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SYNOPSIS

Crimean Congo-Hemorrhagic
Fever Virus for Clinicians—Virology,
Pathogenesis, and Pathology

Maria G. Frank, Gretchen Weaver, Vanessa Raabe;' State of the Clinical Science Working Group of the
National Emerging Pathogens Training and Education Center’s Special Pathogens Research Network

Crimean-Congo hemorrhagic fever (CCHF), caused
by CCHF virus, is a tickborne disease that can cause
a range of illness outcomes, from asymptomatic infec-
tion to fatal viral hemorrhagic fever; the disease has
been described in >30 countries. We conducted a lit-
erature review to provide an overview of the virology,
pathogenesis, and pathology of CCHF for clinicians. The
virus life cycle and molecular interactions are complex
and not fully described. Although pathogenesis and im-
munobiology are not yet fully understood, it is clear that
multiple processes contribute to viral entry, replication,
and pathological damage. Limited autopsy reports de-
scribe multiorgan involvement with extravasation and
hemorrhages. Advanced understanding of CCHF virus
pathogenesis and immunology will improve patient care
and accelerate the development of medical countermea-
sures for CCHF.

Crimean—Congo hemorrhagic fever (CCHF) was
clinically categorized as a disease during World
War II when, after being exposed to ticks, ~200 sol-
diers from the Soviet Union stationed in the Crimean
Peninsula during 1944-1945 developed hemorrhagic
fever symptoms, as part of an illness initially termed
Crimean hemorrhagic fever. Similar clinical features
had been described in present-day Tajikistan and
Uzbekistan as early as the 12th Century (1,2). An en-
veloped, single-stranded RNA virus isolated from an
infected patient in 1967 was named Crimean hemor-
rhagic fever virus. Another virus (Congo virus) was
identified following a hemorrhagic fever outbreak in

Author affiliations: Denver Health and Hospital Authority, Denver,
Colorado, USA (M.G. Frank); University of Colorado School of
Medicine, Denver (M.G. Frank); University of Massachusetts Chan
Medical School, Worchester, Massachusetts, USA (G. Weaver);
New York University Grossman School of Medicine, New York,
New York, USA (V. Raabe)

DOI: https://doi.org/10.3201/eid3005.231646
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the current Democratic Republic of the Congo (for-
merly Zaire) in 1956 (2). In the early 1970s, the name
was changed to Crimean-Congo hemorrhagic fever
virus (CCHFV), after Crimean hemorrhagic fever vi-
rus and Congo viruses were found to be serologically
indistinguishable in 1967.

Human CCHFYV infection mainly occurs through
the bite of an infected tick or exposure to blood or tis-
sue from infected animals; human-to-human trans-
mission, particularly in healthcare settings, has been
reported (3-5). Approximately 10,000-15,000 CCHF
cases are estimated to occur worldwide each year, but
more definitive numbers are difficult to ascertain. Un-
certainty arises because up to 88% of cases are thought
to be subclinical (6-8), unrecognized, or occur in loca-
tions with limited disease surveillance or laboratory
testing capability; also, the case definition for CCHF
is not standardized across endemic regions (9,10). A
recent worldwide systematic review and meta-analy-
sis, using data collected during 1974-2020, reported
an overall case-fatality rate of 11.7% for humans with
acute CCHFV infection (defined as presence of live
virus, viral antigen, or RNA), a prevalence of 22.5%
(n = 35,198), recent infection (defined as presence of
IgM) seroprevalence of 11.6% (n = 27,173), and an
overall past infection (defined as presence of 1gG) se-
roprevalence of 4.3% (n = 74,900) in humans (11).

CCHEFYV is an enveloped, multisegmented, single-
stranded, negative-sense RNA virus (genus Orthonai-
rovirus, order Bunyavirales, family Nairoviridae). The
viral genome exists as 3 single-stranded, negative-
sense RNA molecules, leading to a complex replica-
tion program. Replication of the trisegmented CCH-
FV genome is error prone, leading to antigenic drift

"Current affiliation: Pfizer Inc., New York, New York, USA. These
materials reflect only the personal views of the author and may not
reflect the views of her employer.

2Members of this group are listed at the end of this article.
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SYNOPSIS

resulting in 7 distinct genotypes (12). CCHFV binds
to an unknown cell receptor; however, the low-den-
sity lipoprotein receptor (LDLR) has recently been
proposed as critical for CCHFV cell entry (13). The vi-
rus can enter a wide range of human cells, triggering
damage both directly as a result of viral infection and
indirectly by modifying vascular permeability and
eliciting a proinflammatory immune response (14).

Disease because of CCHFV infection is limited to
humans, although asymptomatic transient viremia
lasting up to 15 days has been documented in mul-
tiple livestock and wild animals (15). Severe or fatal
human disease correlates with an exuberant proin-
flammatory immune response leading to vascular
dysfunction, disseminated intravascular coagulation,
multiorgan failure, and shock (16). Detection of IgM,
usually present as early as 4-5 days after illness onset,
and IgG, usually present 7-9 days after illness onset,
correlate with declining viremia (17). However, anti-
body response to CCHFV does not correlate with dis-
ease outcomes or protection through vaccination (17).

This first article in a 3-part series summarizing
the main aspects of CCHF is meant to provide clini-
cians with an overview of the virology, pathogenesis,
and pathology of CCHEF. The second article focuses
on epidemiology, clinical features, and prevention
and control of CCHF (18) and the third on diagnostic
testing and management of CCHF (19).

