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Crimean-Congo hemorrhagic fever virus (CCHFV) is an etiological agent of a disease with mortality rates
in patients averaging 30%. The disease is characterized by fever, myalgia, and hemorrhage. Mechanisms
underlying the hemorrhage have to our knowledge not been elucidated for CCHFV. Possibly, a direct or
indirect viral effect on tight junctions (TJ) could cause the hemorrhage observed in patients, as TJ play a
crucial role in vascular homeostasis and can cause leakage upon deregulation. Moreover, there is no knowledge
regarding the site of entry and release of CCHFYV in polarized epithelial cells. Such cells represent a barrier
to virus dissemination within the host, and as a site of viral entry and release, they could play a key role in
further spread. For the first time, we have shown preferential basolateral entry of CCHFV in Madin-Darby
canine kidney 1 (MDCK-1) epithelial cells. Furthermore, we demonstrated basolateral release of CCHFV in
polarized epithelial cells. Interestingly, by measuring transepithelial electrical resistance, we found no effect of
CCHFYV replication on the function of TJ in this study. Neither did we observe any difference in the localization
of the TJ proteins ZO-1 and occludin in CCHFV-infected cells compared to mock-infected cells.

Crimean-Congo hemorrhagic fever virus (CCHFV) is a mem-
ber of the Nairovirus genus within the Bunyaviridae family.
Bunyaviridae virions are enveloped and contain a trisegmented
single-strand RNA genome of negative sense orientation. The
large segment encodes an RNA-dependent RNA polymerase,
the medium segment a precursor of glycoproteins, and the
smallest segment a nucleocapsid protein (NP) (29). Replica-
tion takes place in the cytoplasm followed by association of
nucleocapsid protein with viral RNA to yield ribonucleopar-
ticles (29). The glycoproteins are synthesized as polyprotein
precursors and become posttranslationally processed within
the Golgi apparatus, producing the mature structural proteins
Gy and G and a newly discovered glycoprotein, GPg, whose
role has yet to be determined (3, 28). It has been suggested that
nucleocapsid protein targets the viral ribonucleoparticle to the
Golgi apparatus, where assembly of the progeny virion occurs
by association with the glycoproteins (22). Budding into cister-
nae of the Golgi apparatus is thought to be initiated by the
interaction of the ribonucleoparticle with the glycoproteins,
which leads to release of the progeny virion within vesicles
similar to those seen in the secretory pathway (29).

CCHFYV is a causative agent of a human disease called
Crimean-Congo hemorrhagic fever with symptoms such as fe-
ver, prostration, and severe hemorrhages, in severe cases lead-
ing to death (35). Transmission of the virus occurs by either
tick bite or contact with infected tissues or blood (36). The
factors determining the molecular mechanisms underlying viral
uptake/entry into target cells and pathogenicity of CCHFV
remain largely unexplored. Consequently, efficient disease con-
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trol strategies can be designed only when a clearer picture of
virus host-cell interactions is obtained.

Among the factors that remain to be elucidated are the host
cell entry and release of CCHFV in polarized epithelial cells
and whether tight junctions (TJ) in epithelial cells are dis-
turbed.

Epithelial cells have asymmetric plasma membranes con-
taining distinct apical and basolateral parts (41). The TJ enable
maintenance of polarity by functioning as a barrier by keeping
membrane proteins segregated (30). Another function of TJ is
to regulate paracellular permeability controlling, for instance,
the vascular homeostasis of the organism (2). Disturbance of
TJ can lead to leakage between adjacent cells (37), which could
also cause the hemorrhages observed in CCHF patients. One
of the most obvious symptoms in viral hemorrhagic fever pa-
tients is bleeding in different organs. This could be explained
by an increased permeability of the endothelium, which is a
subtype of epithelia (2), or by cellular detachment for under-
lying tissues. Endothelial dysfunction could further be caused
by either direct viral infection or activation of immunological
and inflammatory pathways (31), but until now, there has been
no knowledge regarding the mechanism behind these phenom-
ena for CCHFV.

