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Abstract. Crimean-Congo Hemorrhagic Fever (CCHF) is endemic in Uganda, yet its epidemiology remains largely
uncharacterized. To better understand its occurrence within Uganda, case reports of patients hospitalized with CCHF
between 2013 and 2019 were reviewed. Further, genome sequences of CCHF-positive RNA obtained during this period
were determined for phylogenetic comparisons. We found that a total of 32 cases (75% males; CFR, 31.2%), aged
between 9 to 68 years, were reported during the study period. Most cases were detected during July to December of
each outbreak year (81.2%; P , 0.01) and were located along the “cattle corridor” (68.7%, P 5 0.03). The most common
presenting symptoms were fever (93.8%), hemorrhage (81.3%), headache (78.1%), fatigue (68.8%), vomiting (68.8%),
and myalgia (65.6%). In ﬁve patients for whom hematological data were available, varied abnormalities were observed
including thrombocytopenia, leukopenia, anemia, lymphopenia, lymphocytosis, polycythemia, and microcytosis.
About 56.3% (P 5 0.47) of patients reported tick bites or exposure to livestock as their potential source of infection. Person-to-person transmission was suspected for two cases. Using unbiased metagenomics, we found that the viral S- and
L- segments have remained conserved in Africa 2 clade since the 1950s. In contrast, the M segment split into two geographically interspersed clades; one that belongs to Africa 2 and another that is ancestral to Africa 1 and 2. Overall, this
data summarizes information on the history and clinical presentation of human CCHF in Uganda. Importantly, it identiﬁes
vulnerable populations as well as temporal and geographic regions in Uganda where surveillance and control interventions could be focused.
INTRODUCTION

bites, but infection can also occur after close contact with
infectious materials.11 The most-at-risk persons for CCHF
infection include individuals working in agricultural ﬁelds,
abattoirs, and herdsmen who may be exposed to ticks as
well as infectious animal products such as milk and meat.
Secondary transmissions are also common among medical
staff, other hospital patients and family members and relatives who become exposed through infectious blood or
body ﬂuids of acutely sick patients.12
Crimean-Congo Hemorrhagic Fever is well-studied in
Europe and Asia,13 however its epidemiology in subSaharan Africa is much less deﬁned,14 with most available
country information having been derived from human and
animal serological studies and detection in Hyalomma spp.
ticks.15–17 Because of its potential for use as an agent of bioterror18 and the lack of approved therapeutics or vaccines,
CCHF is listed by WHO as a priority emerging disease
requiring accelerated efforts in surveillance, research, and
diagnostics development.19
In Uganda, CCHF surveillance was initiated in May 2010,
as part of the efforts to strengthen the national capacity to
control viral hemorrhagic fevers. In 2013, the surveillance
system was enhanced through efforts to improve infectious
and zoonotic disease outbreak detection and response.20,21
As a result, after almost 20 years of no human CCHF case
reports, the ﬁrst cases of CCHF were detected in 2013.21
This new and enhanced surveillance activity is part of the
National Viral Hemorrhagic Fever (VHF) surveillance system
that also tests for ﬁloviruses (e.g., Ebola spp. and Marburg)
and Rift Valley Fever virus (RVF).22,23 To further understand
the current epidemiological situation of CCHF in Uganda, we

