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Systemic and oral manifestations of Ebola virus disease

Dental Research Institute, Department of Oral and Maxillofacial Surgery, School of Dentistry,
Seoul National University, Seoul, KOREA
Min Ji Kim", Hui Young Kim", Soung Min Kim*, Hoon Myoung, Jong Ho Lee

Ebola virus disease is a lethal viral hemorrhagic fever that has been boiling in sub-Saharan Africa since 1970s. Last year, The
Ebola virus epidemic that has spread not only mainly in West Africa, but also in locals such as USA, Europe and the Antipodes
via infected travelers, was brought up. Human-to-human transmission of Ebola virus disease is known only through direct contact
with the blood, secretions, tissues or other bodily fluids, including saliva. Although there has not been reported infection cases in
the dental healthcare settings, the fact that the infection of the Ebola virus may be made from human secretions such as saliva
suggests that there is a high risk of infection for the Ebola virus of dental healthcare workers. Therefore, it is important dental
healthcare workers to identify infection-suspected patients through the oral findings for infection prevention.

This article will review the oral signs and symptoms of Ebola virus disease and discuss the pathogenesis, treatment and
prevention. Furthermore, Infection control guidelines for oral healthcare workers are also proposed.
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Fig. 1. Colorized transmission electron micrograph(TEM) of the ultrastructural morphology displayed by an Ebola virus virion.”
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Table 1. Virus families implicated in Viral haemorrhagic fevers?.
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Families Viral haemorrhagic fevers

Arenaviridae Lassa fever, Lujo virus, Argentine, Bolivia, Brazilian and Venezuelan haemorrhagic fevers

Bunyaviridae Hantavirus genus that causes haemorrhagic fever with renal syndrome (HFRS), the Crimean-Congo haemorrhagic
fever(CCHF) virus from the Nairovirus genus, Garissa virus and llesha virus from the Orthobunyavirus and the Rift Valley
fever (RVF) virus from the Phlebovirus genus

Filoviridae Ebola virus and Marburg virus

Flaviviridae Dengue, yellow fever and two viruses in the tick-borne encephalitis group that cause VHF: Omsk haemorrhagic fever

virus and Kyasanur Forest disease virus
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Table 2. Cases of Ebola Virus Disease in Africa, 1976-2015".

Country Town Cases Deaths Species Year
Dem. Rep. of Congo multiple 66 49 Zaire ebolavirus 2014
Multiple countries multiple 28424 11311 Zaire ebolavirus 2014
Uganda Luwero District 6 3 Sudan ebolavirus 2012
Dem.Rep. of Congo Isiro Health Zone 36 13 Bundibugyo ebolavirus 2012
Uganda Kibaale District 11 4 Sudan ebolavirus 2012
Uganda Luwero District 1 1 Sudan ebolavirus 2011
Dem. Rep. of Congo Luebo 32 15 Zaire ebolavirus 2008
Uganda Bundibugyo 149 37 Bundibugyo ebolavirus 2007
Dem. Rep. of Congo Luebo 264 187 Zaire ebolavirus 2007
South Sudan Yambio 17 7 Zaire ebolavirus 2004
Republic of Congo Mbomo 35 29 Zaire ebolavirus 2003
Republic of Congo Mbomo 143 128 Zaire ebolavirus 2002
Republic of Congo Not specified 57 43 Zaire ebolavirus 2001
Gabon Librevile 65 53 Zaire ebolavirus 2001
Uganda Gulu 425 224 Sudan ebolavirus 2000
South Africa Johannesburg 2 1 Zaire ebolavirus 1996
Gabon Booue 60 45 Zaire ebolavirus 1996
Gabon Mayibout 37 21 Zaire ebolavirus 1996
Dem. Rep. of Congo Kikwit 315 250 Zaire ebolavirus 1995
Cote d'lvoire (Ivory Coast) Tai Forest 1 0 Tai Forest ebolavirus 1994
Gabon Mekouka 52 31 Zaire ebolavirus 1994
South Sudan Nzara 34 22 Sudan ebolavirus 1979
Dem. Rep. of Congo Tandala 1 1 Zaire ebolavirus 1977
South Sudan Nzara 284 151 Sudan ebolavirus 1976
Dem. Rep. of Congo Yambuku 318 280 Zaire ebolavirus 1976
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Fig. 4. Roles of macrophages and dendritic cells infected by ZEBOV in inducing the clinical features of Ebola hemorrhagic fever?.,
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Table 3. Overview of EVD developing vaccines'®.