Methods

The focused review for this paper involved MeSH
(National Center for Biotechnology, https://www.
ncbinlm.nih.gov/mesh) and PubMed (https://
pubmed.ncbi.nlm.nih.gov) search strings customized
for CCHF/CCHFV. We focused our review on hu-
man data from the past 10 years when available; we
included older data or data from animal cases where
appropriate. We conducted title, abstract, and full
text reviews of relevant manuscripts, reviews, and
book chapters. We also completed bibliography scans
on reviewed articles and meta-analyses.

Virology

CCHFV virions are pleiomorphic, but mostly spheri-
cal, and measure 80-120 nm in diameter (2). The
natural cycle of CCHFV involves both domestic and
wild animals as hosts, with ticks from Hyalomma
(CCHFV’s main vector), Rhipicephalus, and Dermacen-
tor genera as vectors and reservoirs (12). The natural
cycle includes transovarial (vertical) and transstadial
(horizontal) transmission among ticks and transmis-
sion between ticks and their vertebrate hosts. Hu-
mans are considered dead-end or accidental hosts

848

for the virus because they are not a source of infec-
tion for ticks. CCHFV virions contain a trisegmented,
negative-sense RNA genome comprised of the small
(S) segment, which encodes the nucleocapsid protein
(NP) and nonstructural protein (NS); medium (M)
segment, which encodes membrane glycoproteins Gn
and Gc as well as several NS; and large (L) segment,
which encodes the RNA-dependent RNA polymerase
(RdRp) (7,20,21).

The S segment (NSs) encodes the NP, which is
composed of a globular domain and protruding arm,
and a small NS (12). The NP interacts with viral RNA
to form ribonucleoprotein (RNP) complexes. The NP
also performs endonuclease activity that promotes vi-
ral replication, transcription, and assembly, and inter-
acts with host heat shock proteins during intracellular
replication of the virus (22,23). It has been postulated
that both NP and NS might have a role in cellular
apoptosis as well (22).

The M segment encodes a polyprotein that results
in 2 transmembrane glycoproteins, Gn and Gc, and
NS, such as GP160/85 that is further processed into
GP38, a mucin-like domain (MLD), and M-segment
nonstructural protein (NSm) after cleavage (12,21,22).
Gn and Gc stud the virion lipid envelope as spikes.
Gc is assumed to be responsible for binding to cellu-
lar receptors and has recently been described binding
to the LDLR present in various human cells; of note,
the LDLR density is directly correlated with CCHFV
infectivity (13). Gc has been identified as the target
for neutralizing antibodies generated during the in-
fection course as well (17). Gn contributes to mem-
brane fusion (17). MLD and GP38 may play roles in
glycoprotein processing and incorporation into viri-
ons (23). Both NSs and NSm have been postulated to
have roles in interferon antagonism (17,24).

The L segment encodes a single, large protein
containing RdRp enzyme and cap-snatching mecha-
nisms required for genome replication (23,26). The
RdRP protein also harbors an ovarian tumor protease
(OTU) that may function as an inhibitor of the mul-
tiple host-cell antiviral mechanisms in the interferon-
signaling pathway (12,27,28).

As for most viruses in the Nairoviridae fam-
ily, the replication cycle for CCHFV commences
after the binding of the viral glycoprotein, Gc for
CCHEFYV, to a host cell receptor, potentially LDLR,
leading to receptor-mediated endocytosis (13). Re-
duced pH in the endosome provokes a change in
glycoprotein morphology with consequent fusion
of endosomal membrane and envelope resulting
in release of ribonucleoprotein into cytosol. The
genomic ribonucleoprotein acts as the template for

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024



RdRp-generating virus mRNA, which is translated
into viral proteins and cRNA which serves as the
template for genomic viral RNA (vVRNA) produc-
tion. New ribonucleoprotein is formed by associa-
tion of vVRNA, RdRp, and capsid proteins; glyco-
protein translation and cleavage into Gc and Gn
precursors occur in the endoplasmic reticulum.
Further processing and maturation of glycoproteins
happens in Golgi complex completing assembly of
new virions. Once virion assembly and transport to
plasma membrane is complete, virions are released
through exocytosis (1,12,29,30).

CCHEFV is a genetically diverse virus with 20%
sequence divergence of S segment, 31% of M segment,
and 22% of L segment of virus isolates (12). Based on
S segment sequence data, 7 CCHFV genotypes cor-
relate with the geographic area of parent virus iden-
tification, hence the terminology used by Atkinson to
name the different genotypes: Africa 1-3, Asia 1 and
2, and Europe 1 and 2 (29,31). Those lineages corre-
late with Carroll’s denomination into 6 clades: I (Af-
rica 3), II (Africa 2), IlI (Africa 1), IV (Asia 1 and 2), V
(Europe 1), and VI (Europe 2) (32,33). Research has
shown that CCHFV evolves and acquires genetic di-
versity through various mechanisms. The virus can
accumulate mutations through antigenic drift from a
common ancestor. Further, the multisegmented ge-
nome enables reassortment events when coinfection
with 2 different strains occurs, resulting in a dramatic
antigenic shift. Reassortment is especially concerning
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intrinsic
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CCHFV—Virology, Pathogenesis, and Pathology

because it can increase through expanded travel and
long-range transport of infected ticks or animals. Fi-
nally, there is evidence of recombination between
RNA segments of different strains (12). Although
there is greater genetic diversity within M segment
than L and S segments, resulting in Gn and Gc nu-
cleotide diversity, this difference does not render a
greater antigenic variety (12,33).

