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Abstract

Aim Although Ebola virus infection (EVI) clinically

presents with common, prominent, gastroenterologic

manifestations, this subject has not been previously re-

viewed. This work critically and comprehensively reviews

this subject.

Methods This study is a comprehensive literature review

generated by computerized search of literature, supple-

mented by review of monographs and textbooks in

pathology, gastroenterology, infectious diseases, and

virology.

Results Common gastrointestinal manifestations include

diarrhea—70 %, nausea and vomiting—60 %, and ab-

dominal pain—45 %. The diarrhea and nausea and vom-

iting frequently produce profound, life-threatening

hypovolemia requiring intravenous administration of

crystalloid solutions, and frequently produce electrolyte

disorders requiring electrolyte supplementation. Although

gastrointestinal hemorrhage was commonly reported in

early epidemics, its frequency has decreased to 10 % with

prevention of disseminated intravascular coagulation.

Hyperamylasemia is commonly reported, but the frequency

of pancreatitis is unknown. The mean serum AST and ALT

levels are each about 200/UL, with an unusual pattern for

viral hepatitis of AST[ALT. The serum alkaline phos-

phatase averages about 160 IU/L, whereas the total

bilirubin averages about 0.8 mg/dL. Risks of contracting

infection during endoscopy performed on infected patients

are unknown, but may be significant, as indicated by

hundreds of healthcare workers contracting EVI during

epidemics before instituting strict infectious control mea-

sures and anecdotal evidence of one endoscopist contract-

ing EVI from performing endoscopy on an infected patient.

Conclusions Physicians must be vigilant for gastroen-

terologic manifestations of EVI for appropriate diagnosis

and therapy. This work should stimulate clinicopathologic

studies to improve the current understanding of the gas-

troenterologic pathophysiology. Endoscopy is currently not

standardly recommended to evaluate diarrhea, nausea and

vomiting, or abdominal pain associated with EVI due to

potential risks, but may be considered for endoscopic

therapy for active, life-threatening, GI hemorrhage.

Keywords Ebola virus � Marburg virus � Viral

infections � Gastrointestinal infections � Infectious

diarrhea � Abdominal pain � Hepatitis � Pancreatitis �
Gastrointestinal hemorrhage

Introduction

Gastrointestinal (GI) symptoms are among the earliest,

most common, and life-threatening clinical manifestations

of Ebola virus infection (EVI) [1]. Despite the current

Ebola epidemic, the critical clinical significance of its GI

manifestations, and the rapidly accumulating data on such

manifestations, a comprehensive literature search revealed
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no review on its GI manifestations. This work aims to fill

this void in the literature by critically and comprehensively

reviewing recent data on GI manifestations, patho-

physiology, and treatment. This review may help facilitate

early diagnosis, appropriate management, and prevention

of EVI, as well as stimulate research by identifying gaps in

the current knowledge of its GI manifestations.

Methods

Literature review was performed by computerized PubMed

and MEDLINE searches using key terms ‘‘Ebola’’ and

(‘‘liver’’ or ‘‘hepatitis’’ or ‘‘hepatic,’’ or ‘‘diarrhea’’ or

‘‘gastrointestinal’’ or ‘‘colon’’ or ‘‘small intestine,’’ or

‘‘amylase’’ or ‘‘pancreas’’ or ‘‘pancreatic’’ or ‘‘hyperamy-

lasemia’’ or ‘‘lipase,’’ or ‘‘abdominal pain’’ or ‘‘nausea and

vomiting,’’ or ‘‘endoscopy’’); by computerized PubMed

and MEDLINE searches using key terms ‘‘Ebola’’ and

‘‘review article’’ for publications during the past 5 years;

and by examination of standard textbooks and specialized

monographs in gastroenterology, pancreatology, virology,

and pathology. Approximately 350 identified articles were

screened, and all articles discussing the subject matter of

this review were thoroughly reviewed. Other articles were

thoroughly reviewed and incorporated into this review if

deemed relevant and assigned a high priority based on

timeliness, study techniques, study size, and data quality.

Epidemiology

Ebola virus was discovered in 1976 during an epidemic in

Zaire (now Democratic Republic of Congo, DRC) and was

named Ebola after the Ebola River, a tributary of the Zaire

(or Congo) River, near where this epidemic began [2].