Due to the lethal nature of CCHFV, any handling of this
virus has been restricted to biosafety level 4 laboratories, lim-
iting research efforts to clarify the virus-epithelial cell interac-
tion and studies of the mechanisms underlying pathogenesis.
Here, we report for the first time polarized entry and release of
CCHFV in epithelial cells. We also found that CCHFV, per se,
neither causes a redistribution of the TJ proteins occludin and
Z0O-1 nor does disturbs the functional integrity of TJ.

MATERIALS AND METHODS

Cells and antibodies. Madin-Darby canine kidney 1 (MDCK-1) cells and Vero
EG6 cells were all grown in Dulbecco’s modified Eagle’s minimal essential medium
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FIG. 1. (A) Semiconfluent cells are not polarized as indicated by TJ staining. Semiconfluent and confluent cell layers were stained for occludin
(red) in order to indicate the level of cell polarization upon infection with CCHFV. Cell nucleus is indicated by DAPI staining (blue).
(B) Subconfluent cell layers are more susceptible to infection with CCHFV than confluent cell layers. MDCK-1 cell layers were grown to either
semiconfluence (i) or confluence (ii) and inoculated with CCHFV at an MOI of 0.02. Cell layers were fixed and stained for CCHFV NP 48 hpi

and examined by immunofluorescence microscopy.

(Gibco, Invitrogen, Carlsbad, CA) supplemented with 2% or 10% fetal bovine
serum, antibiotics (10 U/ml penicillin and 10 pg/ml streptomycin), and 2%
HEPES (Gibco, Invitrogen, Carlsbad, CA). Antibodies used in this study in-
cluded a rabbit polyclonal anti-CCHFV NP antibody (1), a mouse anti-occludin
antibody (Zymed Laboratories), and a rat monoclonal anti-ZO-1 antibody
(Chemicon International, Inc., Temecula, CA).

Indirect immunofluorescence. MDCK-1 cells were grown on Lab-Tek IT cham-
ber slides (Nunc) and infected with CCHFV strain Ibar 10200, initially isolated
from Hyalomma excavatum ticks in Nigeria in 1966 (6). After infection, cells were
fixed with cold 95% ethanol, permeabilized with ice-cold acetone, and blocked in
2% bovine serum albumin (Sigma, St. Louis, MO) in phosphate-buffered saline
(PBS). The cells were incubated with primary rabbit CCHFV NP (diluted 1:100
in dilution buffer, 0.2% bovine serum albumin, and 0.1% Triton-X in PBS) in a
combination with either mouse occludin (1:100 in dilution buffer) or rat ZO-1
(1:100 in dilution buffer) antibodies for 1 h at 37°C. After rinsing with PBS, the
cells were incubated with anti-rabbit/rat fluorescein isothiocyanate-conjugated
(Dako-Cytomation, Copenhagen, Denmark) or anti-rabbit/mouse tetramethyl
rhodamine isothiocyanate-conjugated antibodies (Jackson, Baltimore, MD) for
1 hat 37°C. After three washes, the slides were mounted using mounting medium
(Dako-Cytomation) and analyzed by immunofluorescence microscopy (Nikon
Eclipse TE300, Tokyo, Japan). DAPI (4',6’-diamidino-2-phenylindole) (Sigma,
St. Louis, MO) was applied to indicate the cell nucleus. Pictures were obtained
with a Hamamatsu digital camera (type Wasabi 1,4 Hamamatsu; Photonics,
GmbH, Germany). All handling of the virus occurred in the biosafety level 4
laboratory.

TER measurements. Establishment of confluence was determined by measur-
ing transepithelial electrical resistance (TER) over the cell layer, using a Milli-

cell-ERS volt-ohmmeter (Millipore, Billerica, MA). Values were obtained by
subtraction of a background value (i.e., TER of filters without cell growth) and by
multiplication by the area of the filter. Once TER values reached 1,500 ) - cm?, the
cell layer was considered confluent.

The TER of both infected and mock-infected cell layers was measured daily to
evaluate integrity of TJ.