It has been proposed that differences between
viral lineages and their adaptation to regional hosts
might affect the severity of human illness (12). The
AP92 strain of CCHFV was recovered from a Rhipi-
cephalus sp. tick in Greece in 1979 (34). Based on indi-
rect epidemiologic data, AP92 is thought to be aviru-
lent or have very low virulence in humans. Similar
strains have recently been isolated in Turkey and
other areas from patients with mild CCHF (34-36). In
contrast, patients in South Africa infected with a reas-
sorted CCHFV strain (M segment mapped to Asian
clades, S and L segments mapped to African clades)
suffered a higher mortality rate when compared with
patients infected with the nonreassorted endemic
CCHEFYV strains (37).

Pathogenesis

Although CCHF pathogenesis and immunobiol-
ogy are not yet fully understood, multiple processes
seem to contribute to viral entry, replication, and im-
mune response (Figure). After transmission from an
infected tick, CCHFV passes through the epithelium

Muscle
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Brain
Adrenal
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@
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Figure. Flowchart showing an abbreviated proposed pathway for Crimean-Congo hemorrhagic fever virus pathogenesis. CCHFV,
Crimean-Congo hemorrhagic fever virus; DC, dendritic cell; DIC, disseminated intravascular coagulation; EC, endothelial cell; IL,
interleukin; LN, lymph nodes; MCP, monocyte chemoattractant protein; MO, macrophage; MOF, multiorgan failure; SAT, saliva-assisted

transmission; TNF, tumor necrosis factor; VE, vascular endothelium.
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into the basolateral compartment of the skin, where it
infects endothelial cells of local capillaries and small
blood vessels, dendritic cells, and macrophages (38).
Viral entry is mediated by the Gc component of the
envelope protein, which binds to a host cell receptor,
likely LDLR, for entry (13,17).

The shorter CCHF incubation period associated
with tick-mediated exposure, as compared with ex-
posure to blood and tissue of infected animals, has
been attributed to tick saliva-assisted transmission
(SAT) mediating viral entry and replication. Tick sali-
va contains a mixture of peptide and nonpeptide mol-
ecules, as well as water, ions, host proteins, and exo-
somes (39,40). Multiple tick saliva components may
contribute to SAT by counteracting host-derived va-
soconstrictors, inhibiting multiple host cell responses
including wound healing, complement pathways,
platelet aggregation, local coagulation pathways, and
promoting local analgesia by means of bradykinin in-
hibition (40-42). The specific tick saliva components
mediating SAT might vary depending on the specific
tick species.

In vitro, CCHFV replicates in human cell lines
from adrenal, bone marrow, brain, cervix, liver,
lung, lymphocytes, kidney, muscle, and vascular
endothelium (35). In vivo, after initial entry and
replication, CCHFV spreads hematogenously, lead-
ing to potential infection in multiple organs: adre-
nals, liver, lungs, spleen, and kidneys (14,44,45).
Infection of glial cells and astrocytes has been doc-
umented in humanized mouse models, but not to
date in human patients (46).

CCHFV infection results in both direct cellular
damage, such as apoptosis, and indirect damage, such
as increased vascular permeability through upregu-
lation of soluble adhesion molecules (i.e., E-selectin,
vascular cell adhesion molecule 1 [VCAM 1], intracel-
lular adhesion molecule 1 [ICAM 1], and vasoactive
molecules) (14,43). Vascular endothelial damage pro-
motes platelet aggregation and degranulation lead-
ing to subsequent activation of the intrinsic coagu-
lation cascade which, in severe cases, culminates in
disseminated intravascular coagulation (14). CCHFV
infection also leads to the release of proinflamma-
tory cytokines which can lead to immune-mediated
damage. Robust proinflammatory response has been
associated with severe cases and fatal outcomes (17).
Specifically, positive associations between disease
severity and poor prognosis have been correlated
with elevated levels of interleukin (IL) 8, IL-9, IL-15,
IP-10, TNF-a (tumor necrosis factor-a), and MCP 1
(monocyte chemoattractant protein 1) (17). In con-
trast, RANTES (regulated upon activation, normal T

850

cell expressed and secreted; also called CCL-5 [che-
mokine ligand 5]) levels appear to have a negative
correlation with severity of CCHF (17). CCHFV is an
interferon-susceptible virus; infected cells delay in-
duction of type-1 interferon, giving the virus time to
replicate and spread systemically (47).

Immune correlates of protection against and
resolution of CCHF remain unknown. IgM and IgG
responses are associated with declining viremia, and
the generation of an antibody response is associated
with better disease outcomes. However, the role of an-
tibodies in controlling infection remains unclear (17).
It is well documented that severe CCHF cases have
minimal humoral immune response (12,48). Con-
versely, survivors develop CCHFV-specific humoral
and cellular immunity, and to date, reported human
reinfection has not been documented (17,27,49,50).
Studies from CCHEFV-infected nonhuman primates
suggest that antibody titers and neutralizing activity
do not correlate well with severity of disease or out-
comes (45).