Between 1976 and 2013, Ebola caused 1716 cases among

24 outbreaks [3]. The current major epidemic was initially

reported in March 2014, when the Ministry of Health in

Guinea identified a fatal infection of unknown etiology

characterized by pyrexia, vomiting, and profound diarrhea

[4, 5], followed by several other cases identified in the

Guéckédou and Macenta districts of Guinea [4]. Re-

searchers believe the outbreak began in December 2013 or

earlier [6]. The infection spread to the neighboring coun-

tries of Liberia in April 2014 and Sierra Leone in May

2014 [5]. An infected patient traveling from Liberia to

Lagos spread this infection to Nigeria in July 2014, while

an infected patient traveling from Guinea to Dakar spread

this infection to Senegal in August 2014 [7]. The infection

transmission rate has declined in Guinea, Liberia, and

Sierra Leone, and no new cases have been recently de-

tected in Senegal or Nigeria [5]. The infection spread

internationally when four cases were diagnosed in the USA

and one case was diagnosed in Spain. The World Health

Organization (WHO) declared the current epidemic an

‘‘international public health emergency’’ in August 2014

[5]. As of January 2015, 20,747 likely cases and 8235 fa-

talities have been reported during the current epidemic,

primarily among 6 countries including Guinea, Liberia,

Sierra Leone, Mali, Senegal, and Nigeria [7]. These tallies

likely represent underestimates because of exclusion of

patients cared for at home. This epidemic has significantly

affected the economies of these African countries [8].

A much smaller outbreak of EVI was reported in the

DRC in August 2014, which likely caused 66 cases, in-

cluding 49 fatalities [7]. This outbreak was believed to be

caused by a woman butchering an infected wild animal at

home. Genetic analysis has revealed that this DRC out-

break was caused by a different viral strain than that

causing the simultaneous epidemic in West Africa [7].

Virology

Ebola is a filamentous, single-stranded, RNA (ribonucleic

acid) virus. The Marburg virus is closely related viro-

logically and presents similarly clinically, but demonstrates

some epidemiological differences [9]. Both viruses to-

gether comprise the Filoviridae family, which is derived

from the Latin word ‘‘filum’’ for their filamentous structure

[10]. Three of the five known Ebola virus species (Zaire

Ebola virus, Sudan Ebola virus, and Bundibugyo Ebola

virus) have caused major epidemics in sub-Saharan Africa

and constitute, along with a single species of Marburg

virus, a major healthcare concern in sub-Saharan Africa

[10]. The Zaire Ebola virus has caused most of the reported

infections and deaths since 1976. One patient, an eth-

nologist, contracted another species of Ebola virus, Tai

Forest Ebola virus, while performing a necropsy on an

infected chimpanzee [11]. The fifth Ebola virus species,

Reston Ebola virus, occurs in the Philippines, infecting

monkeys and other primates, but not humans [12]. The

current West African epidemic is from the same viral

species of Zaire Ebola virus that produced the epidemic in

the DRC in 1976, but the strains differ from one another,

having diverged from a common ancestor [4, 13, 14].

Transmission

The natural reservoir of Ebola virus is likely fruit bats, but

is possibly rodents [10, 15]. The virus has been isolated

from asymptomatic infections in three species of fruit bats

[15]. Primates, including humans, act as end hosts. The

virus is transmitted to humans by direct contact with flesh,
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blood, or bodily secretions of infected wild animals

through activities like hunting, butchering, or eating their

raw meat [16]. The virus subsequently spreads among

humans through direct physical contact with bodily secre-

tions, blood, or skin of infected patients [17]. Primates can

also be infected in the laboratory by inoculation of droplets

containing Ebola virus directly into their mouth or eyes

[18]. Diarrhea, vomiting, and hemorrhage are frequent

clinical manifestations of EVI and supply contagious fluids

for person-to-person transmission. High viral loads, oc-

curring during late infection, increase the transmission risk

[17]. There is no clinical evidence of airborne viral trans-

mission to humans [17], but airborne transmission has

occurred in laboratory animals. The infection can be con-

tracted by embalming or ritually washing corpses of EVI

victims in preparation for funerals, as has occurred during

the current epidemic. In humans, the virus efficiently

replicates in monocytes, macrophages, Kupffer cells, den-

dritic cells, endothelial cells, hepatocytes, fibroblasts, and

adrenal gland cells [19].

