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ABSTRACT

A 50-year-old man who returned from a business

Ebola virus causes a hemorrhagic fever with a high case-
fatality rate. Treatment remains supportive although a
variety of specific treatments are still in the early stages
of investigation. This report reviews the clinical virology
of Ebola virus, the reported proposed treatments, and the
current outbreak.

KEY POINTS

Ebola virus is spread by contact with body fluids, with no
evidence to date that it is airborne.

Ebola virus is likely maintained in a reservoir of small
animals, possibly bats.

The incubation period is about 5 to 7 days, during which
the patient is not infectious.

Symptoms begin abruptly, with fever, chills, and general
malaise, which in some patients leads to weakness, se-
vere headache, myalgia, nausea, vomiting, diarrhea, and
abdominal pain.

Once the disease is symptomatic, patients have high
levels of virus in the blood and other body fluids and are
therefore infectious.

Survivors show improvement in the second week of
illness, during which viremia resolves and virus-specific
antibodies appear.

Medical Grand Rounds articles are based on edited transcripts from Medicine Grand Rounds
presentations at Cleveland Clinic. They are approved by the author but are not peer-reviewed.
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trip to Nigeria 24 days ago presents with complaints
of the sudden onset of fever, diarrhea, myalgia, and
headache. He reports 10 bowel movements per day
and has seen bloody stools.

During his trip he flew in to Murtala Muhammed
International Airport in Lagos, ate meals only in his
hotel, and attended meetings in Lagos central business
district. He had no exposure to animals, mosquitoes,
ticks, or sick people, and no sexual activity. After re-
tuning home, he felt well for the first 3 weeks.

The patient has a history of hypertension. He
does not smoke, drink alcohol, or use injection drugs.
He is married, works with commercial banks and fi-
nancial institutions, and lives in Cleveland, OH.

On physical examination his temperature is
100.0°F (37.8°C), pulse 98, respirations 15, blood
pressure 105/70 mm Hg, and weight 78 kg (172 1b).
He appears comfortable but is a little diaphoretic. His
abdomen is tender to palpation in the epigastrium and
slightly to the Tight; he has no signs of peritonitis. His
skin is without rash, bleeding, or bruising. The re-
mainder of the examination is normal.

His white blood cell countis 17 x 10°/L, hemoglo-
bin 15 g/dL, hematocrit 41%, and platelet count 172
x 10°/L. His sodium level is 126 mmol/L, potassium
3.8 mmol/L, chloride 95 mmol/L, carbon dioxide 20
mmol/L, blood urea nitrogen 11 mg/dL, creatinine
0.7 mgldL, and glucose 130 mg/dL. His aminotrans-
ferase and alkaline phosphatase levels are normal.

Could this patient have Ebola virus disease?

ITH EBOLA VIRUS DISEASE on the rise in
W West Africa, physicians who encounter
patients like this one need to include it in the
differential diagnosis. Because the disease is
new, many questions are raised for which we as
yet have no answers. Here, [ will review what
we know and do not know in an effort to re-
move some of the fear and uncertainty.
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American citizens infected with Ebola’

Dr. Kent Brantly arrived in Atlanta, GA, on August 2, 2014, from
Liberia. Before transfer, he received whole blood (from a 14-year-old
boy who survived Ebola) and ZMapp. He was discharged on August 21.

Nancy Writebol arrived in Atlanta, GA, on August 5, 2014, after hav-
ing received ZMapp in Liberia. She was discharged on August 19.

Dr. Rick Sacra arrived at Nebraska Medicine on September 5, 2014.
He received whole blood from Dr. Brantly, and was discharged on
September 25.

An unnamed person arrived in Atlanta, GA, on September 9, 2014,
from Sierra Leone and was still there as of October 10.

Ashoka Mukpo, a freelance cameraman, arrived at Nebraska Medi-
cal Center on October 6, 2014, from Liberia.

Nina Pham, a nurse caring for an Ebola virus-infected patient, was
diagnosed on October 12, 2014, and was discharged from the National
Institutes of Health on October 24, 2014, just before meeting with
President Barack Obama in the Oval Office.