Pathology

To date, few autopsy or necropsy reports of CCHF
patients have been published. Histopathologic re-
ports on 2 skin biopsies noted diffuse extravasa-
tion of erythrocytes into the epithelial interstitium,
associated with hemorrhages in the skin (Appen-
dix reference 51, https://wwwnc.cdc.gov/EID/
article/30/5/23-1646-Appl.pdf). Anecdotally, a
liver biopsy obtained during a nosocomial outbreak
in South Africa in 1984 showed interhepatocyte in-
filtration of erythrocytes with diffuse extravasation
(Appendix reference 51). Using electron microscopy,
evidence of pericapillary edema and autolysis of he-
patocytes, as well as intracytoplasmatic virions in
epithelial cells of hepatic sinusoids and portal ves-
sels, were observed (Appendix reference 51). Evi-
dence of hepatic lesions ranged from disseminated
necrosis to multiple necrotic foci. Of note, the foci of
viral antigen demonstrated by immunofluorescence
was disproportionate to the severity of necrosis,
suggesting injury mechanisms other than direct vi-
ral cytopathic effect. Thrombus formation in central
and portal veins was found in patients with more
severe liver involvement (Appendix reference 52).
More recent reviews of liver pathology using immu-
nohistochemistry demonstrated infection of Kupffer
cells, hepatic endothelial cells, and hepatocytes,
with mononuclear portal inflammation, and necrosis
characterized by hemorrhage (14). A marked splenic
lymphoid apoptosis and lymphocyte depletion with
dilated sinusoids were also described (14).
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Petechial hemorrhage of serosa, liver and spleen
capsule, and intestinal hyperemia are visible by mac-
roscopic exam (12). Necropsy from an autochthonous
case in Spain, in addition to hepatocyte necrosis,
demonstrated cytoplasmic macrovesiculation and
microvesiculation, complete epithelial denudation of
the colon, occasional microthrombi, and bone mar-
row hemorrhages (Appendix reference 53). A study
from Turkey of 5 confirmed and 14 suspected CCHF
cases demonstrated hemophagocytosis with unclear
clinical significance in the bone marrow of 7 patients
(Appendix reference 54).

Conclusions

CCHEFV is an enveloped, single-stranded RNA, tick-
borne virus. The virus life cycle and molecular inter-
actions are complex and not fully described. Although
pathogenesis and immunobiology are not yet fully
understood and research is needed to fill the gaps, it
is clear multiple processes contribute to viral entry,
replication, and pathological damage, and limited au-
topsy reports describe multiorgan involvement with
extravasation and hemorrhages. Broadening knowl-
edge about CCHFV pathogenesis and immunology
will enable improved patient care and accelerate the
development of medical countermeasures for CCHF.
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Crimean-Congo hemorrhagic fever (CCHF) is a tick-
borne infection that can range from asymptomatic to
fatal and has been described in >30 countries. Early
identification and isolation of patients with suspected
or confirmed CCHF and the use of appropriate preven-
tion and control measures are essential for preventing
human-to-human transmission. Here, we provide an
overview of the epidemiology, clinical features, and pre-
vention and control of CCHF. CCHF poses a continued
public health threat given its wide geographic distribu-
tion, potential to spread to new regions, propensity for
genetic variability, and potential for severe and fatal
illness, in addition to the limited medical countermea-
sures for prophylaxis and treatment. A high index of
suspicion, comprehensive travel and epidemiologic
history, and clinical evaluation are essential for prompt
diagnosis. Infection control measures can be effective
in reducing the risk for transmission but require correct
and consistent application.

Human Crimean-Congo hemorrhagic fever
(CCHF) infection mainly occurs after the bite of
an infected tick or exposure to blood or tissues from
infected animals; human-to-human transmission,
particularly in healthcare settings, has also been re-
ported. Approximately 10,000-15,000 cases of CCHF
occur annually worldwide, although more definitive
numbers are difficult to ascertain; up to 88% of cases
are thought to be subclinical (1-3), unrecognized, or
occur in locations with limited disease surveillance
or laboratory testing capability (4,5). A recent meta-
analysis of CCHF-endemic areas reported an overall
acute infection prevalence of 22.5%, recent infection
seroprevalence of 11.6%, and an overall past infection
seroprevalence of 4.3% in humans (6).

CCHEF causes clinical manifestations in humans
ranging from asymptomatic infection to severe hem-
orrhagic fever. The case-fatality rate (CFR) during
outbreaks is typically 5%-30% (1), but CFRs of up to
62% have been reported (7). Disease caused by CCHF
virus (CCHEFV) is limited to humans, but asymptom-
atic transient viremia (lasting <15 days) has been
documented in livestock and wild animals (8). Severe
or fatal disease causes proinflammatory immune re-
sponse that leads to vascular dysfunction, dissemi-
nated intravascular coagulation, multiorgan failure,
and shock (9). The detection of IgM (present as early
as day 4-5 of illness) and IgG (present after days 7-9
of illness) correlates with declining viremia, but fa-
tal cases often show no or very late immune response
(10). However, antibody response to CCHFV does
not correlate with disease outcome or protection from
vaccines, which, combined with a paucity of available
animal models (11), makes research on vaccines and
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treatments challenging. No vaccines or treatments for
CCHEF have been approved by the US Food and Drug
Administration.