Crimean-Congo Hemorrhagic Fever (CCHF) is a tickborne disease, broadly distributed in Eastern Europe, Asia,
Middle East, and Africa where it affects both animals and
humans.1 Among humans, it was ﬁrst clinically described
during the 1940s when Russian troops reoccupying the Crimean Peninsula presented with a hemorrhagic disease.2 In
the 1950s, an identical virus was found to be the cause of illness among patients in the north-eastern parts of the
present-day Democratic Republic of Congo—hence the
adoption of its current name “Crimean-Congo Hemorrhagic
Fever.”3 Although CCHF infection in animals is asymptomatic, it can manifest as a sudden onset of fever, headache,
muscle pain, vomiting, and hemorrhage in about one in ﬁve
of infected humans,4,5 with death occurring in about 15% or
more of hospitalized individuals.6,7 Additionally, with the
international concern that CCHF attracts, a single human
case in Uganda constitutes an outbreak, and is mandatorily
reported to WHO under the International Health Regulations
as amended in 2005.8,9
The etiological agent of CCHF is an enveloped, negativesense RNA Orthonairovirus of the Nairoviridae family designated Crimean-Congo Hemorrhagic Fever Virus (CCHFV).10
Although CCHFV strains have been detected in many species of hard ticks, the main reservoir and vector are Hyalomma spp. ticks.3 Humans become infected through tick
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have reviewed the CCHF surveillance and outbreak investigation data collected between 2013 and 2019, and summarize the clinical, laboratory, and epidemiological aspects
observed in hospitalized patients during this period. We also
provide whole genome sequence information characterizing
strains of CCHFV resulting in human disease in Uganda.
Analysis of the surveillance, laboratory, and genetic data will
be useful for creating early warning systems for CCHF and
other VHF diseases in Uganda; this information can also be
used in developing health education messages and preventive intervention strategies.
MATERIALS AND METHODS
Ethical statement. As all the reviewed data were collected as part of routine healthcare and mandated surveillance, or as part of conﬁrmed outbreak investigations, the
Ugandan Ministry of Health guidelines did not require ethical
review, or personal consent, as these activities are considered events of public health concern that require immediate
response and containment.24
Surveillance process and data collection. The operational structure of the Ugandan VHF surveillance and
laboratory program has been previously described.21 Brieﬂy,
samples from suspected VHF cases presenting in health
facilities across the country, are collected by trained healthcare workers and appropriately transported mainly through a
courier network,25 to Uganda Virus Research Institute
(UVRI), Entebbe, Uganda, where a high-containment, BSL-3
diagnostics laboratory has been established since 2010.
This laboratory uses both serological and molecular techniques for CCHF and other VHF diagnostics.21,26 The working
surveillance case deﬁnition for suspected VHF cases is any
individual presenting with acute onset of fever ($ 38.0 C),
with no alternative diagnosis (e.g., malaria, typhoid), and presenting with any four of the following signs and symptoms:
intense fatigue, chills, abdominal pains, headache, arthralgia, myalgia, anorexia, vomiting, diarrhea, skin rash, jaundice, and unexplained bleeding from any site.
When samples are collected from suspected patients
(preferred samples are whole blood, plasma, or serum), a
standardized case report form (CRF) is also completed
and transported to the laboratory along with the samples.
All suspected VHF samples are tested by reverse transcription polymerase chain reaction (RT-PCR) for Ebola
viruses, Marburg virus, CCHF virus, and RVF virus to conﬁrm acute infection, using protocols as previously
reported.26 Samples may also be examined using virusspeciﬁc IgM ELISA assays developed by the US CDC. If
acute VHF infection is conﬁrmed, ﬁeld investigation and
clinical case management teams are deployed to the outbreak area and are mandated to collect additional epidemiological and clinical information about the index, and
other case patients, and document potential exposure(s)
that led to infection.24
CCHFV qRT-PCR, RNA sequencing, and bioinformatics. All laboratory procedures performed at UVRI for the
conﬁrmation of CCHFV infection in suspected patients have
been previously described.26 Brieﬂy, all samples in this study
were tested for CCHFV using RT-PCR and in some cases
supported by using an ELISA detecting ant-CCHF IgM antibodies. This combination of diagnostic approaches is widely
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used in CCHF-related studies.27 Specimens that were
RT-PCR positive for CCHFV with Ct values , 32, were prepared for sequencing at UVRI or the United States Centers
for Disease Control and Prevention (CDC, Atlanta, GA) using
unbiased or CCHFV-enrichment techniques.28,29 Whole
blood specimens were inactivated with Tripure (Roche,
Basel, Switzerland) or 5X MagmaxTM 96 Viral Isolation kit
(Applied Biosystems Inc., Vilnius, Lithuania).30,31 Ribonucleic
acid was extracted by phase-separation using 1-bromo-3chloropropane (Sigma-Aldrich, St. Louis, MO) and applied to
Clean and Concentrate-25 columns (Zymo Research, Irvine,
CA) for further puriﬁcation and concentration. Extracted RNA
was treated with RNase-free DNase (Roche, Basel, Switzerland) and prepared for unbiased next generation sequencing
(NGS) using a TruSeq RNA Access Library preparation kit
(Illumina, San Diego, CA) with CCHFV-speciﬁc enrichment
oligos. Next generation sequencing libraries were also prepared using NEBNext Ultra II Directional RNA library preparation kit (New England Biolabs, Beverly, MA). Libraries were
sequenced using either an Illumina iSeq100 (V1 2 3 150
cycles), MiSeq or MiniSeq (High Output 2 3 150 cycles).32
An initial complete Uganda CCHFV genome was generated
using viral-ngs (Broad Institute, Boston, MA; https://viralngs.readthedocs.io/en/latest/) with a custom CCHFV-lastal
database. Reads from subsequent specimens were mapped
to the complete Uganda CCHFV genome using in-house
scripts-consisting of quality trimming (printseq-lite -min_
qual_mean 25 -trim_qual_right 20 -min_len 50), read
mapping (BWA-mem),33 and PCR-de-duplication (picard
MarkDuplicates; http://picard.sourceforge.net). Consensus
genomes were called using Geneious software (threshold 5 0%, Assign Quality 5 total, minimum coverage . 2;
v10).34 Crimean-Congo Hemorrhagic Fever virus genomes
were also de novo assembled using SPAdes (-k auto, v3.14.
0).35 To improve genome coverage, partial genomes and
contigs were blasted to identify more closely related reference sequences. All genomes were iteratively assembled
three times to incorporate any minor variants relative to the
initial reference (or de novo contig) sequence. Evolutionary
history was inferred using all available full-length CCHFV
genomes from GenBank using raxml (-m GTRGAMMA -p
$RANDOM -f a -x $RANDOM -N 1000) with bootstrap
support provided by 1,000 iterations.36 Evidence of recombination was assessed with Recombination Detection Program
(v5.05)37 using RDP, GENECONV, BootScan, MaxChi,
Chimaera, SiScan, and 3Seq with alignments of Uganda
CCHF genomes. Crimean-Congo Hemorrhagic Fever Virus
genomes were deposited to GenBank and given accession
numbers as follows: MW464961, MW464985, MW464976,
MW464952, MW464958, MW464967, MW464979, MW
464949, MW464964, MW464946, MW464969, MW464955,
MW464982, MW464972 (Figure 1A); MW464959, MW
464953, MW464977, MW464980, MW464950, MW464962,
MW464965, MW464947, MW464970, MW464956, MW
464983, MW464973 (Figure 1B) and MW464945, MW464944,
MW464948, MW464971, MW464966, MW464974, MW
464984, MW464957, MW464975, MW464963, MW464986,
MW464951, MW464943, MW464968, MW464981, MW
464978, MW464960, MW464954 (Figure 1C).
Statistical analysis. Case variables that were considered
for this study included demographic (age, sex, and occupation), clinical (date of disease onset, presenting signs and
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FIGURE 1. Inferred phylogenetic history of all nearly full-length Crimean-Congo Hemorrhagic Fever (CCHF) Orthonairovirus species using maximum
likelihood estimation. Bootstrap support (N 5 1,000 iterations) greater than 70% is labeled red and trees are midpoint rooted. Major geographic
clades are labeled, and new genomes are indicated by ** at the end of sequence names. (A) The CCHF L segments from Uganda are monophyletic.
L segment tree consists of N 5 198 total and 14 new genomes. Sequence names are colored according to M segment clades. (B) The CCHF M segments from Uganda form two distinct monophyletic clades (highlighted green and blue). M segment tree consists of N 5 218 total and 12 new
genomes. (C) The S segments form two monophyletic clades consisting of older (2013) and more recent sequences (2013–2019). Tree contains N 5
259 total and 18 new genomes. Sequence names are colored according to M segment clades. This ﬁgure appears in color at www.ajtmh.org.
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FIGURE 1. Continued.
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FIGURE 1. Continued.