Amber Vinson, a nurse caring for an Ebola virus-infected patient,
was diagnosed on October 15, 2014, and was discharged from Emory
University Hospital on October 28, 2014.

“As of November 1, 2014

M A NEW DISEASE

In total, all

L Ebola virus disease is a severe hemorrhagic fe-
previous ver caused by negative-sense single-stranded
outbreaks RNA viruses classified by the International
caused fewer Committee on Taxonomy of Viruses as be-

longing to the genus Ebolavirus in the family

than 2,400 cases Filoviridae. Filoviruses get their name from
in 3 decades

the Latin filum, or thread-like structure.

The family Filoviridae was discovered
in 1967 after inadvertent importation of in-
fected monkeys from Uganda into Yugoslavia
and Marburg, Germany. Outbreaks of severe
illness occurred in workers at a vaccine plant
who came into direct contact with the ani-
mals by killing them, removing their kidneys,
or preparing primary cell cultures for polio
vaccine production.

Ebola virus was discovered in 1976 by Pe-
ter Piot, who was working at the Institute of
Tropical Medicine in Antwerp, Belgium. The
blood of a Belgian woman who had been work-
ing in what is now the Democratic Republic of
the Congo (formerly Zaire) had been sent to
the institute; she and Mabalo Lokela, a school
headmaster and the first recorded victim of
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Ebola virus, had been working near Yambuku,
about 96 km from the Ebola River.

Before the 2014 outbreak, all known out-
breaks had caused fewer than 2,400 cases across
a dozen African countries over 3 decades.

Five species of Ebola virus

The genus Ebolavirus contains five species, each
associated with a consistent case-fatality rate
and a more or less well-identified endemic area.!

Zaire ebolavirus was recognized in 1976; it
has caused multiple outbreaks, with high case-
fatality rates.

Sudan ebolavirus was seen first in the
1970s; it has a 50% case-fatality rate.

Tai Forest ebolavirus has been found in
only one person, an ethologist working with
deceased chimpanzees.

Bundibugyo ebolavirus emerged in 2007
and has a 30% case-fatality rate.

Reston ebolavirus is maintained in an ani-
mal reservoir in the Philippines and is not found
in Africa. It caused an outbreak of lethal in-
fection in macaques imported into the United
States in 1989. There is evidence that Reston
ebolavirus can cause asymptomatic infection in
humans. None of the caretakers of the macaques
became ill, nor did farmers working with infect-
ed pigs, although both groups seroconverted.

A reservoir in bats?

A reservoir in nonhuman primates was ini-
tially suspected. However, studies subsequent-
ly showed that monkeys are susceptible to
rapidly lethal filoviral disease, precluding any
role as a host for persistent viral infection. It is
likely that Ebola virus is maintained in small
animals that serve as a source of infection for
both humans and wild primates. A prominent
suspect is fruit bats, which are consumed in
soup in West Africa.

Transmission is person-to-person

or nosocomial

Ebola virus is transmitted by direct contact
with body fluids such as blood, urine, sweat,
vomitus, semen, and breast milk. Filoviruses
can initiate infection via ingestion, inhala-
tion (although probably not Ebola), or passage
through breaks in the skin. Droplet inocula-
tion into the mouth or eyes has been shown to
result from inadvertent transfer of virus from
contaminated hands. Patients transmit the
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virus while febrile and through later stages of
disease, as well as postmortem through con-
tact with the body during funeral prepara-
tions. The virus has been isolated in semen for
as many as 61 days after illness onset.

Ebola virus can also be spread nosocomially.
In 1976, a 44-year-old teacher sought care for
fever at the Yambuku Mission Hospital. He was
given parenteral chloroquine as empiric treat-
ment for presumed malaria, which was routine
for all febrile patients. However, he had unrec-
ognized Ebola virus infection. Moreover, sy-
ringes were rinsed in the same pan of water and
reused, which spread the infection to nearly
100 people, all of whom developed fulminant
Ebola virus disease and died. Infection then
spread to family caregivers, the hospital staff,
and those who prepared the bodies for burial.