This second article in a 3-part series summarizing
the main aspects of CCHF is intended to provide cli-
nicians with an overview of the epidemiology, clini-
cal features, and prevention and control of CCHF.
The first article focuses on the virology, pathogenesis,
and pathology of CCHF (12) and the third on diag-
nostic testing and management of CCHF (13).

Methods

The focused review for this paper involved MeSH
(National Center for Biotechnology [NCBI], https://
www.ncbi.nlm.nih.gov/mesh)and PubMed (https:/ /
pubmed.ncbi.nlm.nih.gov) search strings customized
for CCHF and CCHFV. We focused our review on the
past 10 years and used human data when available;
we included older relevant data and animal data
where appropriate. We conducted title, abstract, and
full text reviews of relevant manuscripts, reviews,
and book chapters. We also completed bibliography
scans on review articles and meta-analyses.

Epidemiology

CCHEF is the most geographically widespread tick-
borne disease, identified in >30 countries in Africa,
Asia, the Middle East, and Europe located south of
the 50th parallel north (Figure 1). The annual inci-
dence is estimated to be 10,000-15,000 cases world-
wide but has been slowly and steadily rising (3). That
increase in incidence is thought to be caused by the
expanding range of its main vector, Hyalomma ticks,
and by increased testing (6). Most cases occur after
tick bites; the second most common means of expo-
sure is through bodily fluids and tissue from infected
animals; and last, human-to-human transmission can
occur in the healthcare setting.

In recent years, CCHF has been documented in
previously unaffected countries, such as Spain and
Jordan (14-17). Although tickborne transmission is
the main route for human CCHEF, contact with vi-
remic animals, infected humans, or contaminated
surfaces (e.g., nosocomial transmission) can also
lead to human illness. Persons at the highest risk
for CCHF include farmers living in CCHF-endemic
areas, participants in recreational activities (e.g.,
hiking, camping) in endemic areas, slaughterhouse
workers, veterinarians, and healthcare workers,
who are now considered the second most affected
group (3,18). Transmission to household contacts
is uncommon, although horizontal transmission
from mother to child has been reported (19). Sexual
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Figure 1. Geographic distribution of CCHF and Hyalomma spp. ticks. CCHF, Crimean-Congo hemorrhagic fever.

transmission has been proposed; however, pres-
ence of CCHFV in semen or vaginal fluids has yet
to be confirmed (20). Similarly, airborne transmis-
sion has been hypothesized to occur in association
with nosocomial and laboratory-acquired CCHF
clusters, despite a lack of direct evidence (21-23).
Nosocomial infections are symptomatic in 92.4% of
cases, and in 76.5% of those patients, hemorrhag-
ic disease develops; these cases tend to have high
mortality (CFR 32.4%) (23).

Clinical Features

Incubation Period

The typical incubation period for CCHF is 3-7 days
(range 1-13 days); incubation period is shorter (1-5
days) after a tick bite and longer (5-13 days) after
exposure to infected blood or tissues (14). The accel-
erated viral dissemination after a tick bite is thought
to be caused by a tick saliva-enabling effect, known
as saliva-activated transmission, related to bioactive
molecules in tick saliva causing antihemostatic, anti-
inflammatory, and immunomodulatory effects on the
vertebrate host (14,24).
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Clinical Spectrum of Infection

Clinical manifestations of CCHF range from asymp-
tomatic (<88%) (3) infection or mild, nonspecific
febrile illness to severe hemorrhagic disease with
multiorgan failure leading to death (14). CCHF case
definitions vary across endemic regions; the case defi-
nition proposed in Ergonul et al. (I) includes suspect,
probable, and confirmed cases (Figure 2).

Clinical Course

CCHEF is characterized by an incubation period, as de-
scribed, followed by prehemorrhagic, hemorrhagic,
and convalescent phases (Table; Figure 3). Most pa-
tients will recover and transition to the convalescent
period; patients who die typically succumb to the dis-
ease by day 10.

The prehemorrhagic phase frequently lasts 1-5
days and is usually characterized by nonspecific
symptoms. Those symptoms include sudden onset of
fever, which lasts for an average of 4-5 days, and non-
specific signs and symptoms such as diarrhea, dizzi-
ness, headache, myalgia, nausea, vomiting, and weak-
ness. Headache occurs in almost 70% of patients and
tends to be severe. Two thirds of patients describe the
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Suspected Case

Probable Case

CCHFV—Epidemiology, Manifestations, and Prevention

Confirmed Case

Patient with fever,
myalgia, malaise, and
diarrhea

and

and

History of residence in
CCHF-endemic area
and recent tick exposure
OR residence in or travel
to CCHF-endemic area

Suspected case

>1 of leukopenia
thrombocytopenia,
or elevated AST, ALT, or LDH

Probable case

and

Evidence of CCHFV in patient’s
bodily fluids or tissue:
- Positive CCHFV IgM in serum
- Positive PCR for CCHFV in blood
or body fluids

Figure 2. Crimean-Congo hemorrhagic fever case definitions, modified from Ergonul et al. (7). ALT, alanine aminotransferase; AST,
aspartate aminotransferase; CCHF, Crimean-Congo hemorrhagic fever; CCHFV, CCHF virus; LDH, lactate dehydrogenase.

pain as mimicking a migraine crisis, including throb-
bing and being accompanied by nausea, vomiting,
photophobia, and phonophobia (25); half of patients
describe the headache as worsening with activity.
Characteristically, those patients might also develop
upper body (face, neck, and chest) hyperemia, con-
junctivitis, and congested sclera. Because of the lack
of specificity in clinical manifestations, a high index
of suspicion on the basis of a thorough exposure and
travel history is essential for recognition.

