the tick,
for example during moult and during oogenesis if the virus is
transovarially transmitted. Midgut cells and even salivary gland
cells could be present in any of the tick cell lines used, as they
were derived from whole tick embryos. Both RAE/CTVM1 and

Figure 1. Real-time reverse transcription PCR for detection of Alkhumra
haemorrhagic fever virus (AHFV) RNA in tick cell lines HAE/CTVM9 derived
from the hard tick Hyalomma anatolicum, OME/CTVM24 derived from
the soft tick Ornithodoros moubata and RAE/CTVM1 derived from the
hard tick Rhipicephalus appendiculatus. The graph shows the amount of
AHFV RNA detected in each cell line on Days 7, 14, 21 and 28 post
inoculation, calculated as the percentage increase compared with the
amount present in each culture immediately following inoculation on
Day 0. OME/CTVM24 was not tested on Day 21 post inoculation.
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OME/CTVM24 are very heterogeneous and contain cells that re-
semble midgut cells by light microscopy (Lesley Bell-Sakyi, unpub-
lished observations). HAE/CTVM9 is less heterogeneous and the
cells are predominantly hemocyte-like.12 Although it is not possible
to draw firm conclusions about the potential ability for a tick to
transmit a virus in vivo from the phenotypic diversity of a cell line
derived from that tick species which supports virus replication in
vitro, the observation that the virus is capable of such replication
in tick cells provides evidence in support of a possible role for the
tick somewhere in the epidemiology of the virus.

We have recently confirmed that AHFV can propagate in the
C6/36 cell line derived from the mosquito Aedes albopictus.11

AHFV can thus grow both in tick and mosquito cell lines. Such a phe-
nomenon is not unique to AHFV as similar behaviour was previously
reported for Langat virus, West Nile virus (WNV), Venezuelan equine
encephalitis virus, Ganjam virus,20,21 and many other mosquito-
borne arboviruses as reviewed recently.19

Early attempts to propagate arboviruses in arthropod cell lines
were predominantly carried out in mosquito-derived cell lines.22

With the introduction of tick-derived cell lines, a range of arbo-
viruses were found to replicate in these cell lines.19,20 Tick cell
lines were subsequently employed to investigate different aspects

of the relationship between tick-borne encephalitis virus and ticks
at the cellular and molecular levels.19,23

Growth of arboviruses in vector and non-vector tick cell lines
produced interesting findings. In a study by Růzek et al., it was
found that there was a clear difference between tick-borne en-
cephalitis virus growth in vector and non-vector tick cell lines.24

For example, cell lines derived from the vector Ixodes ricinus pro-
duced 100–1000-fold higher virus yield than non-vector cell
lines.24 Similarly, Crimean–Congo haemorrhagic fever virus repli-
cation as measured by real-time RT-PCR was 10–100-fold higher
in cell lines derived from the vector tick species H. anatolicum
than in non-vector cell lines.19 In the present study, yield of viable
AHFV from the O. moubata cell line (OME/CTVM24) was ≥10-fold
higher than that from the R. appendiculatus cell line (RAE/CTVM1),
whilst the H. anatolicum cell line (HAE/CTVM9) appeared to be in-
capable of supporting production of virus capable of infecting and
causing a cytopathic effect in LLC-MK2 cells. It is unclear whether
this in vitro pattern reflects real differences in natural vectorial or
reservoir host capacity of these tick genera in vivo. AHFV has been
isolated in Saudi Arabia from ticks of the genera Ornithodoros and
Hyalomma,8 whilst there are no reports of Rhipicephalus spp. ticks
being found positive for this virus.

Figure 2. IFAT for detection of Alkhumra hemorrhagic fever virus (AHFV) in tick cell lines HAE/CTVM9 (A,B) derived from the hard tick Hyalomma
anatolicum, OME/CTVM24 (C,D) derived from the soft tick Ornithodoros moubata and RAE/CTVM1 (E,F) derived from the hard tick Rhipicephalus
appendiculatus. A,C,E: uninfected control cells; B,D,F: cells 7 days after inoculation with AHFV.
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A study examining the susceptibility of some tick and mosquito
cell lines to 13 arthropod-borne flaviviruses and an alphavirus
showed that the mosquito cell line was permissive to all of the
tested mosquito-borne flaviviruses but not to the tick-borne
viruses except Langat virus.20 On the other hand, the tick cell lines
were susceptible to all the tested tick-borne viruses as well as to
two mosquito-borne viruses, namely WNV and Venezuelan equine
encephalitis virus, but not to other mosquito-borne viruses. The
authors concluded that although a tick- or mosquito-derived cell
line can become infected by a particular arbovirus, this does not
always reflect vector association. Although naturally transmitted
by mosquitoes, WNV has been isolated from ticks and can be experi-
mentally transmitted by O. moubata.25 To the best of the authors’
knowledge, no Flavivirus has been confirmed to be naturally trans-
mitted both by ticks and mosquitoes.

In conclusion, although the vector(s) and reservoir(s) of AHFV
have yet to be identified, the findings of this study and of a previ-
ous study11 indicate that both mosquitoes and ticks may play a
role in the epidemiology of AHFV. Since epidemiological observa-
tions during AHFV outbreaks in Saudi Arabia suggested that mos-
quitoes were the likely vectors transmitting the virus from animals
to humans, ticks may play a role as a reservoir of the virus in its eco-
logical niche and/or as vectors transmitting the virus between
animals as previously proposed.2,3,11 More studies are needed to
define the exact roles of ticks and mosquitoes in the epidemiology
and transmission of AHFV in nature.
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