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Two captive cheetahs from a zoo in Japan died of a severe 
fever with thrombocytopenia syndrome–like illness. Severe 
fever with thrombocytopenia syndrome virus, an endemic 
tickborne phlebovirus, was detected systemically with se-
cretion of infectious viruses into the saliva. These cases 
highlight the risk for exposure of captive animals to endemic 
arthropodborne pathogens.

An emerging tickborne virus, severe fever with throm-
bocytopenia syndrome (SFTS) virus (SFTSV; genus 

Phlebovirus, family Phenuiviridae [previously known as 
family Bunyaviridae]) (1,2), causes severe and often fa-
tal febrile illness in humans, especially in elderly patients. 
SFTS cases have been identified in East Asia countries 
(e.g., China, South Korea, and Japan), where the virus also 
was detected in multiple species of ticks (3,4) and in do-
mestic and wild animals (4,5). Ticks and animals play a 
central role in maintaining the life cycle of SFTSV in the 
environment and in the occasional transmission of SFTSV 
to humans. The pathogenesis of SFTSV has been studied 
in human (1,6) and animal models using immunocompro-
mised mice that show a lethal SFTS-like illness (7,8).

In humans, SFTS begins with a high fever, marked 
thrombocytopenia and leukocytopenia, and a high se-
rum viral load, followed by multiorgan dysfunction, 
which may be a consequence of systemic inflammatory 
responses and disseminated intravascular coagulation 
(9,10). Gastrointestinal symptoms, such as nausea and 

vomiting in the early phase and bloody diarrhea in the 
later phase of the disease, have been frequently reported 
(11). The serum viral load, which can be a prognostic 
marker associated with a fatal outcome, remains high in 
fatal cases but decreases in convalescent patients. Here 
we report 2 fatal SFTS cases in cheetahs in a zoo in the 
endemic area.

The Study
In July 2017, anorexia was first recognized in a 7-year-old 
female cheetah (cheetah 1) in a group of 4 cheetahs sharing 
the same outside enclosure; she was anesthetized for medi-
cal examination on day 3. Laboratory studies showed ex-
tremely low leukocyte and low platelet counts and slightly 
elevated aspartate aminotransferase, alanine aminotrans-
ferase (ALT), and total bilirubin levels (Table). The animal 
was confirmed negative for feline leukemia virus, feline 
immunodeficiency virus, and feline panleukopenia virus 
using rapid test kits (Checkman FIV, SNAP FIV/FeLV 
Combo, Checkman FeLV, and Checkman CPV; Kyoritsu 
Seiyaku Corporation, Tokyo, Japan). On day 4, cheetah 1 
started vomiting with hemorrhage and then died after gen-
eralized convulsion. Pathologic analysis identified 4 ulcers 
in the digestive tract, bleeding in the esophagus, and swol-
len spleen with white nodules.

Slightly abnormal behavior of a 6-year-old male chee-
tah (cheetah 2) was first observed at 10 and 15 days after 
the death of cheetah 1. Obvious anorexia in cheetah 2 was 
recorded at 20 days after cheetah 1 died (hereafter referred 
to as day 1). Dragging of hind limbs was observed on day 
2, and hematologic tests revealed a moderately low plate-
let count and elevated ALT (Table). A fecal sample was 
negative for Helicobacter pylori antigen, enteric bacteria, 
and ova-parasite. On day 3, slightly decreased leukocyte 
count along with continued low platelet count and high 
liver aspartate aminotransferase levels were detected. On 
day 4, the gastroscopy test showed erosion and petechiae 
in the stomach, and a blood-feeding tick was found and re-
moved from the ear. In addition to the low leukocyte and 
platelet counts, elevated ALT, creatine phosphokinase, 
and lactate dehydrogenase levels were revealed by labo-
ratory tests on day 6. Cheetah 2 vomited with hemorrhage 
on days 6 and 7 and died on day 7. Similar to cheetah 1, 
cheetah 2 had a swollen spleen with white nodules and 
ulcers in the stomach. No clinical signs were observed in 
the 2 other cheetahs.
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We performed laboratory tests for virus detection us-
ing plasma from cheetah 1 and serum, spleen, and mesen-
teric lymph node samples from cheetah 2. SFTSV RNA 
genomes were detected using a quantitative reverse tran-
scription PCR (RT-PCR) targeting the S (small) segment 
RNA in the spleen and lymph node but not in plasma and 
serum (Figure 1, panel A). Quantitative RT-PCR showed 
intensive replication of viral RNA in the popliteal lymph 
nodes and salivary gland and moderate replication in the 
brain and spleen. In addition to these tissues, the livers, 
kidneys, and small intestines of both animals were posi-
tive for SFTSV RNAs by conventional RT-PCR. The 
tissues were negative for flaviviruses, alphaviruses, and 
canine distemper virus using conventional RT-PCR tar-
geting these viruses.