The hemorrhagic illness phase typically begins
3-5 days after symptom onset and is usually short,
lasting 1-3 days. This phase begins with a petechial
rash of the skin and mucous membranes and might
progress to more severe hemorrhagic features at multi-
ple sites, including ecchymoses; cerebral hemorrhage;
bleeding from the nasopharynx, gastrointestinal tract
(hematemesis and melena), and genitourinary (he-
maturia) tract; menometrorrhagia; and hemoptysis
(14). Epistaxis is present in <50% of patients in the
hemorrhagic phase, hematemesis in <35% of patients,
hematuria, melena and hematochezia in 10%-20% of
patients, and intraabdominal or intracerebral bleed-
ing in 1%-2% of cases (1). Large ecchymoses are pres-
ent in 30%-45% of patients, and although they are
not pathognomonic, their presence should suggest
CCHEF over other viral hemorrhagic fevers. Hepato-
splenomegaly is common and described in up to one
third of patients (1). Severe disease during this phase
is often characterized by anemia, thrombocytopenia,
evidence of coagulation abnormalities (prolonged
prothrombin time [PT] and activated partial throm-
boplastin time [aPTT]) and disseminated intravas-
cular coagulation. Liver enzymes, including alanine
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aminotransferase (ALT) and aspartate aminotransfer-
ase (AST), are typically elevated. Renal insufficiency
and hypotension are common in severe cases (14,26,27).

During the hemorrhagic phase, patients might ex-
perience neurologic and neuropsychiatric symptoms
such as agitation, confusion, delusions, neck stiffness,
headache, photophobia, and, in rare cases (2.8%),
myoclonic jerks (28). Involvement of the central ner-
vous system has been suspected; however, a recent
prospective study showed no cases with encephalitis
or brain abnormalities on magnetic resonance imag-
ing despite a high percentage of patients experienc-
ing fever (94.4%) and headache (66.7%). None of the
36 patients in the case series showed brain changes
over the course of their disease, although no cerebro-
spinal fluid analysis was performed in the study, so
presence of viral meningitis could not be ruled out
(28,29). Those findings in humans are in contrast with
a study of humanized mice infected with CCHFV in
which autopsies showed gliosis, meningitis, and me-
ningoencephalitis, suggesting direct viral infection of
the central nervous system (11,17,30).

Cardiopulmonary manifestations include myocar-
dial infarction, myocarditis (31), pulmonary edema,
and pleural effusions. Engin et al. (32) evaluated 44
consecutive CCHF patients using transthoracic echo-
cardiography and reported that patients with severe
CCHF had statistically (but not necessarily clinically)
significant lower ejection fraction of the left ventricle
(50% vs. 55%) and higher systolic pulmonary pressures
and were more likely to have pericardial effusion than
were nonsevere CCHF patients. Whether myocardial
dysfunction is a result of immune-related or direct vi-
ral cytotoxic effect on the myocardium is unclear.
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Literature case reports of CCHF-associated acute
pancreatitis and acute nonsuppurative parotitis dur-
ing the hemorrhagic phase of illness can be found,
but no virologic confirmation in tissue was obtained
in those cases (33,34). A case of acute epididymo-or-
chitis during the prehemorrhagic phase has also been
reported (35). Most deaths occur in the second week
of illness and are associated with rapidly developing
refractory shock that leads to multiorgan failure and
severe coagulopathy with evidence of acute and se-
vere hepatopathy (14,36,37).

The convalescent phase of CCHF usually starts
on day 10-20 of illness and can last up to 1 year. Most
patients recover without complications or sequelae.
Among those patients with symptomatic convales-
cence, they frequently experience fatigue and malaise,
hair loss, anorexia, and polyneuritis. Tachycardia and
dyspnea have also been described. Memory and visu-
al and auditory impairment have also been described
(1,21). A study from Turkey reported that 48.4% of
patients studied exhibited symptoms of posttraumat-
ic stress disorder (PTSD) and 18.5% had PTSD after
recovery (38). PTSD and PTSD symptoms were more
common among patients who had required intensive
care unit stays (38).

To date, relapses of CCHF and reinfections with
CCHFV, particularly of patients being reexposed in
endemic areas, have not been described (10,14,39).

Incubation period Prehemorrhagic phase

Viremia

Fever,
myalgia,
headache,
nausea, vomiting

Nonetheless, duration of protective immunity has not
yet been elucidated.

Special Populations

More than 40 cases of CCHF in pregnant women have
been reported and are associated with high maternal
mortality (CFR 34%) compared with nonpregnant
patients (CFR 4%-14% depending on the reporting
country); mortality rates were higher in the second
half of pregnancy, but the difference was not statisti-
cally significant. Fetal and neonatal mortality (58%)
is associated with spontaneous abortion or maternal
death. Exposure to bodily fluids (i.e., blood, amniot-
ic fluid) during cesarean section or vaginal delivery
confers a high risk for transmission; up to 14.8% of
deliveries have resulted in transmission to healthcare
workers (40). It is key to consider HELLP (hemoly-
sis, elevated liver enzymes, low platelets) syndrome
in the differential diagnosis of pregnant patients sus-
pected to have CCHEF (1).