; ClinicalTrials.
Vaccine candidate names Sponsor or manufacturer Location Stage of gov identifier
evaluation number
VRC-EBODNA023-00-VP(Ebloa DNA Plasmid Vaccine) — National Institute of Allergy and Uganda Phase 1B NCT00997607
Infectious Diseases(NIAID) completed
VRC-MARDNAQ25-00-VP(Marburg DNA Plasmid Vaccine)
VRC-EBODNA023-00-VP(Ebola DNA Plasmid Vaccine) ~ NIAID us Phase | NCT00605514
completed
VRC-MARDNA025-00-VP (Marburg DNA Plasmid Vaccine)
Ad5-EBOV (Ebola Adenovirus Vector Vaccine) Jiangsu Province CDC with Beijing China Phase | NCT02326194
Institute of Biotechnology and Tianjin ongoing
Cansino Biotechnology, Inc.
rVSVAG-ZEBOV (recombinant vesicular stomatitis virus US Centers for Disease Control and Sierra Phase II/1ll NCT02378753
expressing the envelope glycoprotein Prevention (CDC) Leone ongoing
of Ebola virus Zaire)
cAd3-EBOZ with MVA-BN? FILO (Prime-Boost regimen) University of Maryland with Wellcome Mali Phase 1B NCT02267109
Trust, ongoing
NIAID and Leidos, Inc.
(Bivalent) VRC-EBOAAC069-00-vp(cAd3-EBO) University of Maryland Mali Phase | NCT02368119
ongoing
VRC-EBODNA069-00-VP (cAd3-EBO), NIAID us Phase | NCT02231866
Ebola Chimpanzee Adenovirus Vector Vaccine ongoing
VRC-EBOMVAQ79-00-VP (MVA-Ebolaz) (Ebola NIAID us Phase 1/1B NCT02408913
Modified Vaccinia Virus Ankara Vaccine) with and ongoing
without boost to VRC-EBOADC069-00-VP (cAd3-EBO)
VRC-EBOADC069-00-VP (cAd3-EBO) NIAID Uganda Phase IB NCT02354404
(Ebola Chimpanzee Adenovirus Vector Vaccing) ongoing
VRC-EBOADCO76-00-VP (cAd3-EBOZ),
Ebola Chimpanzee Adenovirus Vector Vaccines
rVSVA-ZEBOV GP (BPSC1001) Universitatsklinikum Hamburg-Eppendorf  Germany Phase | NCT02283099
ongoing
rVSVA-ZEBOV GP (BPSC1001) Dalhousie University, Canadian Institutes Canada Phase | NCT02374385
of Health Research, NewLink Genetics ongoing
Corp.
Monovalent Zaire Ebola Viral Vector Candidate Vaccine  University of Oxford UK Phase IA NCT02240875
(cAd3-EBO Z) with MVA-BN® Filo (Prime-boost regimen) ongoing
MVA-EBO Z alone and cAd3-EBO Z with MVA-EBOZ University of Oxford UK Phase | NCT02451891
(prime-boost regimen) ongoing
EBOV GP Vaccine (Ebola Virus Glycoprotein) with or Novavax Australia Phase | NCT02370589
without Matrix-M® adjuvant ongoing
VRC-EBOADV018-00-VP (Recombinant Ebola NIAID us Phase | NCT00374309
Adenoviral Vector Vaccine) ongoing
VSVG-ZEBOV (Vesicular stomatitis virus-Ebola Zaire) ~ NIAID Liberia Phase Il NCT02344407
and ChAd3-EBO Z (chimpanzee adenovirus 3-Ebola Zaire) ongoing
VSV-ZEBOV University of Oxford, WHO, Wellcome Kenya Phase | NCT02296933
Trust and others ongoing
Ad5-EBOV (Adenovirus type 5 vector-based EBOV) First Affiliated Hospital of Zhejiang China Phase | NCT02401373
University, ongoing
Beijing Institute of Bioengineering
Academy
of Military Medical Sciences, tianjin
Cansino Biotechnology Inc.
BPSC-1001 (VSV AG-ZEBOV) (recombinant vesicular ~ NewLink Genetics Corp. uUs Phase | NCT02314923
stomatitis virus expressing envelope glycoprotein of ongoing NCT02267423
Ebola virus Zaire) NCT022804408
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Table 5. Reports of orofacial and other signs and symptoms of mild-to-moderately severe EVD in addtion to fever® & %)