symptoms, hematologic proﬁles), geographical location (district, agroecological zone), exposure and illness outcome
data. Data was abstracted from CRFs and summarized into
MS Excel (Microsoft Corporation, Redmond, WA). Thereafter, categorical variables were descriptively analyzed in

form of frequency and percent distributions, while
means and/or medians were computed for continuous data.
Statistical comparisons were performed using MedCalc software,38 with a P-value , 0.05 being considered statistically signiﬁcant.
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RESULTS
Summary of outbreaks and patient demographics.
From May 2013 to December 2019, the UVRI VHF laboratory
received samples from a total of 1,261suspected VHF cases,
out of which, 28 independent CCHF outbreaks were
detected involving 32 conﬁrmed cases (Figure 2). Of these
cases, 31.2% (N 5 10; six males and four females) died during their CCHF illness. The ﬁrst two outbreaks were conﬁrmed concurrently in Agago (three cases) and Wakiso (two
cases) districts during August 2013. These districts are separated by a distance of greater than 400 km, and no known
epidemiological linkage between the cases in these two outbreaks could be established. A third independent outbreak
of CCHF was detected on December 17, 2013; CCHFV was
detected in a sample obtained from a 50-year-old woman
admitted to Case Medical Center, a private health clinic
within Kampala city. The next outbreak, detected on November 9, 2015, involved a 33-year-old male para-veterinarian
from Nakaseke district.26 No additional CCHF cases were
detected for another 2 years until August 2017, when there
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were two additional independent outbreaks occurring concurrently in the neighboring districts of Kyankwanzi and
Nakaseke.39 The two cases had no epidemiological linkage.
A few months later, on December 26, 2017, a 9-year-old boy
from Luweero district was admitted to Kiwoko hospital and
conﬁrmed as the 10th CCHF case. During the subsequent
two years, 2018 to 2019, 18 additional outbreaks involving
22 conﬁrmed CCHF cases were detected,40 with the last
CCHF case in 2019 being a 25-year-old female from Kabarole district, who was identiﬁed retrospectively at Fort-Portal
Regional Referral Hospital on December 5, 2019.
As shown in Figure 2, CCHF conﬁrmed cases in Uganda
were detected from various districts, 68.7% (N 5 22) of
which are located within the “Cattle Corridor” zone
(P 5 0.03). In fact, except for one case who lived in Kampala
City, the majority of cases occurred in rural locations, in persons practicing subsistent crop farming and/or livestock
keeping (50.0%), students (18.8%), and individuals engaged
in local business ventures (12.5%) (Table 1). About 56.3%
(N 5 18; P 5 0.47) of cases reported that they were exposed

FIGURE 2. Location of Crimean-Congo Hemorrhagic Fever (CCHF) cases, Uganda, 2013–2019; #Cattle Corridor map was adapted from
Sempiira et al.,41 with slight modiﬁcation. This ﬁgure appears in color at www.ajtmh.org.
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TABLE 1
Demographical and clinical characteristics of hospitalized CCHF
patients, Uganda, 2013–2019
Characteristic

Gender

Male
Female
Farmer or herdsperson
Child or student
Occupation
Business
Housewife
Refugee
Teacher
Unknown
Age in years
Range; Mean
Age in distribution in years
0–10
11–20
21–30
31–40
41–50
. 51
Clinical outcome
Alive
Died
Main clinical signs
Fever
and symptoms
Hemorrhage
Headache
Fatigue
Vomiting
Myalgia
Anorexia
Stomachache
Diarrhea
Coughing
Conjunctivitis
Delirium
Sore throat
Dyspnea
Skin rash
Dysphagia
Potential exposure
Yes
to livestock and ticks
No
Unknown
Residence located within
Yes
“Cattle Corridor” zone
No

Frequency

24
8
16
6
4
2
2
1
1
6–68;
4
6
10
7
4
1
22
10
30
26
25
22
22
21
17
17
16
9
6
5
4
4
3
1
18
12
2
22
10