Nosocomial transmission was also respon-
sible for an outbreak of Lake Victoria Marburg
virus in Uige Province in northern Angola in
2005, with 374 putative cases and 329 deaths.
When teams from Médecins Sans Frontiéres
started setting up the Marburg ward, there
were five patients with hemorrhagic fever in
a makeshift isolation room in the hospital, to-
gether with corpses that the hospital staff had
been too afraid to remove. Healers found in
many rural African communities were admin-
istering injections in homes or in makeshift
clinics with reused needles or syringes.’

There is no evidence that filoviruses are
carried by mosquitoes or other biting arthro-
pods. Also, the risk of transmission via fomi-
tes appears to be low when currently recom-
mended infection-control guidelines for the
viral hemorrhagic fevers are followed.> One
primary human case generates only one to
three secondary cases on average.

M EBOLA IS AN IMMUNODEFICIENCY VIRUS

The main targets of infection are endothelial
cells, mononuclear phagocytes, and hepato-
cytes. Ebola virus replicates at an unusually
high rate. Macrophages infected with Zaire
ebolavirus produce tumor necrosis factor alpha,
interleukin (IL) 1 beta, IL-6, macrophage che-
motactic protein 1, and nitric oxide. Virus-in-
fected macrophages synthesize cell-surface tis-
sue factor, triggering the extrinsic coagulation
pathway.
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Ebola is an immunodeficiency virus. Den-
dritic cells, which initiate adaptive immune
responses, are a major site of filoviral replica-
tion. Infected cells cannot present antigens to
naive lymphocytes. Patients who die of Ebola
virus disease do not develop antibodies to the
virus. Lymphocytes remain uninfected, but
undergo “bystander” apoptosis induced by in-
flammatory mediators.

M CLINICAL MANIFESTATIONS

The incubation period is generally 5 to 7 days
(range 2 to 28 days), during which the patient
is not infectious. Symptoms begin abruptly,
with fever, chills, general malaise, weakness,
severe headache, and myalgia. By the time of
case detection in West Africa, most patients
also had nausea, vomiting, diarrhea, and ab-
dominal pain. Once symptoms arise, patients
have high levels of the virus in their blood and
fluids and are infectious. Hemorrhagic symp-
toms have apparently been uncommon in
West Africa, occurring in 1.0% to 5.7%, but
“unexplained bleeding” has been documented
in 18% of cases.* Among those in whom the
disease enters its hemorrhagic terminal phase,
there is characteristic internal and subcutane-
ous bleeding, vomiting of blood, and subcon-
junctival hemorrhage.*

Laboratory findings include lymphocyto-
penia (often with counts as low as 1.0 x 10°/L),
thrombocytopenia (with counts in the range
of 50 to 100 x 10°/L), elevated aminotrans-
ferase levels (including aspartate aminotrans-
ferase levels 7 to 12 times higher than alanine
aminotransferase in fatal cases), low total pro-
tein (due to capillary leak), and disseminated
intravascular coagulation. Those who survive
begin to improve in the second week, during
which viremia resolves in association with the
appearance of virus-specific antibodies.*

Il DIAGNOSIS

In symptomatic patients, Ebola virus infection
is diagnosed by detection in blood or body flu-
ids of viral antigens by enzyme-linked immu-
nosorbent assay, or RNA sequences by reverse
transcriptase polymerase chain reaction. The
diagnosis is confirmed with cell culture (in a
BSL-4 containment laboratory) showing char-
acteristic viral particles by electron microscopy.
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I CARING FOR PATIENTS

The most detailed descriptions of the care of
patients with Ebola virus disease have come
from Dr. Bruce Ribner, of Emory University
Hospital, in an October 2014 report of his ex-
perience caring for Ebola-infected patients at
Emory University Hospital in Atlanta, GA.>
He described fluid losses of 5 to 10 L/day, pro-
found hyponatremia, hypokalemia, and hypo-
calcemia, which were associated with cardiac
arrhythmias and the need for intravenous and
oral electrolyte repletion and hemodialysis.
Intensive one-to-one nursing was critical, as
was the coordination of many medical subspe-
cialties. The Emory team arranged point-of-
care testing near the unit and generally kept
laboratory testing to a minimum. The team
was surprised to learn that commercial carri-
ers refused to transport specimens even when
they were licensed for category A agents. Dif-
ficulties with the local water authority and
waste disposal contractor required the hospital
to dedicate an autoclave to process all materi-
als used in clinical care.