Clinical Manifestations

The incubation period ranges from 2 to 21 days, with a mean

of 8–10 days [20]. Signs and symptoms usually progress

from a non-specific viral prodrome to gastrointestinal, cu-

taneous, and hemorrhagic manifestations and to multiorgan

failure and shock in the terminal stage, unless recovery su-

pervenes. The viral prodrome consists of flu-like symptoms

of fatigue, low-grade pyrexia, weakness, anorexia, head-

ache, sore throat, myalgias, and arthralgias [21].

Early Clinical Manifestations

Infected patients are generally \45 years old, consistent

with the generally young age distribution of the population in

affected African countries [22]. Men and women are ap-

proximately equally infected [22]. Pyrexia is the most

common clinical symptom/sign, occurring in 89–98 % of

cases [22–24]. The onset of pyrexia may be abrupt or pro-

ceeded by low-grade pyrexia. It is a predictor of mortality,

with higher mean daily temperatures correlated with mor-

tality [22]. Weakness, fatigue, and headache are other

prominent, early symptoms (Table 1) [22, 23, 25, 26]. Pulse

generally rises by 10 beats/min for every 1 �F rise in tem-

perature, for bacterial or viral infections. Pulse-temperature

deficit (or dissociation) occurs when a rise in temperature is

uncorrelated with a rise in pulse [27]. Pulse-temperature

deficit frequently occurs in EVI, as also occurs in typhoid

fever, yellow fever, dengue fever, malaria, and leptospirosis

[22, 27]. The underlying mechanism for this phenomenon is

unknown [28]. Patients generally present with relatively

normal systolic and diastolic blood pressures, unless ex-

hibiting severe hypovolemia [22]. Patients frequently pre-

sent with mild tachypnea and have a mean oxygen saturation

of about 96 % [22]. Patients sometimes exhibit facial or neck

edema [22]. A non-pruritic, maculopapular rash may occur

toward the end of the first week, may spread from the trunk to

the entire body except for the face, and desquamate [23]. All

these manifestations typically last for a week or less. After

this stage, either convalescence occurs or late manifestations

develop, usually leading to expiration.

As with most viral infections, leukopenia, lymphopenia,

and neutropenia are common [29]. With advanced/terminal

Table 1 Common symptoms on presentation with Ebola virus infection

Symptom Frequency (%)

A. Frequency of general/constitutional symptoms

Pyrexia 84–98

Fatigue/weakness 65–79

Headache 57–96

Symptom Epidemic in Zaire in

1976 [24] (N = 228)

Epidemic in Gabon in

1994–1997 [37]

(N = 15)

Epidemic in DRC in

1995 [26] (N = 219)

Epidemic in Sierra Leone

in 2014 [22] (N = 36)

Epidemic in Guinea in

2014 [25] (N = 37)

B. Frequency of gastrointestinal manifestations in Ebola virus infection among epidemics in five African countries

Diarrhea 79 % 87 % 74 % 61 % 62 %

Vomiting 65 % 73 % 70 % NA 7 %

Abdominal

pain

NA 7 % 56 % 46 % NA

GI

hemorrhage

43–66 % NA NA NA 9 %

A is based on: [22, 24-26]

DRC Democratic Republic of Congo, GI gastrointestinal, N number, NA not available
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disease, the patient can develop leukocytosis and neu-

trophilia from sepsis. Patients often exhibit moderate

thrombocytopenia, with platelet counts ranging from

50,000 to 100,000/ml [29]. Hypovolemia from progressive

disease may cause proteinuria, renal insufficiency, and

elevated serum blood urea nitrogen and creatinine levels

[22]. Patients commonly present with multiple electrolyte

abnormalities, especially hypokalemia, hypocalcemia, and

hyponatremia, often present with mild hypoalbuminemia,

and may develop metabolic acidosis [22].

Late Manifestations

Advanced disease is often heralded by disseminated in-

travascular coagulation (DIC), with prolonged prothrombin

and partial thromboplastin times, and elevated fibrin

degradation products. Bleeding usually occurs during late

infection, most commonly manifesting as hematemesis,

melena, or bloody stools; sometimes manifesting as cuta-

neous bleeding with petechiae, purpura, ecchymoses, or

hematomas; occasionally manifesting as bleeding from the

gums or needle puncture sites; and rarely manifesting as

epistaxis or hematuria [17, 23]. These manifestations likely

arise from DIC.