%

75.0
25.0
50.0
18.8
12.5
6.3
6.3
3.1
3.1
28
12.5
18.8
31.3
21.9
12.5
3.1
68.8
31.2
93.8
81.3
78.1
68.8
68.8
65.6
53.1
53.1
50.0
28.1
18.8
15.6
12.5
12.5
9.4
3.1
56.3
37.5
6.3
68.7
31.3

to ticks or livestock animals in their routine livelihoods. Only
two cases (both female), from Wakiso and Isingiro districts,
appeared to have been probable secondary transmissions
given that their onset of disease was within a few days after
they extensively interacted with an index family member.
All laboratory-conﬁrmed CCHF cases were aged between
9 and 68 years (Mean: 28; Median: 30), with 65.5% (N 5 21)

aged between 21 and 50 years. Seventy-ﬁve percent of the
cases were male (N 5 24; P , 0.01). Crimean-Congo Hemorrhagic Fever cases in Uganda have been recorded in almost
every month in a calendar year, with a rise in cases starting
around July, peaking during August, and lowering toward
the end of the year (Figure 3). Over the study period, 81.2%
of outbreaks occurred from July to December (P , 0.01).
Clinical and hematological characteristics of cases.
Fever was the most common presenting clinical symptom
(93.8%), followed by bleeding or hemorrhage (81.3%), headache (78.1%), fatigue (68.8%), vomiting (68.8%), and myalgia (65.6%). Skin rash (9.4%) and difﬁculty in swallowing
(3.1%) were the least reported clinical symptoms among
CCHF cases in Uganda during the study period.
Field hematological investigations in CCHF cases are not
recommended due to the associated health risks to laboratory workers.42 However, due to the atypical nature of the
disease especially during the early phase(s) of illness, clinicians may inadvertently include these investigations.43 In our
study, we found hematological data for ﬁve cases, which had
been obtained at the time of their hospital admission before a
VHF diagnosis was made. As shown in Table 2, case hematological proﬁles had varied abnormalities including leukopenia (N 5 3), anemia (2), lymphopenia (N 5 2), polycythemia
(N 5 1), lymphocytosis (N 5 1), and microcytosis (N 5 1). All
cases presented with thrombocytopenia (100%).
Phylogenetic analysis. In the current study, we
attempted viral genetic sequencing on samples collected
from a total of 20 cases, particularly those cases which were
conﬁrmed from 2017 to 2019. This represents 80% of all
CCHF cases detected during that period of this study. As
shown in Figure 1, the obtained sequences represent the
L segment (N 5 14), M segment (N 5 12), and S segment
(N 5 18). One extra sequence, Accession number: MH178082
in Figure 1C, was a partial sequence obtained in 2015 using
Sanger sequencing approach,26 but was repeated for whole
genome sequencing under the present study and is shown
with Accession Number: MW464948 in Figure 1C.
We observed that since 2013, CCHF in Uganda is closely
related to the Africa 2 clade—either as a member of the
clade (L, S, and M segments), or as an ancestral clade
(M segment) (Figure 1). All L segments clustered together
into the Africa 2 clade—a clade that also contains sequences collected from Uganda in 1956–1958. The S segments
also contained members of the Africa 2 clade and in

FIGURE 3. Cumulative incidence of Crimean-Congo Hemorrhagic Fever (CCHF) cases detected during each month in a calendar year, Uganda,
2013–2019. This ﬁgure appears in color at www.ajtmh.org.
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TABLE 2
Parameters associated with hematological abnormalities among
hospitalized CCHF patients, Uganda, 2013–2019
Parameter

White blood cells [103 cells/mL]
Lymphocyte cells [103 cells/mL]
Monocyte cells [103 cells/mL]
Monocyte [%]
Granulocyte cells [103 cells/mL]
Granulocyte [%]
Red blood cells [106 cells/mL]
Hematocrit [%]
Hemoglobin [g/dL]
Platelets [103 cells/mL]†

Median
[mean]

6.1
1.3
0.5
9.2
2.9
44.8
4.6
34.2
12.1
25.0

[6.1]
[1.9]
[0.7]
[13.7]
[2.5]
[42.6]
[4.6]
[33.3]
[12.4]
[32.4]

Observed
range

Normal
range*

1.2–11
2.8–8.2
0.7–4.4
1.2–3.7
0.11–1.6
0.2–0.7
6.4–25.6 4.7–12.7
0.42–4.1
2.5–7.5
35.0–47.9
50–75
2.6–6.4
3.5–6.1
19.5–45.4 31.2–49.5
6.5–17.0 10.8–17.1
21–50
109–384

*Reference ranges previously determined for Ugandan adult blood donors. 44
†All cases were below the normal range.