Phorbol 12-myristate 13-acetate (PMA) (Sigma, St. Louis, MO) was added
apically to confluent MDCK-1 cell layers on Transwell 3.0-pm-pore filters at
concentrations of 100 and 1000 nM, respectively, and TER values obtained at the
indicated time points were used as positive controls. Mock-infected cell layers
were used to indicate a state of normality.

Entry and release assay. MDCK-1 cells were grown to confluence on 3.0-pm-
pore-size Transwell filters (Corning Inc., Corning, NY) with a diameter of 4.7
cm? and incubated at 37°C in a 5% CO, humidified atmosphere. The CCHFV
suspension was added to either the apical or basolateral compartment, incubated
for 1 h at 37°C, and washed three times with PBS, followed by addition of 10%
fetal bovine serum medium (described above) and incubation at 37°C. Cells were
harvested in lysis buffer 72 h postinfection (hpi), and CCHFV NP was detected
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). To
investigate the route of release of CCHFYV, supernatants were collected 24, 48,
and 72 hpi and exchanged for 10% fetal bovine serum medium. Supernatants
were titrated for analysis of progeny virions as with the immunofluorescence
focus unit assay.

A 15 mM concentration of ethylene glycol-bis (B-aminoethyl ether)-
N,N,N',N'-tetraacetic acid (EGTA) (Sigma, St. Louis, MO), which disrupts the
junctional complex between cells (25, 39), was applied to confluent monolayers
on Transwell 3.0-um-pore filters preinfection and incubated for 1 h at 37°C in a
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5% CO, humidified atmosphere. Cells were then infected as described above.
Mock-treated cells were incubated with medium.

SDS-PAGE and Western blotting. Infected cells were harvested in lysis buffer
(10 mM Tris-HCI, 150 mM NaCl, 1 mM EDTA, 1% SDS) containing Complete
mini protease inhibitor (Roche, Basel Switzerland) and boiled in reducing sam-
ple buffer for 10 min. Separation of polypeptides was performed by reducing
SDS-PAGE, using a 5% concentration gel and a 10% separation gel (Bio-Rad).
Electrophoresis was carried out at a constant current of 30 A. Proteins were
transferred to nitrocellulose membranes using a transfer buffer containing 25
mM Tris, 192 mM glycine, and 20% (vol/vol) methanol at 100 V for 1 h, and
membranes were blocked in 5% nonfat dry milk in 0.1% Tween (PBS-T) over-
night at 4°C. The membranes were incubated in rabbit anti-CCHFV NP antibody
and rabbit anti-calnexin, to ensure equal loading of samples in wells, in blocking
buffer for 1 h at room temperature. After being washed three times with PBS-T,
the membranes were incubated with goat anti-rabbit horseradish peroxidase-
conjugated antibody for 1 h at room temperature. The membranes were then
washed three times with PBS-T and developed with ECL Plus Western blotting
detection reagents (Amersham, Pharmacia, Buckinghamshire, United King-
dom), according to the manufacturer’s protocol.

Assay for determination of FFU. For determination of fluorescence focus units
(FFU), Vero cells grown in 96-well plates (Sarstedt, Nimbrecht, Germany) were
infected with serially diluted (5- and 10-fold) harvested supernatants. After
absorption for 1 h at 37°C, the supernatants were removed and the cells were
washed with PBS. Cells were fixed in ice-cold 80% acetone at 24 hpi, rabbit
anti-CCHFV NP was added for 1 h at 37°C, and the cells were washed twice in
PBS and further incubated with swine anti-rabbit fluorescein isothiocyanate-
conjugated antibody (Dako-Cytomation, Copenhagen, Denmark) for 1 h at 37°C.
Fluorescent foci were counted in the fluorescence microscope, thereby enabling
calculation of progeny virus titers.