Oral features Other features
First author, Year Oral bleeding Oral mucosal lesions  Odynophagia Other bleeding Conjunctivitis Rash

bleeding cracks on

. the lips Oral thrush-like bleeding at maculopapular rash
Bonnet, 1998 diffuse bleeding  lesions Not reported injection sites Not reported and petechiae
(i.e., gums, tongue)
Odynaphagia Conjunctival
Bwaka, 1999% Not reported Not reported dysphagia Injection site (5%) Maculopapular rash

ini i 0,
Sore throat (58%) injection (47%)

Chertow, 2014” Not reported Oral ulcers and Troat pain Not reported .Coanu.nchaI Not reported
thrush dysphagia injection
Oral-throat lesions
(73.6%)

fissures and open sores,

Gingival bleeding Sore throat (79.2%) Epistaxis (16.7%) Conjunctivitis

) 38 ! ‘ )
Plot P, 1978 (25.6%) especially on te DSy et Injection site (6.6%) (58.2%) Skin rash
Herpetic oral lesions
Grayish exudative
patches
Isaacson M, 1978% Gingival bleeding Reddening of the — Sore thrpat Injection site Not reported Morbiliform rash
tongue and throat Dysphagia
) Measles like,
Bleeding from nose, Dry painfu Epistaxis Subconjunctival  papular or
Smith DH, 1978  mouth and gums  Not reported VP o pi ; bap
o throat(63%) Vaginal hemorrhage hemorrhage maculo-papular rash
(50% in fatal cases) (529%)
0

Unexplained bleeding

Difficulty swallowing (18%) Conjunctivitis

WHO Ebola Response Bleeding gums Not reported (32.9%)

Rash (5.8%)

Team, 2014" (2.3%) o Epistaxis (1.9%)  (20.8%)
Sore thioat (21.8%) | cton site (2.4%)
Kortepeter MG, 2011% Not reported Pharyngeal erythema Sore throat Injeftion site Conjunctival Maculopapular
hemorrhage rash
o o
Gingival and oral Epistaxis (]6.'7%’ n
bleeding fatal, none in
Sureau PH, 1989%  (25.6% in fatal cases, Oropharyngeal . Pharyngps nolnfaltal cgses) Hemorrh‘ag!c Erythematous
bleeding ulceration Dysphagia Injection site conjunctivitis maculopapular rash

none in nonfatal

(6.6% in fatal,
cases)

none in nonfatal)
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Table 6. Overview of Ebola virus therapeutics in development™.
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ClinicalTrials.gov

Agent Manufacturer Stage of evaluation identifier number
TKM-Ebola Tekmira (Burnaby, British Columbia, Phase | ongoing NCT02041715
Canada)
TKM-Ebola Tekmira (Burnaby, British Columbia, Phase | terminated NCTO01518881
Canada)
T-705 Institut National de la Sante Et de la Phase Il ongoing NCT02329054
(Favipiravir) Recherche Medicale, France
CMX001 Chimerix (Durham, NC) Phase Il (withdrawn prior recruitment) NCT02271347
(Brincidofovir)
JK-05 Sihuan Phamaceutical Animal studies completed; now
Holdings Group Ltd and Academy of considered for use in emergency N/A
Military Medical Sciences (Beijing, China) situations for army only
BCX4430 BioCryst Pharmaceuticals Phase | ongoing NCT02319772
Inc., Durham, NC
AVI-6002 Sarepta Therapeutics (Cambridge, MA) Phase | completed NCTO01353027
Anti-Ebola None identified Animal studies completed N/A
hyperimmune
globulin
ZMapp National Institutes of Health Clinical
Center (National Institute of Allergy and Phase I/Il ongoing NCT02363322

Infectious Diseases (NIAID))

N/A not Applicable
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