agreement with the L segment shared a most recent common ancestor with specimens collected in Uganda and
South Africa during the 1950s and 1980s, respectively.
Despite an apparent split in the S segment clade, this bifurcation was not strongly supported as the bootstrap value
was less than 70%.45 In contrast, circulating CCHF strains
were divided into two separate clades based on M segment
analysis; one clade belonging to the Africa 2 lineage and
another that is ancestral to the Africa 1 and 2 lineages. The
separation of the M-speciﬁc clades was not correspondingly
maintained for the L and S segments. Recombination analysis identiﬁed a potential recombinant, between the two Ugandan M clades (Supplemental Table 1)
DISCUSSION AND CONCLUSION
Outbreaks of CCHF are often high proﬁle and generate
considerable international attention due to their potential to
become public health events of international concern. In
fact, CCHF outbreaks must be reported to WHO under the
International Health Regulations (2005). In Uganda, cases of
CCHF were detected in 5 of the 7 years from 2013 to 2019
(except for 2014 and 2016), with an increasing trend in
annual cases observed after 2017. The increase in human
CCHF cases over the last few decades is noted in many
countries.1,46,47 So far, several studies have attributed the
increase or emergence of CCHF cases in localities to climatic changes and other anthropogenic changes that alter
the biology and environmental dynamics of the tick vector.48,49 In other countries, however, a higher number of
observed CCHF cases has been attributed to improved surveillance and prompt diagnosis of suspected cases.50
Whereas it could be true for Uganda that CCHF is actually
reemerging in the country, we also note that, in the recent
past, there has been an increase in public awareness,
improved surveillance, and training of healthcare workers
about VHFs in the country.21,51,52 Speciﬁcally, Uganda’s disease surveillance activities during 2018 and 2019 were
heightened through active surveillance and expedited sample transport due to an ongoing Ebola outbreak in the neighboring Democratic Republic of the Congo (DRC).53
As observed in similar studies,6,54 conﬁrmed cases of
CCHF in Uganda during the study period were disproportionately male (24 males versus eight females; P , 0.01). In
previous studies,55,56 the risk for CCHFV infection increased
among people working in butcheries and those who come in
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close contact with animals. As observed in many African
pastoral traditions, the predisposition of men to CCHFV
infection in Uganda is likely due to the patriarchal nature of
animal husbandry practices in the country. This is further
supported by the fact that a higher percentage (84.4%) of
cases in our study were aged 21–50 years, which is traditionally the age group that performs most outdoor-related pastoral or animal husbandry activities. Meanwhile, the case
fatality rate (CFR) in this study was 31.2%, which fell within
the reported CFR range of 5–50% among hospitalized cases
in similar studies.6,54,57
As observed in this study, and elsewhere,6,43,54,57,58 clinical
presentations between CCHF patients varied broadly from
nonspeciﬁc manifestations, to severe multi-organ failure and
fulminant hemorrhage. In our study, fever, hemorrhage,
fatigue, muscle pains, vomiting, and anorexia were frequently
observed in the patients. In addition, although the data is limited, thrombocytopenia was present in all cases. This manifestation is a common hemopathological abnormality in
CCHF patients and has been reported elsewhere.57,59,60
Crimean-Congo Hemorrhagic Fever cases reported in this
study showed both spatial and temporal relationships. A higher
number of cases were not only located within the cattle corridor zone but were also detected during the months ending a
calendar year (July to December). According to Wikel,61 the
epidemiology and ecology of tick-borne agents in a locality is
inﬂuenced by several factors such as weather and climatic
conditions, anthropogenic changes, wildlife animal reservoirs,
and some intrinsic changes within ticks and tick-borne agents.
Indeed, most of these factors are not a rarity in the Ugandan
cattle corridor—a large savannah grassland area that stretches
diagonally from the North-Eastern to the South-Western parts
of the country. This area is characterized by large swathes of
low vegetation, long periods of uneven rainfall, and fragmented
settlements. It is typically dry during the months of July and
August of every year.62 Similar environmental correlates for a
high number of CCHF cases have been found in Bulgaria,49
Iran,63 and Senegal.64
Phylogenetically, CCHFV circulating in Uganda since 2013
are closely related to the Africa 2 clade—either as a member
of the clade (L, S, and M segments), or as an ancestral clade
(M segment). Interestingly, the two M segment clades are
geographically interspersed and, in some cases, circulate
within the same districts (Kiryandongo, Nakaseke) or in
neighboring districts (Kiruhura and Isingiro), demonstrating
that a lack of geographic separation currently deﬁnes clade
identity. Further supporting the idea that these two M clades
are geographically intermingled, we observed a potential
recombinant M segment between these two clades; however, there was low genome coverage over the proposed
recombinant region. It is likely that the M segment clades
may have originally been geographically separated, but
external introductions, animal movement along the cattle
corridor, or animal movement around the country, may have
led to recent intermingling of these clades. Alternatively,
these diverse M segments may reﬂect a carriage by different
tick hosts as CCHFV has previously been detected from different tick species within Uganda.3,26,65
The Africa 2 clade contains sequences from specimens
collected in Uganda and DRC from the 1950s and a single
South African sequence collected in 1985.65 Thus, combined with data from this study, CCHFV has likely circulated
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undetected in Uganda in the human, animal, or arthropod
populations from the 1950s, or earlier, and recent human
cases have only been detected due to the enhanced activity
of the National VHF surveillance system. This argument
appears to be supported by data from our recent study
in which CCHFV was determined to be widespread in
Uganda, including in areas with no history of human cases.17
Furthermore, despite limited CCHFV sequences from neighboring countries, the close relationships of the Ugandan
CCHFV sequences demonstrate that novel CCHFV variants,
as far as we know, are unlikely being introduced into the
country. This is in contrast to CCHFV sequences from Iran
and Pakistan, where animal trade and movement is hypothesized to have led to the introduction of novel CCHFV
variants.66,67
Overall, these data are suggestive of the most-at-risk persons, time periods of the year, speciﬁc geographic regions,
and characteristics of the circulating virus which should be
used for enhanced CCHF surveillance and control interventions in Uganda. We observe that most CCHF cases in
Uganda have had direct contact or exposure to livestock
animals and are mainly from the central region of Uganda.
Given the sporadic and discreet nature of the outbreaks
detected in Uganda during the study period, most of which
were single case outbreaks, we hypothesize that tick-tohuman transmission may be a common route of infection. In
a previous study, we found that a high diversity of ticks was
parasitizing domestic animals in Uganda.68 Therefore, application of routine and effective control measures that reduce
the overall tick abundance in the environment is likely to
have a signiﬁcant reduction on the overall risk of CCHFV
transmission to humans. Despite the limitation that the
hematological data analyzed under this study refers to a
small proportion of the studied cases, the presence of
thrombocytopenia as a common clinical manifestation
among cases could be a useful indication for increased suspicion of CCHFV infection in non-overt cases. Hematological
testing is a routine procedure in clinical management and
such prompt point-of-care indications could help in implementing quick interventions such as barrier nursing and
patient isolation before outbreaks are conﬁrmed or spread
farther. Several recent studies support this proposal.69–71
Finally, the lack of extensive genetic variability between the
Ugandan CCHFV strains is advantageous for application of
a common vaccine as recently suggested.72
This study was, however, limited to hospitalized patients,
perhaps representing the most severe cases. To fully understand the epidemiology of CCHFV in Uganda, more studies
that include subclinical human infections, identiﬁcation of
other host animals, and tick vectors are needed.
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7. Cevik MA, Erbay A, Bodur H, Gu
Akinci E, 2008. Clinical and laboratory features of CrimeanCongo hemorrhagic fever: predictors of fatality. Int J Infect
Dis 12: 374–379.
8. Formenty P, Roth C, Gonzalez-Martin F, Grein T, Ryan M, Drury
P, Kindhauser MK, Rodier G, 2006. Emergent pathogens,
international surveillance and international health regulations
(2005). Med Mal Infect 36: 9–15.
9. Uganda Ministry of Health, 2012. Case Deﬁnitions and Epidemic
Thresholds for Integrated Disease Surveillance and Response
(IDSR). Kampala, Uganda: MOH. http://library.health.go.ug/
download/ﬁle/ﬁd/2796. Accessed on July 28, 2021
10. Abudurexiti A et al., 2019. Taxonomy of the order Bunyavirales:
update 2019. Arch Virol 164: 1949–1965.