RESULTS

CCHFYV entry into polarized MDCK-1 cells occurs prefer-
entially at the basolateral surface. In order to study the po-
larity of CCHFV entry, confluent and semiconfluent cells were
infected. To verify semiconfluent cells had not established tight
junctions at the time of infection, semiconfluent and confluent
cells were stained for occludin (Fig. 1A). It was clear that
semiconfluent cells have a limited presence of occludin in
cell-cell boundaries, indicating these cells have not established
tight junctions. CCHFV would therefore have access to viral
attachment proteins in semiconfluent cells as polarization has
not occurred yet.

Mock-infected or CCHF V-infected cells grown on chamber
slides were fixed at 48 hpi. Inoculation of confluent cells (1B.ii)
revealed very few infected cells, in contrast to inoculation of
semiconfluent cells (1B.i), where more than 50% of the cell
layer was infected (Fig. 1B). This indicates a segregation of
the viral attachment proteins to the basolateral surface upon
establishment of tight junctions and polarization of the ep-
ithelial cell.

To further study the route of entry of CCHFV in polarized
cells, MDCK-1 cells were grown to confluence on 3.0-pm-pore
permeable Transwell filters and infected with CCHFV at a
multiplicity of infection (MOI) of 1 either apically or basolat-
erally. The integrity of the cell layer was monitored throughout
the infections by measuring TER. Cell layers were lysed 72 hpi,
and viral nucleocapsids were detected by Western blotting, as
shown in Fig. 2A. Cells infected from the basolateral compart-
ment showed a high expression of viral nucleocapsids. In con-
trast, CCHFV NP could not be detected in apically infected
cells. These observations and the results shown in Fig. 1B
indicate a preference for basolateral entry in polarized cells.

To investigate the effect of increasing TER on CCHFV’s
ability to infect MDCK-1 cells, cells at different confluence
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FIG. 2. CCHFV has basolateral entry. (A) MDCK-1 cells were
grown to confluence on Costar membranes, and a viral suspension was
added to either the basolateral or the apical compartment at an MOI
of 1. At 72 hpi, the cells were harvested and analyzed for intracellular
viral nucleocapsids by Western blotting using calnexin as a loading
reference. (B) MDCK-1 cells were infected apically at semiconfluence
and confluence as indicated by TER and thereafter infected with
CCHFV at an MOI of 1. At 48 hpi, cells were harvested and analyzed
for infectivity by detecting viral nucleocapsids by Western blotting.
(C) Confluent cell layers were treated or mock treated with 15 mM
EGTA for 1 h and thereafter apically infected with CCHFV at an MOI
of 1. At 48 hpi, the cells were harvested and CCHFV NP was detected
by Western blotting.

levels (measured by TER) were apically infected with CCHFV
at an MOI of 1 and harvested by lysis 48 hpi. As indicated in
Fig. 2B, the infectivity decreases with increase of TER, utilized
as a marker of confluence, which supports the obtained results
in Fig. 1B.

Accessibility to the basolateral plasma membrane seems to
be the limiting factor to CCHFV infectivity. To verify this, the
junctional complex was disrupted by 15 mM EGTA treatment
in confluent cell layers and infected with the virus suspension
at an MOI of 1. At 48 hpi, cells were harvested and CCHFV
NP was detected by Western blotting. As illustrated in Fig. 2C,
the infectivity of CCHFV increases when virus has access to
the basolateral membrane in comparison to mock-treated in-
fected cells.

Release of CCHFV from MDCK-1 cells occurs preferentially
at the basolateral surface. To determine the preferred site of
release of CCHFV, confluent cell layers grown on 3.0-pm
permeable Transwell filters were inoculated basolaterally with
CCHFV at an MOI of 1. Once again, measurement of electri-
cal resistance across the cell layer monitored the integrity of
the cell layer. Supernatants were collected at 24, 48, and 72 hpi
from both the apical and basolateral compartments and as-
sessed for progeny virions by fluorescence focus assay as de-
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FIG. 3. CCHFV progeny virion release is primarily basolateral.
Confluent monolayers on semipermeable membranes were inoculated
basolaterally with CCHFV at an MOI of 1. Infected supernatants were
retrieved daily and exchanged for fresh medium. The titers of infec-
tious virions in the basolateral and apical supernatants (sup) were
determined by fluorescence focus unit assay as described in Materials
and Methods. Values from TER are given to indicate monolayer
integrity for both mock-infected cells and infected cells.

scribed in Materials and Methods. These results demonstrate a
preference for basolateral release as shown in Fig. 3. It should
also be mentioned that we found a minimal amount of progeny
virions at 24 and 72 hpi in apical supernatants.