B TREATMENT:
SUPPORTIVE AND EXPERIMENTAL

Treatment is supportive to maintain circula-
tory function and blood pressure and to cor-
rect coagulopathy. However, a variety of vac-
cines, antibodies, small-molecule agents, and
antiviral agents are undergoing testing, mostly
in animals at this point.

Vaccines. A therapeutic vaccine that worked
only slightly was a live-attenuated recombinant
vesicular stomatitis virus expressing Ebola virus
transmembrane glycoproteins, which was tested
in mice, guinea pigs, and rhesus macaques who
had been exposed to Ebola virus.®

A preventive vaccine worked better. Stan-
ley et al” evaluated a replication-defective
chimpanzee adenovirus 3-vectored vaccine
that also contained Ebola virus glycoprotein.
They gave macaques a single injection of this
vaccine, and then 5 weeks later gave them a
lethal dose of Ebola virus. All the vaccinated
animals survived the infection, and half (2 of
4) survived when challenged 10 months later.
With a prime-boost strategy (modified vac-
cinia virus Ankara, a poxvirus), all survived
when challenged 10 months later.

VOLUME 81 ¢ NUMBER 12

KZ52, a neutralizing antibody, did not
work. Oswald et al® gave a human IgG mono-
clonal antibody against Zaire Ebola virus, des-
ignated KZ52, to four rhesus macaques, chal-
lenged them with the virus 24 hours later, and
administered a second shot of KZ52 on day 4.
All of them died.

ZMAD is a combination of three murine
monoclonal antibodies, designated 1H3, 2G4,
and 4G7. Ad-IFN is a human adenovirus, se-
rotype 5, that expresses human interferon
alpha. Qui et al’ gave ZMAb and Ad-IFN
to macaques in several experiments. In ex-
periment 1, eight macaques were infected and
then were given ZMAb and Ad-IFN 3 days
later, and ZMAb again on days 6 and 9. Sev-
en of the eight survived. In a second experi-
ment, Ad-IFN was given first, when the viral
load was still less than the limit of detection
of known assays, and then ZMAb was given
upon detection of viremia and fever. Two of
four macaques survived. Control animals had
undetectable levels of IgG, whereas Ebola vi-
rus GP-specific IgG levels were detected in all
survivors. [FN-gamma ELISpots showed high
EBOV-GP-specific T-cell response in all sur-
vivors.

ZMapp is another cocktail of monoclonal
antibodies, containing two from ZMab (2G4
and 4G7), plus a third, c13C6. In experiments
in rhesus macaques, three groups of six animals
each received three doses of ZMapp at varying
times after being infected with Ebola virus: at
3,6, and 9 days; at 4, 7, and 10 days, and at 5,
8, and 11 days. All 18 macaques treated with
ZMapp survived. Thus, Zmapp extended the
treatment window to 5 days postexposure.!®
One of the American health care workers who
contracted Ebola virus in Liberia received this
medication.

HSPA5-PMO. Endoplasmic reticulum
chaperone heat shock 70 kDa protein 5
(HSPAS) is instrumental in the maturation of
envelope proteins in hepatitis C and influenza
A virus. It plays a role in viral entry for cox-
sackievirus A9 and dengue virus serotype 2,
and it may be involved in Ebola viral budding.
Phosphorodiamidate morpholino oligomers
(PMOs) are a class of antisense DNA nucleo-
tide analogs.

Reid et al'! reported that mice treated
with HSPA5-PMO were completely protect-
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ed from lethal Ebola challenge. Therefore,
HSPAS5 appears to be a promising target for
the development of antifilovirus countermea-
sures.

Favipiravir, an antiviral agent also known as
T-705, is a pyrazinecarboxamide derivative. In-
vented in 2002 by Toyama Chemicals as an in-
hibitor of influenza virus replication, it acts as a
nucleotide analog, selectively inhibiting the vi-
ral RNA-dependent RNA polymerase, or causes
lethal mutagenesis upon incorporation into the
virus RNA. Favipiravir suppresses Ebola virus
replication by 4 log,, units in cell culture.