CRIMEAN-CONGO HEMORRHAGIC FEVER, UGANDA, 2013–2019

11. Whitehouse CA, 2004. Crimean-Congo hemorrhagic fever. Antiviral Res 64: 145–160.
12. Aslam S, Latif MS, Daud M, Rahman ZU, Tabassum B, Riaz
MS, Khan A, Tariq M, Husnain T, 2016. Crimean-Congo hemorrhagic fever: risk factors and control measures for the infection abatement. Biomed Rep 4: 15–20.
13. Spengler JR, Bente DA, Bray M, Burt F, Hewson R, Korukluoglu
G, Mirazimi A, Weber F, Papa A, 2018. Second international
conference on Crimean-Congo hemorrhagic fever. Antiviral
Res 150: 137–147.
14. Messina JP et al., 2015. The global distribution of Crimean-Congo
hemorrhagic fever. Trans R Soc Trop Med Hyg 109: 503–513.
15. World Health Organization, 2017. Geographic Distribution of
Crimean-Congo Haemorrhagic Fever. Available at: http://
www.who.int/csr/disease/crimean_congoHF/Global_
CCHFRisk_2017.jpg?ua=1. Accessed March 27, 2018.
16. Akuffo R et al., 2016. Crimean-Congo hemorrhagic fever virus in
livestock ticks and animal handler seroprevalence at an abattoir in Ghana. BMC Infect Dis 16: 324.
€ mssen C, Tumusiime A, Kyondo J, Kwon H,
17. Balinandi S, von Bro
Monteil VM, Mirazimi A, Lutwama J, Mugisha L, Malmberg M,
2021. Serological and molecular study of Crimean-Congo
hemorrhagic fever virus in cattle from selected districts in
Uganda. J Virol Methods 290: 114075.
18. Sidwell RW, Smee DF, 2003. Viruses of the Bunya- and Togaviridae families: potential as bioterrorism agents and means of
control. Antiviral Res 57: 101–111.
19. WHO, 2018. 2018 Annual Review of Diseases Prioritized under
the Research and Development Blueprint. Geneva, Switzerland: World Health Organization. Available at: http://www.
who.int/emergencies/diseases/2018prioritization-report.
pdf?ua=1. Accessed March 27, 2018.
20. Borchert JN, et al., 2014. Rapidly building global health security
capacity–Uganda demonstration project, 2013. MMWR Morb
Mortal Wkly Rep 63: 73–76.
21. Shoemaker TR et al., 2018. Impact of enhanced viral haemorrhagic fever surveillance on outbreak detection and response
in Uganda. Lancet Infect Dis 18: 373–375.
22. Albarino CG et al., 2013. Genomic analysis of ﬁloviruses associated with four viral hemorrhagic fever outbreaks in Uganda
and the Democratic Republic of the Congo in 2012. Virology
442: 97–100.
23. de St Maurice A et al., 2016. Notes from the ﬁeld: Rift Valley
fever response-Kabale district, Uganda, March 2016. MMWR
Morb Mortal Wkly Rep 65: 1200–1201.
24. Uganda Ministry of Health, 2012. National Technical Guidelines
for Integrated Disease Surveillance and Response. Kampala,
Uganda: MOH. Available at: http://library.health.go.ug/publica
tions/guidelines/national-technical-guidelines-integrated-dis
ease-surveillance-and-response. Accessed on April 3, 2018.
25. Kiyaga C et al., 2013. Uganda’s new national laboratory sample
transport system: a successful model for improving access to
diagnostic services for early infant HIV diagnosis and other
programs. Plos One 8: e78609.
26. Balinandi S et al., 2018. Investigation of an isolated case of
human Crimean-Congo hemorrhagic fever in central Uganda,
2015. Int J Infect Dis 68: 88–93.
€ ksal I, Estrada-Pena A, Feldmann H,
27. Papa A, Mirazimi A, Ko
2015. Recent advances in research on Crimean-Congo hemorrhagic fever. J Clin Virol 64: 137–143.
28. Kugelman JR et al., 2015. Monitoring of Ebola virus Makona
evolution through establishment of advanced genomic capability in Liberia. Emerg Infect Dis 21: 1135–1143.
29. Matranga CB et al., 2014. Enhanced methods for unbiased
deep sequencing of Lassa and Ebola RNA viruses from clinical and biological samples. Genome Biol 15: 519–519.
30. Ngo K, Jones S, Church T, Fuschino M, George K, Lamson D,
Maffei J, Kramer L, Ciota A, 2017. Unreliable inactivation of
viruses by commonly used lysis buffers. Appl Biosaf 22:
153567601770338.
31. Blow JA, Dohm DJ, Negley DL, Mores CN, 2004. Virus inactivation by nucleic acid extraction reagents. J Virol Methods 119:
195–198.