CCHFY has no effect on the distribution of ZO-1 and oc-
cludin in MDCK-1 cells and no effect on the integrity of TJ.
TER is primarily believed to reflect the resistance over TJ (20),
and this was employed to investigate the general impact of
CCHFV on TJ. Confluent cell layers on semipermeable 3.0-
pm-pore Transwell filters were inoculated either apically or
basolaterally with CCHFV at an MOI of 1. The TER was
measured daily for 4 days to observe any effects compared to a
mock-infected cell layer. As shown in Fig. 4, there was no
noteworthy deviation from TER measured over the mock-
infected cell layer, indicating that CCHFV does not have a
direct impact on TJ.

PMA has been shown to disrupt TJ in MDCK-1 cells and
was therefore used as a positive control (33). PMA at 100 or
1,000 nM was applied apically to confluent cell layers grown on
3.0-pm semipermeable membranes, and TER was measured
every 30 min. Already after 30 min, a 10-fold decrease in TER
was observed for the cell layer inoculated with 1,000 nM PMA
and the same phenomenon was observed after 3.5 h for cell
layers inoculated with 100 nM (Fig. 4).

In order to detect whether CCHFV hinders the localization
of occludin and ZO-1 to TJ upon infection, semiconfluent
(approximately 50%) cell layers grown on chamber slides were
inoculated or mock inoculated with CCHFV suspension at an
MOI of 0.02. Cells were fixed at different time points, analyzed
for occludin (Fig. 5) and ZO-1 (Fig. 6) structure, and costained
for CCHFV NP by immunofluorescence. Both occludin and
Z0O-1 were localized to cell-cell boundaries in infected as well
as mock-infected cells as shown in Fig. 5 (occludin) and 6
(ZO-1); no effect of CCHFYV replication could therefore be
displayed on these two TJ proteins.

PMA was used as a positive control for perturbance of TJ.
Confluent cell layers were exposed to 100 nM PMA for 1 h and
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FIG. 4. The integrity of TJ is not disturbed by CCHFV. (A) Con-
fluent cell layers grown on 3.0-pm semipermeable membranes were
inoculated with an MOI of 1 of CCHFV either apically or basolater-
ally. TER was measured daily, and results are mean values of tripli-
cates. (B) PMA at 100 and 1,000 nM was added to confluent cell layers
on 3.0-pm-pore membranes, and TER was measured every 30 min.
The results are mean values of triplicates.

thereafter analyzed for altered distribution of tight junction
proteins by immunofluorescence for both occludin and ZO-1.
Both occludin and ZO-1 lost their localization at cell-cell
boundaries when exposed to PMA, as seen in Fig. 5B and 6B.

DISCUSSION

For the first time, we here show polarized entry for a virus
belonging to the Nairovirus genus, with entry occurring from
the basolateral compartment. Examples of other viruses known
to have basolateral entry are vaccinia virus (25), vesicular sto-
matitis virus (14), and human cytomegalovirus (12). The pres-
ence or absence of receptors or coreceptors essential for entry
is one of the factors determining whether an infection can be
established (40). Moreover, for polarized epithelial cells, the
segregation of viral receptors determines the restrictiveness of
attachment to either membrane. Based on the present studies,
we hypothesize the receptors utilized by CCHFV must be
primarily localized to the basolateral domain, as infection oc-
curs primarily when inoculating epithelial cells with virus sus-
pension basolaterally or when both cell membranes are acces-
sible. Further studies are, however, needed to clarify which
receptors are utilized by CCHFV and also the cellular distri-
bution. The specific receptors used for viruses within the
Bunyaviridae remain mostly unknown; however, 85 and B, in-
tegrins have been shown to be used as receptors for hantavi-
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FIG. 5. Occludin localizes to cell-cell boundaries in infected MDCK-1 cells. (A) Subconfluent cells grown in chamber slides were either infected
with CCHFV (top row) or mock infected (bottom row) and fixed 48 hpi. CCHFV NP is shown in green, and occludin is shown in red. (B) Confluent
cells were mock treated or treated with PMA (100 nM) for 1 h. After fixation, cells were stained for occludin as described in Materials and