Most pediatric cases of CCHF are the result of a
tick bite, and patients more frequently exhibited rash,
abdominal pain, and myalgia, leading to a different
differential diagnosis than seen in adults. Tonsillo-
pharyngitis is a common finding in pediatric patients
(41). Elevated AST, ALT, and lactate dehydroge-
nase, as well as leukopenia and thrombocytopenia,
are common among pediatric patients admitted for

Hemorrhagic Convalescence period
phase 1-3 days Up to 12 months

IgM 7 days—4 months

L] l.....
]
[

IgG 7 days—5 years

-——-—————-»

Hair loss, memory loss, PTSD,
hearing impairment, fatigue

Figure 3. Classic clinical disease course of Crimean-Congo hemorrhagic fever. ALT, alanine aminotransferase; AST, aspartate
aminotransferase; DIC, disseminated intravascular coagulation; PLT, platelet count; PTSD, posttraumatic stress disorder; WBC, white

blood cell count.
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Table. Clinical phases of Crimean-Congo hemorrhagic fever*

CCHFV—Epidemiology, Manifestations, and Prevention

Clinical phase Duration

Clinical features

Laboratory features

Incubation 3-7 d (3-5 d after tick bite, 5— Not applicable Normal-mildly decreased PLT
7 d after exposure to blood or
tissue)
Prehemorrhagic 1-7d Fever, headache, myalgia, dizziness, Viremia (positive PCR), mild

nausea, vomiting, diarrhea, hyperemia of
upper body, conjunctivitis

leukopenia, mild thrombocytopenia,
elevated CK, mild elevation of AST,
ALT, and LDH

Hemorrhagic Begins at day 3-5 of illness

Petechial rash (skin, conjunctiva,
mucosa), large cutaneous ecchymoses,
gastrointestinal and genitourinary
bleeding, hepatosplenomegaly, if fatal
(days 514 of iliness) secondary to MOF,
bleeding, shock

Decreasing viremia, in most cases
resolved by day 9 of illness, positive
serum IgM against CCHFV,
leukopenia, anemia, profound
thrombocytopenia, marked elevation of
AST, elevation of ALT, elevated PT,

DIC aPTT, D-dimer and FDP, schistocytes

Convalescence Upto1ly

Weakness, malaise, hair loss, anorexia,
polyneuritis, impaired memory, vision
impairment, hepatic and renal
insufficiency

Thrombocytosis, slow decrease in
AST and ALT, slow resolution of renal
and liver function, positive serum IgG

against CCHFV

*ALT, alanine aminotransferase; aPTT, activated partial thromboplastin time; AST, aspartate aminotransferase; CCHFV, Crimean-Congo hemorrhagic
fever virus; CK, creatine phosphokinase; DIC, disseminated intravascular coagulation; FDP, fibrinogen degradation products; LDH, lactate

dehydrogenase; MOF, multiorgan failure; PT, prothrombin time.

CCHF management (1). A case of acute CCHF-related
myocarditis in a 13-year-old was reported; symptoms
resolved completely after the convalescent period
(31). The clinical course for reported pediatric cases
was milder and shorter than for adults (41).

Pediatric cases of hemophagocytic lymphohis-
tiocytosis (HLH) secondary to CCHF have been de-
scribed (42,43). Secondary HLH, although rare, can
be associated with malignancies, severe infections,
medications, and autoimmune disorders and has
been thought to be secondary to a hyperinflamma-
tory syndrome (44). Most patients will have a combi-
nation of fever, hepatosplenomegaly, pancytopenia,
hypertriglyceridemia, hypofibrinogenemia, a va-
riety of neurologic symptoms, and evidence of he-
mophagocytosis in pathology examination of bone
marrow or other tissues (44). Because of the high
rates of illness and death associated with HLH, its
early recognition is key for timely treatment consid-
eration (such as corticosteroids, intravenous immu-
noglobulin, immunomodulators, and therapeutic
plasma exchange) (43,44).

Disease Severity and Mortality Risk Factors
CFR estimates range from 5% to 60% in case series
depending on geographic region. Multiple factors,
such as healthcare resource availability, difference in
circulating strain virulence, risk for co-infections, and
the clinician’s threshold for early CCHF testing, can
affect outcomes (14,37,45).

Several CCHF disease severity assessment mod-
els have been proposed. In 1989, Swanepoel et al. (36)
proposed a model that predicted a >90% fatal out-
come if patients had any of the following: leukocytosis

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 5, May 2024

(leukocytes >10,000/ mm?®), thrombocytopenia (plate-
lets <20,000/ mm?), AST >200 U/L or ALT >150 U/L,
aPTT >60 seconds, or fibrinogen <110 mg/dL. In
2006, Ergonul et al. (46) defined severe CCHF as the
presence of any of thrombocytopenia (<20,000/ mm?),
AST >700 U/L or ALT >900 U/L, aPTT >60 seconds,
or fibrinogen <110 mg/dL, in addition to the presence
of melena, hematemesis, or somnolence. In both mod-
els, criteria were based on signs and symptoms that
appeared within 5 days after symptom onset (36,47).