97

32. Ravi RK, Walton K, Khosroheidari M, 2018. MiSeq: a next generation sequencing platform for genomic analysis. Methods Mol
Biol 1706: 223–232.
33. Li H, 2013. Aligning sequence reads, clone sequences and
assembly contigs with BWA-MEM. arXiv preprint
arXiv:1303.3997.
34. Kearse M et al., 2012. Geneious basic: an integrated and
extendable desktop software platform for the organization
and analysis of sequence data. Bioinformatics 28: 1647–
1649.
35. Bankevich A et al., 2012. SPAdes: a new genome assembly
algorithm and its applications to single-cell sequencing.
J Comput Biol 19: 455–477.
36. Stamatakis A, 2014. RAxML version 8: a tool for phylogenetic
analysis and post-analysis of large phylogenies. Bioinformatics 30: 1312–1313.
37. Martin DP, Varsani A, Roumagnac P, Botha G, Maslamoney S,
Schwab T, Kelz Z, Kumar V, Murrell B, 2021. RDP5: a computer program for analyzing recombination in, and removing
signals of recombination from, nucleotide sequence datasets.
Virus Evol 7: veaa087.
38. Schoonjans F, Zalata A, Depuydt CE, Comhaire FH, 1995. MedCalc: a new computer program for medical statistics. Comput
Methods Programs Biomed 48: 257–262.
39. Kizito S et al., 2018. Notes from the ﬁeld: Crimean-Congo Hemorrhagic fever outbreak-central Uganda, August–September
2017. MMWR Morb Mortal Wkly Rep 67: 646–647.
40. Mirembe BB et al., 2021. Sporadic outbreaks of Crimean-Congo
haemorrhagic fever in Uganda, July 2018–January 2019.
PLoS Negl Trop Dis 15: e0009213.
41. Sempiira JE, Katimbo A, Mugisa DJ, WS K, 2017. Ghee-making
in the cattle corridor of Uganda. Afr J Food Agric Nutr Dev
17: 11771–11786.
42. WHO, 2016. Clinical Management of Patients with Viral Haemorrhagic Fever: A Pocket Guide For Front-Line Health Workers:
Interim Emergency Guidance for Country Adaptation. Geneva,
Switzerland: World Health Organization.
43. Tarantola A, Nabeth P, Tattevin P, Michelet C, Zeller H, 2006.
Lookback
exercise
with
imported
Crimean-Congo
hemorrhagic fever, Senegal and France. Emerg Infect Dis 12:
1424–1426.
44. Eller LA et al., 2008. Reference intervals in healthy adult Ugandan blood donors and their impact on conducting international vaccine trials. PLOS ONE 3: e3919–e3919.
€ per D, Antwerpen
45. Franke A, Pfaff F, Jenckel M, Hoffmann B, Ho
M, Meyer H, Beer M, Hoffmann D, 2017. Classiﬁcation of
cowpox viruses into several distinct clades and identiﬁcation
of a novel lineage. Viruses 9: 142.
46. Maltezou H, Andonova L, Andraghetti R, Bouloy M, Ergonul O,
Jongejan F, Kalvatchev N, Nichol S, Niedrig M, Platonov A,
2010. Crimean-Congo Hemorrhagic Fever in Europe: Current
Situation Calls for Preparedness. Euro Surveill 2010 Mar 11;
15:19504. PMID: 20403306
47. Grard G, Drexler JF, Fair J, Muyembe JJ, Wolfe ND, Drosten C,
Leroy EM, 2011. Re-emergence of Crimean-Congo hemorrhagic fever virus in Central Africa. PLoS Negl Trop Dis 5:
e1350–e1350.
~a A, Vatansever Z, Gargili A, Ergo
€ nul O, 2010. The
48. Estrada-Pen
trend towards habitat fragmentation is the key factor driving
the spread of Crimean-Congo haemorrhagic fever. Epidemiol
Infect 138: 1194–1203.
49. Vescio FM, Busani L, Mughini-Gras L, Khoury C, Avellis L,
Taseva E, Rezza G, Christova I, 2012. Environmental correlates of Crimean-Congo haemorrhagic fever incidence in Bulgaria. BMC Public Health 12: 1116.
50. Mamuchishvili N, Salyer SJ, Stauffer K, Geleishvili M, Zakhashvili
K, Morgan J, Centers for Disease Control and Prevention,
2015. Notes from the ﬁeld: increase in reported CrimeanCongo hemorrhagic fever cases–country of Georgia, 2014.
MMWR Morb Mortal Wkly Rep 64: 228–229.
51. Mbonye AK, Wamala JF, Nanyunja M, Opio A, Makumbi I,
Aceng JR, 2014. Ebola viral hemorrhagic disease outbreak
in West Africa–lessons from Uganda. Afr Health Sci 14:
495–501.