Mice were challenged with intranasal in-
oculation of 1,000 focus-forming units of Eb-
ola virus diluted in phosphate-buffered saline.
Until the first day of treatment (postinfection
day 6), all mice in the T-705 group lost weight
similarly to control mice, developed viremia,
and showed elevated serum levels of aspartate
aminotransferase and alanine aminotransfer-
ase. Within 4 days of T-705 treatment (post-
infection day 10), the animals had cleared the
virus from blood. Surviving mice developed
Ebola virus-specific antibodies and CD8+ T
cells specific for the viral nucleoprotein.'?

The authors hypothesized that suppression
of virus replication by T-705 allowed the host
to mount a virus-specific adaptive immune re-
sponse, and concluded that T-705 was 100%
effective in the treatment of Zaire Ebola virus
infection up to postinfection day 6 but was hard-
ly beneficial at the terminal stage of disease.!?
Of note, favipiravir is undergoing phase 2 and
phase 3 trials as an anti-influenza agent in Japan.

I THE CURRENT OUTBREAK

The current outbreak is with Zaire ebolavi-
rus. It seems to have started in a 2-year-old
child who died in Meliandou in Guéckédou
Prefecture, Guinea, on December 6, 2013.
On March 21, 2014, the Guinea Ministry of
Health reported the outbreak of an illness
characterized by fever, severe diarrhea, vom-
iting, and a high case-fatality rate (59%) in
49 persons. On May 25, 2014, Kenema Gov-
ernment Hospital confirmed the first case of
Ebola virus disease in Sierra Leone, probably
brought there by a traditional healer who had
treated Ebola patients from Guinea. Tracing

led to 13 additional cases—all women who at-
tended the burial.®
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The Center for Systems Biology at Har-
vard University and the Broad Institute of
Massachusetts Institute of Technology gener-
ated 99 Ebola virus genome sequences from
78 patients with confirmed disease, represent-
ing more than 70% of the patients diagnosed
with the disease in Sierra Leone from May to
mid-June 2014. They found genetic similar-
ity across the sequenced 2014 samples, sug-
gesting a single transmission from the natu-
ral reservoir, followed by human-to-human
transmission during the outbreak. Continued
human-reservoir exposure is unlikely to have
contributed to the growth of this epidemic.!*

As of October 14, 2014, there were 8,914
suspected and confirmed cases of Ebola virus
infection, and 4,477 deaths.”

But how did Zaire Ebola virus make the
2,000-mile trek from Central Africa to Guin-
ea in West Africa! There are two possibili-
ties: it has always been present in the region
but we just never noticed, or it was recently
introduced. Bayesian phylogenetic analyses
and sequence divergence studies suggest the
virus has been present in bat populations
in Guinea without previously infecting hu-
mans.

Why Guinea and why Guéckédou? Guin-
ea is one of the poorest countries in the world,
ranking 178th of 187 countries on the Human
Development Index of the United Nations
Development Programme, just behind Liberia
(174th) and Sierra Leone (177th). In Guinea,
the life expectancy is 56 years and the gross
national income per capita is $440. The region
has been systematically plundered and the for-
est decimated by clear-cut logging, leaving the
Guinea Forest Region largely deforested, re-
sulting in increased contact between humans
and the small animals that serve as the source
of infection.!

B LIMITED CAPACITY,
EVEN IN THE UNITED STATES

A few hospitals in the United States have
dedicated units to handle serious infec-
tious diseases such as Ebola: Emory Univer-
sity Hospital; Nebraska Medicine in Omaha;
Providence St. Patrick Hospital in Missoula,
MT; and the National Institutes of Health in
Bethesda, MD. However, in total they have
only 19 beds.
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B QUESTIONS, ANSWERS—
AND MORE QUESTIONS

(The following is from a question-and-an-
swer discussion that followed Dr. Brizendine’s
Grand Rounds presentation.)