Bakir et al. (47) developed a scoring system for
CCHEF severity to aid in predicting clinical course
and mortality risk through a severity grading score
(SGS). The variables used in the SGS system are age,
routinely collected and available laboratory mark-
ers (PT, aPTT, international normalized ratio [INR],
AST, ALT, lactate dehydrogenase, and leukocyte and
platelet counts), and other clinical features (hepato-
megaly, organ failure, bleeding), each with associated
point values. Point values predicted mortality risk
(low, SGS <4; medium, SGS 5-8; high, SGS >9): pa-
tients with a high SGS at admission were at high risk
for death (sensitivity 96%, specificity 100%), whereas
a low score showed no association with mortality;
mortality risk was 20% in the medium risk group (47).

In 2022, Bakir et al. (37) published a comparison
of models’ performance in predicting death in CCHF
patients. The authors compared the sequential organ
failure assessment score, the qSOFA (quick sepsis-
related organ failure assessment), APACHE II score,
and SGS. All models except qSOFA were adequate for
predicting death when applied at admission; how-
ever, all models performed well at 72 hours and 120
hours after admission (37).
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CCHF viremia levels have been correlated with
disease severity, and viral loads equal or above 108
copies/mL and 10° copies/mL are significantly asso-
ciated with high mortality from CCHF (48,49). How-
ever, CCHF viral load measurements are not routine-
ly available to the bedside clinician.

Differential Diagnoses

The differential diagnosis for CCHFV infection might
vary geographically and is based on known occupa-
tion and environmental exposures, immunization
status, season, and the geographic location (current
and recent) of the patient. Options include, but are
not limited to, brucellosis, COVID-19, ehrlichiosis,
influenza, leptospirosis, Lyme disease, malaria, Q fe-
ver, rickettsiosis, salmonellosis, tickborne encephali-
tis, viral hepatitis, and other viral hemorrhagic fevers
(1). Obtaining a thorough history, including animal,
environmental, insect, occupational, and travel expo-
sures, is critical for assessing the likelihood of CCHF
as a potential diagnosis.

Infection Prevention and Control

Infection prevention and control measures against
CCHEF aim to minimize exposure. Such measures apply
to community, occupational, and healthcare settings.

Community Settings

The risk of acquiring CCHF in the community is pri-
marily related to exposure to ticks or infected ani-
mals. Thus, prevention efforts focus on prevention
of tick-to-human transmission (e.g., wearing protec-
tive clothing, avoiding locations with high tick bur-
den) and animal-to-human transmission (e.g., use of
gloves and other protective clothing for direct contact
with animals” bodily fluids and their tissues in CCHF-
endemic areas) (3,18).

CCHFV does not typically cause disease in ani-
mals, although tick infestation of domestic, farm, and
wild animals can increase the risk for transmission to
humans. Reducing activities in tick-infested areas and
implementing pest-management strategies in both do-
mestic and farm animals are key for preventing CCHF
transmission in agricultural communities (18). Other
proposed community strategies to mitigate the ef-
fects of CCHF include regulating and monitoring live-
stock migratory activities, media campaigns focusing
on simple CCHF prevention measures and commu-
nity engagement, easy-to-access training modules for
healthcare workers, and increased communication be-
tween veterinarian and medical health experts (3,50).

Temporal trends in incidence could help guide
the timing of community mitigation efforts for
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maximum impact. CCHF follows a seasonal pattern
and is positively associated with monthly average
temperature, monthly cumulative rainfall, and de-
creased relative humidity (Appendix reference 51).
In addition, increases in CCHF cases often occur dur-
ing or around the time of the annual celebration of
Eid al-Adha. Rural livestock brought to urban areas
for slaughter for the festivities might carry CCHFV
(either through infected ticks or because livestock
are viremic at the time of slaughter) (50). Geographic
areas where risk for CCHF is higher can be targeted
for control strategies using a predictive tool to esti-
mate the prospective number of CCHF cases for the
next 2 years (3,50).

Occupational Settings (Nonhealthcare)

Persons whose occupations expose them to animals
or raw animal tissues and fluids, such as butchers,
farmers, slaughterhouse workers, veterinarians, and
veterinary clinic staff, are at increased risk for CCHF
exposure (3; Appendix reference 52). Availability and
use of PPE when handling animals, animal carcasses,
or animal body fluids, as well as the quarantining of
livestock potentially carrying CCHFV or CCHFV-in-
fected ticks before transport and slaughter, can also
minimize human exposure in those occupations (18).

Healthcare Settings
Education on identifying signs and symptoms of
CCHEF early, rapidly isolating suspect cases, and in-
forming the appropriate authorities, as well as on
obtaining information on relevant epidemiologic
history or exposures, is essential to reducing risk for
nosocomial transmission. Human-to-human trans-
mission is most often documented in the nosocomial
setting and is thought to occur through exposure
to blood and bodily fluids of infected patients. Nu-
merous case series have described clusters of CCHF
among healthcare workers in Pakistan, Russia, Tur-
key, Mauritania, Iran, and elsewhere; failures in
infection prevention and control have been impli-
cated (22; Appendix references 53-57). In 1 study,
the seroprevalence of healthcare workers who cared
for CCHF patients was 3.78%, compared with 0%
for healthcare workers with no known exposure to
CCHF (Appendix reference 55). A delay in clinical
suspicion of CCHF and subsequent delay in imple-
menting infection control measures has also been re-
ported as a contributing factor in nosocomial trans-
mission (Appendix reference 58).

Persons who are suspected of having CCHF
should be isolated immediately to minimize the risk
for nosocomial transmission, appropriate PPE should
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