Methods.

ruses (15, 16, 23). Within the Bunyaviridae family itself, little is
known about polarity of infection. What has been clarified so
far indicates an inconsistency of preferred entry site with apical
entry for Black Creek Canal virus (Hantavirus) (24) and bidi-
rectional entry for both Rift Valley Fever virus (Phlebovirus)
(19) and Andes virus (Hantavirus) (26).

We have also found that CCHFV was primarily released
from the basolateral compartment in the epithelial MDCK-1
cells. The maturation of Bunyaviridae particles is thought to
occur by budding into Golgi cisternae, transported to the cell
membrane in vesicles along the secretory pathway, and conse-
quent fusion with the cell membrane releasing the infectious
virion to the extracellular environment (11, 27, 34). The reten-
tion of viral glycoproteins in the Golgi membrane is believed to
determine the assembly site; however, what determines the
fate of the resulting vesicles has not been clarified yet. Target-
ing of CCHFYV vesicles to the basolateral membrane could

depend on an interaction with host cell proteins, which are
secreted in a polarized manner.

We have previously demonstrated an essential role of the
cytoskeleton in maturation of CCHFV. Disruption of actin
filaments caused a drastic decrease in the release of infectious
virions (1). In what aspect CCHFV release is dependent on the
cytoskeleton is currently being studied, and this may help clar-
ify the mechanisms behind polarization of release.

The distribution of viral receptor(s) determines the tropism
of the virus in the organism. If receptors are segregated to the
basolateral membrane in epithelial cells, the virus must first
traverse the epithelial linings before it can interact with the
receptor(s) (10). Systemic spread of CCHFV could result from
an early infection of blood-borne monocytes, followed by ex-
travasation into parenchymal tissue, enabling the virus to in-
teract with basolateral receptors, as has been speculated for
Ebola virus (5). Secondary replication in these organs followed
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FIG. 6. ZO-1 localizes to cell-cell boundaries in infected MDCK-1 cells. (A) Subconfluent cell layers of MDCK-1 in chamber slides were either
infected with CCHFV (top row) or mock infected (bottom row) and fixed 48 hpi. CCHFV NP is shown in red, and ZO-1 is shown in green.
(B) Confluent cells were mock treated or treated with PMA (100 nM) for 1 h. After fixation, cells were stained for ZO-1 as described in Materials

and Methods.

by basolateral release would further systemic spread of the
virus. Indirect support of this hypothesis comes from postmor-
tem studies of CCHF patients in which Kupffer cells in the liver
were shown to be major targets of the virus (7). The develop-
ment of an animal model would benefit studies of viral dissem-
ination, as has been performed for Ebola virus (17).
Infection of CCHFV did not cause any cytopathic effect in
MDCK-1 cells, and no effect on TJ could be either visualized
or measured by TER, demonstrating there is no direct viral
effect on TJ in the MDCK-1 epithelial cells. Studies of other
etiological agents of viral hemorrhagic fever give an indication
of what could occur during CCHFV-mediated hemorrhage.
Infection with dengue virus leads to redistribution of the tight
junction protein occludin and an increase in paracellular per-
meability (38). However, this effect seems to be mediated by
the release of cytokines, as virus-free supernatants from in-
fected cells and even acute-phase sera from infected patients

cause activation and leakage (4, 8, 9, 38). Similar observations
have been made for Ebola viruses (13, 17, 18, 21, 32). As we
find no direct effect on TJ, the bleeding observed in patients
must be due to other mechanisms, possibly immune mediated.
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