Q: Are there any differences between survi-
vors and those who die of the disease? A: We do
not know. Patient survival depends on early
recognition and supportive care. There are
disparities in the care of patients. Schieffelin
et al'® analyzed the characteristics of patients
who died or who survived in Sierra Leone and
found that the mortality rate was higher in
older patients and those with a higher viral
load on presentation.

Q: Does the virus block production or release
of interferon early in infection? A: Yes, it has
been shown!” that Ebola virus protein VP24
inhibits signaling downstream of both inter-
feron alpha/beta and interferon gamma by
indirectly impairing the transport of a tran-
scription factor termed STAT1. VP24 is also
able to bind STAT1 directly. The resulting
suppression of host interferon very early on in
the incubation phase is key to the virulence of
the virus.

Q: Does infection with one of the viral spe-
cles confer immunity from other species? Az No,
there is no cross-immunity.

Q: How soon do patients test positive? Az
About 5 days after exposure, when they de-
velop a fever. At this time patients are highly
viremic, which PCR can detect.

Q: Before the wvirus is detectable in the
blood, where is it? A: The liver, endothelial
cells, antigen-presenting cells, and adrenal
glands.

Q: Do we really need to quarantine ill patients
and health care workers returning from Africa,
per CDC recommendations? A: We don’t know
everything, and some people do make bad de-
cisions, such as traveling while symptomatic. I
support a period of observation, although con-
finement is not reasonable, as it may pose a
disincentive to cooperation.

Q: What is the role of giving plasma from
survivors? Az Dr. Kent Brantly (see AMERICAN
CITIZENS INFECTED WITH EBOLA) received the blood
of a 14-year-old who survived. We don’t
know. It is not proved. It did not result in
improvement in animal models.
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Q: Is the bleeding caused by a mechanism
similar to that in enterohemorrhagic Escherichia
coli infection? Az No. That is a bacterial toxin,
whereas this is more like disseminated intra-
vascular coagulation, with an intrinsic path-
way anticoagulation cascade.

Q: How long does the virus remain viable
outside the body? A: In one study,'® Ebola vi-
rus could not be recovered from experimen-
tally contaminated surfaces (plastic, metal
or glass) at room temperature. In another
in which it was dried onto a surface,! Ebola
virus survived in the dark for several hours
between 20 and 25°C. When dried in tissue
culture media onto glass and stored at 4°C, it
has survived for over 50 days.

Q: How long does the virus remain in breast
milk? A: We know it has been detected 15
days after disease onset and think possibly as
late as 28 days from symptom onset.’

Q: How are people actually infected? As 1
believe people get the virus on their hands
and then touch their face, eyes, or mouth. If
you are wearing personal protective equip-
ment, it must occur while doffing the equip-
ment.

Q: Could we increase the sensitivity of the test
so that we could detect the virus before the onset
of symptoms? A: In theory it may be possible.
The virus is somewhere in the body during the
incubation period. Perhaps we could sample
the right compartment in an enriched mono-
nuclear cell line.

Q: When can patients who recover resume
their normal activities? Az After their viral load
returns to 0, I would still advise abstaining
from unprotected sex and from breastfeeding
for a few months. but as for other activities, no
special precautions are needed.

Q: Does the virus appear to be mutating at a
high rate? A: Looking back to 2004, mutations
are occurring, but there is no sign that any of
these mutations has contributed to the size of
the outbreak by changing the characteristics
of the Ebola virus. Can it become aerosol-
ized? It has been suggested that the virus that
caused the outbreak separated from those that
caused past Ebola outbreaks but does not seem
to be affecting the spread or efficacy of experi-
mental drugs and vaccines. So, even though it
is an RNA virus and mutations are occurring,
no serious changes have emerged.'
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The differential diagnosis for the patient described at
the beginning of this paper includes travelers’ diar-
rhea, malaria, typhoid fever, yellow fever, meningo-

BACK TO OUR PATIENT

this is much less likely in view of the epidemiology
and incubation period of this disease. When his stool
was tested by enzyme immunoassay and culture, it
was found to be positive for Campylobacter. He

coccal disease ... and Ebola virus disease, although ~ recovered with oral rehydration. [ |
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