We isolated infectious viruses using Huh-7 cells and 
Vero E6 cells from the plasma and popliteal lymph node of 
cheetah 1 and the spleen, lymph nodes, and brain of chee-
tah 2 but not from the serum of cheetah 2. Infected cells 

were clearly stained in an immunofluorescence assay with 
a monoclonal antibody YG1-7-3-3-4 raised against the re-
combinant SFTSV nucleoprotein of the Japanese prototype 
strain YG1. Conditions of the plasma and serum samples 
may result in negative RT-PCR results in the plasma and 
negative RT-PCR results and virus isolation in the serum 
because both samples were collected from animals sup-
posed to cause viremia.

To assess the potential for virus shedding into the secre-
tions of infected animals, infectious SFTSV of the salivary 
gland, oral, nasal, and rectal swabs from cheetah 2 were 
titrated using Huh-7 cells. Swab samples were collected 
from the carcass after freeze and thaw. We detected virus 
titers of ≈105 50% tissue culture infectious dose (TCID50)/g 
or TCID50/mL in the salivary gland and oral swab samples, 
respectively; however, virus was not detected in the nasal 
and rectal swab samples (Figure 1, panel B).

We determined genomic sequences of 2 isolates 
(SkrP/2017 from the plasma of cheetah 1 and ArtSp/2017 
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Table. Hematology and blood chemistry parameters in 2 fatal cases of severe fever with thrombocytopenia syndrome in cheetahs, 
Japan, 2017 

Laboratory value Normal ( SD)* 
Cheetah 1, 

day 3† 
Cheetah 2‡ 

Day 2 Day 3 Day 4 Day 6 Day 7§ 
Leukocytes/L 10,350 (3,500) 1,700 12,500 10,700 6,900 3,900 4,800 
Erythrocytes,  103 cells/L 684 (106) 707 845 756 834 722 952 
Platelets,  103/L¶ 349 (119) 1 12.7 9.1 5.9 0.9 1.3 
Hemoglobin, g/L 12.5 (1.9) 13.9 16.7 15 15.7 14 18.3 
Hematocrit, % 37.9 (5.8) 38.4 58.6 43.1 47.4 39.5 54.4 
Mean cell volume, fL 55.6 (5.5) 54.3 69.3 57 56.8 54.7 57.1 
Aspartate aminotransferase, U/L 52 (35) 161 119 162 145 492 500 
Alanine aminotransferase, U/L 98 (71) 157 412 377 284 501 471 
Creatine phosphokinase, U/L 296 (311) 262 200 915 746 >2,000 >2,000 
Lactate dehydrogenase, U/L 92 (87) 273 203 574 174 684 906 
Total bilirubin, mg/dL 0.3 (0.2) 2.7 0.6 2.9 1.2 5.4 12.3 
*Numbers are obtained from (12). 
†After illness onset. 
‡Day 1 was 20 days after cheetah 1 died. 
§Blood was collected from the carcass. 
¶Possible lower platelet counts due to blood collection using heparin. 
 