98

BALINANDI AND OTHERS

52. Polonsky JA, Wamala JF, de Clerck H, Van Herp M, Sprecher A,
Porten K, Shoemaker T, 2014. Emerging ﬁloviral disease in
Uganda: proposed explanations and research directions.
Am J Trop Med Hyg 90: 790–793.
53. Aceng JR et al., 2020. Uganda’s experience in Ebola virus
disease outbreak preparedness, 2018–2019. Global Health
16: 24.
54. Shariﬁfard M, Alavi SM, Salmanzadeh S, Safdari F, Kamali A,
2016. Epidemiological survey of Crimean-Congo hemorrhagic
fever (CCHF), a fatal infectious disease in Khuzestan Province,
southwest Iran, during 1999–2015. Jundishapur J Microbiol 9:
e30883.
55. Karakecili F, Cikman A, Aydin M, Binay UD, Kesik OA, Ozcicek
F, 2018. Evaluation of epidemiological, clinical, and laboratory
characteristics and mortality rate of patients with CrimeanCongo hemorrhagic fever in the northeast region of Turkey.
J Vector Borne Dis 55: 215–221.
56. Shahbazi N, Firouz SK, Karimi M, Mostafavi E, 2019. Seroepidemiological survey of Crimean-Congo haemorrhagic fever
among high-risk groups in the west of Iran. J Vector Borne
Dis 56: 174–177.
57. Al-Abri SS et al., 2019. Clinical and molecular epidemiology of
Crimean-Congo hemorrhagic fever in Oman. PLoS Negl Trop
Dis 13: e0007100.
58. Spengler JR, Bente DA, 2017. Crimean-Congo hemorrhagic
fever in Spain—new arrival or silent resident? N Engl J Med
377: 106–108.
59. Mourya DT, Viswanathan R, Jadhav SK, Yadav PD, Basu A,
Chadha MS, 2017. Retrospective analysis of clinical information in Crimean-Congo haemorrhagic fever patients:
2014–2015, India. Indian J Med Res 145: 673–678.
€c¸u
€kbayrak A, Ocak T, Hakyemez NI, Tap T, Karadad60. Duran A, Ku
M, Mengelod-lu ZF, 2013. Evaluation of patients with CrimeanCongo hemorrhagic fever in Bolu, Turkey. Afr Health Sci 13:
233–242.
61. Wikel SK, 2018. Ticks and tick-borne infections: complex ecology, agents, and host interactions. Vet Sci 5: 60.
62. Nimusiima A, Basalirwa C, Majaliwa J, Nape O, Onen J, Akiiki C,
Lule J, Byenek S, 2013. Nature and dynamics of climate variability in the Uganda cattle corridor. Afr J Environ Sci Technol
7: 770–782.

63. Ansari H, Shahbaz B, Izadi S, Zeinali M, Tabatabaee SM,
Mahmoodi M, Holakouie Naieni K, Mansournia MA, 2014.
Crimean-Congo hemorrhagic fever and its relationship with
climate factors in southeast Iran: a 13-year experience.
J Infect Dev Ctries 8: 749–757.
64. Wilson ML, LeGuenno B, Guillaud M, Desoutter D, Gonzalez JP,
Camicas JL, 1990. Distribution of Crimean-Congo hemorrhagic fever viral antibody in Senegal: environmental and vectorial correlates. Am J Trop Med Hyg 43: 557–566.
65. Bente DA, Forrester NL, Watts DM, McAuley AJ, Whitehouse
CA, Bray M, 2013. Crimean-Congo hemorrhagic fever: history,
epidemiology, pathogenesis, clinical syndrome and genetic
diversity. Antiviral Res 100: 159–189.
66. Chinikar S, Persson SM, Johansson M, Bladh L, Goya M,
Houshmand B, Mirazimi A, Plyusnin A, Lundkvist A, Nilsson
M, 2004. Genetic analysis of Crimean-Congo hemorrhagic
fever virus in Iran. J Med Virol 73: 404–411.
67. Khurshid A, Hassan M, Alam MM, Aamir UB, Rehman L, Sharif
S, Shaukat S, Rana MS, Angez M, Zaidi SSZ, 2015. CCHF
virus variants in Pakistan and Afghanistan: emerging diversity
and epidemiology. J Clin Virol 67: 25–30.
68. Balinandi S, Chitimia-Dobler L, Grandi G, Nakayiki T, Kabasa W,
Bbira J, Lutwama JJ, Bakkes DK, Malmberg M, Mugisha L,
2020. Morphological and molecular identiﬁcation of Ixodid tick
species (Acari: Ixodidae) infesting cattle in Uganda. Parasitol
Res 119: 2411–2420.
€ckan R, Capraz M, Varol K, Zengin E, Mengeloglu Z,
69. Kilinc C, Gu
Menekse E, 2016. Examination of the speciﬁc clinical symptoms and laboratory ﬁndings of Crimean-Congo hemorrhagic
fever. J Vector Borne Dis 53: 162–167.
70. Mostafavi E, Pourhossein B, Chinikar S, 2014. Clinical symptoms
and laboratory ﬁndings supporting early diagnosis of CrimeanCongo hemorrhagic fever in Iran. J Med Virol 86: 1188–1192.
71. Akinci E, Bodur H, Sunbul M, Leblebicioglu H, 2016.
Prognostic factors, pathophysiology and novel biomarkers
in Crimean-Congo hemorrhagic fever. Antiviral Res 132: 233–
243.
72. Dowall SD, Carroll MW, Hewson R, 2017. Development of
vaccines against Crimean-Congo haemorrhagic fever virus.
Vaccine 35: 6015–6023.