Figure 1. Detection of severe 
fever with thrombocytopenia 
syndrome virus (SFTSV) in 
samples from 2 cheetahs, 
Japan, 2017. A) RNA was 
extracted from tissues, plasma, 
and serum and subjected to 
quantitative reverse transcription 
PCR (RT-PCR). The amounts 
of SFTSV RNA were quantified, 
with a reference, as RNA copies/
mg for tissues and RNA copies/
mL for plasma and serum. The 
mean of duplicate results is 
shown in the graph. a, plasma; 
b, popliteal lymph node (left); 
c, serum; d, brain; e, salivary gland; f, spleen; g, mesentric lymph node; h, popliteal lymph node (left); i, popliteal lymph node (right). B) 
The TCID50 of salivary gland (per mg) and swab specimens (per mL) for cheetah 2 was determined using Huh-7 cells. Virus proteins 
were detected by an immunofluorescence assay with an anti-SFTSV N monoclonal antibody. a, salivary gland; b, oral swab sample;  
c, nasal swab sample; d, rectal swab sample. ND, not done; TCID50, 50% tissue culture infectious dose. 
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from the spleen of cheetah 2) using MiSeq (Illumina, San 
Diego, CA, USA) with NEBNext-Ultra RNA Library Prep 
kit (NEB). De novo assembly on CLC Genomics Work-
bench (QIAGEN, Hilden, Germany) determined virtually 
full-length sequences of all 3 RNA segments of 2 SFTSV 
isolates. We manually edited the termini and remapped vi-
rus reads to contigs to define the complete full-length ge-
nome sequences (sequences deposited into GenBank under 
accession nos. LC325234–9). We found only 1 synony-
mous nucleotide difference on the coding region of the L 
(large) segment between the 2 isolates. Phylogenetic analy-
ses of 3 RNA segments revealed that both cheetah isolates 
were clustered together with an SFTSV isolate, SPL071A, 
which had been reported in a human in the same prefecture 
as the zoo (Figure 2) (13).

Conclusions
We found a fatal SFTS-like illness of 2 cheetahs naturally 
infected with an endemic tickborne virus, SFTSV. Disease 
progression of cheetah 2 was carefully tracked by daily 
monitoring, providing important clinical information on 
fatal SFTSV infection in animals. Because the genome se-
quences of 2 SFTSV isolates were almost identical to each 
other, and closely related to those of a local isolate from 
a human case, SFTSV circulating among ticks and wild 
animals in the area may intrude into the zoo. That 2 chee-
tahs sharing the same outside enclosure were successively  

infected with SFTSV within a month of each other and that 
they had the potential to shed infectious SFTSV into their 
saliva indicates the virus might have been independently 
transmitted to 2 cheetahs by ticks; however, the possibil-
ity of horizontal transmission through a bite of the animal 
is undeniable. Further investigation on ticks and animals 
around the zoo is ongoing. Our study highlights the zoo-
notic risk for SFTSV infection and the importance of moni-
toring this endemic arthropodborne disease in zoo animals, 
as well as livestock, pets, and wildlife.
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Figure 2. Phylogenetic analyses of severe fever with thrombocytopenia syndrome virus (SFTSV) isolates from 2 cheetahs, Japan, 2017. 
The phylogenetic trees constructed based on large (A), medium (B), and small (C) segment RNA nucleotide sequences of isolates 
SkrP/2017 from cheetah 1 and ArtSp/2017 from cheetah 2 (underlined) with representative SFTSV isolates. Isolates from human cases 
reported in the same prefecture as the zoo are indicated with black dots. The trees were calculated using MrBayes version 3.2.6 (http://
mrbayes.sourceforge.net) with the general time reversible plus gamma plus invariate sites substitution model. Numbers beside nodes 
indicate posterior probabilities. Scale bars indicate nucleotide substitutions per site.



Fatal Tickborne Phlebovirus Infection in Cheetahs

on Infectious Diseases, the Japan Agency for Medical Research 
and Development (AMED) (grant nos. JP18fm0108008 and  
JP17fm0208001), AMED/Japan International Cooperation 
Agency within the framework of the Science and Technology 
Research Partnership for Sustainable Development, Fusion-H 
program from Hokkaido University, and the Akiyama Life  
Science Foundation.

About the Author
Dr. Matsuno is a lecturer with the Faculty of Veterinary  
Medicine, Hokkaido University, Sapporo, Hokkaido, Japan. His 
research interests are the epidemiology, ecology, and molecular 
virology of tickborne viruses.

References
  1.	 Yu X-J, Liang M-F, Zhang S-Y, Liu Y, Li J-D, Sun Y-L, et al.  

Fever with thrombocytopenia associated with a novel bunyavirus  
in China. N Engl J Med. 2011;364:1523–32. http://dx.doi.org/ 
10.1056/NEJMoa1010095

  2.	 Adams MJ, Lefkowitz EJ, King AMQ, Harrach B, Harrison RL, 
Knowles NJ, et al. Changes to taxonomy and the International 
Code of Virus Classification and Nomenclature ratified by the  
International Committee on Taxonomy of Viruses (2017).  
Arch Virol. 2017;162:2505–38. http://dx.doi.org/10.1007/ 
s00705-017-3358-5

  3.	 Park S-W, Song BG, Shin E-H, Yun S-M, Han MG, Park MY,  
et al. Prevalence of severe fever with thrombocytopenia syndrome 
virus in Haemaphysalis longicornis ticks in South Korea. Ticks 
Tick Borne Dis. 2014;5:975–7. http://dx.doi.org/10.1016/ 
j.ttbdis.2014.07.020

  4.	 Oh S-S, Chae J-B, Kang J-G, Kim H-C, Chong S-T, Shin J-H,  
et al. Detection of severe fever with thrombocytopenia  
syndrome virus from wild animals and Ixodidae ticks in the  
Republic of Korea. Vector Borne Zoonotic Dis. 2016;16:408–14. 
http://dx.doi.org/10.1089/vbz.2015.1848

  5.	 Niu G, Li J, Liang M, Jiang X, Jiang M, Yin H, et al. Severe fever 
with thrombocytopenia syndrome virus among domesticated  

animals, China. Emerg Infect Dis. 2013;19:756–63. http://dx.doi.org/ 
10.3201/eid1905.120245

  6.	 Takahashi T, Maeda K, Suzuki T, Ishido A, Shigeoka T, Tominaga T,  
et al. The first identification and retrospective study of severe 
fever with thrombocytopenia syndrome in Japan. J Infect Dis. 
2014;209:816–27. http://dx.doi.org/10.1093/infdis/jit603

  7.	 Liu Y, Wu B, Paessler S, Walker DH, Tesh RB, Yu X-J. The  
pathogenesis of severe fever with thrombocytopenia syndrome 
virus infection in alpha/beta interferon knockout mice: insights  
into the pathologic mechanisms of a new viral hemorrhagic fever.  
J Virol. 2014;88:1781–6. http://dx.doi.org/10.1128/JVI.02277-13

  8.	 Matsuno K, Orba Y, Maede-White K, Scott D, Feldmann F,  
Liang M, et al. Animal models of emerging tick-borne  
phleboviruses: determining target cells in a lethal model of  
SFTSV infection. Front Microbiol. 2017;8(e3267):104.  
http://dx.doi.org/10.3389/fmicb.2017.00104

  9.	 Deng B, Zhou B, Zhang S, Zhu Y, Han L, Geng Y, et al. Clinical 
features and factors associated with severity and fatality among 
patients with severe fever with thrombocytopenia syndrome  
Bunyavirus infection in northeast China. PLoS One. 
2013;8:e80802. http://dx.doi.org/10.1371/journal.pone.0080802

10.	 Matsuno K, Matsuno K, Feldmann H, Ebihara H. Severe fever with 
thrombocytopenia syndrome associated with a novel bunyavirus. 
In: Ergonul O, Can F, Akova M, Madoff L, editors. Amsterdam: 
Elsevier; 2014. p. 1–12.

11.	 Liu Q, He B, Huang S-Y, Wei F, Zhu X-Q. Severe fever with 
thrombocytopenia syndrome, an emerging tick-borne zoonosis. 
Lancet Infect Dis. 2014;14:763–72. http://dx.doi.org/10.1016/
S1473-3099(14)70718-2

12.	 Fowler ME, Miller RE, editors. Zoo and wild animal medicine.  
5th ed. Philadelphia: W.B. Saunders; 2003.

13.	 Yoshikawa T, Shimojima M, Fukushi S, Tani H, Fukuma A,  
Taniguchi S, et al. Phylogenetic and geographic relationships  
of severe fever with thrombocytopenia syndrome virus in China, 
South Korea, and Japan. J Infect Dis. 2015;212:889–98.  
http://dx.doi.org/10.1093/infdis/jiv144

Address for correspondence: Keita Matsuno, Hokkaido University, 
Department of Disease Control, Graduate School of Veterinary  
Medicine, N18 W9, Sapporo 060-0818, Japan; email:  
matsuno@vetmed.hokudai.ac.jp

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 9, September 2018	 1729

Manage your email alerts so you only 
receive content of interest to you.

Sign up for an online subscription:  
wwwnc.cdc.gov/eid/subscribe.htm