Severe tachypnea occurs terminally, secondary to res-

piratory alkalosis from primary metabolic acidosis, and

represents a poor prognostic indicator [17, 23, 30]. Hiccups

frequently occur with advanced disease and also indicate a

poor prognosis [17, 23]. Potential etiologies for hiccups

include diaphragmatic or phrenic nerve irritation from

phrenic neuritis, pancreatitis, pericarditis, esophageal irri-

tation, gastric irritation, and metabolic disorders [23, 31].

Psychoses, aggressive behavior, confusion, and anxiety can

also occur [32]. The central nervous system has never been

examined microscopically in EVI patients [33], but a study

in non-human primates demonstrated viral meningoen-

cephalitis by light microscopy and Ebola viral antigens by

immunohistochemistry [34]. Anuria, multisystem organ

failure, and shock are terminal events with expiration

usually within several days thereafter [9].

Diagnosis

Physicians should have a heightened suspicion of EVI in

patients with pyrexia or other consistent symptoms and

signs who have recently travelled to an epidemic region,

such as West or Central Africa, or were exposed to a pa-

tient with suspected infection. The differential diagnosis

also includes malaria, Lassa fever, typhoid fever,

meningococcal meningitis, and influenza. Potentially ex-

posed patients should be placed under infectious disease

precautions and tested for EVI by RT-PCR (reverse

transcription polymerase chain reaction). This test is usu-

ally very sensitive and highly specific when performed

[72 h after onset of symptoms [35]. Detecting viral pro-

teins by ELISA (enzyme-linked immunosorbent assay) is

also very accurate. IgM (immunoglobulin M) antibodies to

Ebola virus are also detectable at [3 days after infection

[36]. Viral isolation is useful for epidemiological or clin-

ical research, but is generally not practical in real-time

clinical situations, especially in countries with limited

health resources.

In the USA, local and state health departments should be

informed of patients undergoing evaluation for EVI. The

United States Centers for Disease Control has promulgated

recommendations for evaluation, infectious disease control,

and management of patients exposed to Ebola virus [29].

GI and Hepatic Manifestations

Prominent early GI symptoms include diarrhea, abdominal

pain, and nausea and vomiting (Table 1) [22, 24–26, 37].

Patients may sometimes present with sore throat and

marked odynophagia or occasionally with a globus phe-

nomenon [9, 23]. GI hemorrhage is often associated with

DIC, a late manifestation of EVI.

Diarrhea

Diarrhea is the most common GI manifestation (Table 1)

[22, 24–26, 37]. The diarrhea is typically watery and often

voluminous, as occurred in the current outbreak in Liberia

[35]. Stool output of up to 8000 ml/day has been reported

[38]. Occasionally, the diarrhea can be grossly bloody, can

consist of watery, black liquid from melena diluted with

water, or can be a reddish-brown suspension with less than

5-mm aggregates [37]. Volume loss from GI sources, in-

cluding diarrhea, nausea and vomiting, or GI bleeding, can

be profound, leading to hypovolemic shock in inadequately

resuscitated patients [30]. The hypovolemia is exacerbated

by EVI of adrenal glands: Viral RNA is evident in

adrenocortical cells, with congestion and necrosis of in-

fected cells [39]. Loss of physiologic adrenocortical

regulation of blood pressure can contribute to refractory

hypotension in infected patients. Cytokines and other

proinflammatory mediators may also contribute to the di-

arrhea and other GI symptoms [40]. The profound diarrhea

can cause severe electrolyte abnormalities, including hy-

pokalemia or hypocalcemia, and can cause acute prerenal

kidney injury. For example, one infected patient in Guinea

had a creatinine = 13.9 mg/dL and blood urea nitro-

gen = 140 mg/dL, whereas another infected patient had a

creatinine = 4.9 mg/dL and blood urea nitrogen = 73 mg/

dL [25]. Hypoperfusion from hypovolemia can cause
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metabolic acidosis with an elevated serum lactate level

[25]. These laboratory abnormalities often rapidly improve

after vigorous administration of intravenous crystalloid

fluids and correction of electrolyte disorders [25]. Diarrhea

is correlated with mortality [22, 24].

Histopathological findings include mild, mononuclear

cell infiltration in the lamina propria of gastric, small in-

testinal, and colonic mucosa, with viral antigens present in

these cells, as demonstrated by immunohistochemistry

[33]. Stool studies for fecal leukocytes, ova and parasites,

stool osmolarity, or lactoferrin levels have not been re-

ported in infected patients with diarrhea. The diarrhea is

most likely related to viral infection of GI mucosa.

Hyperamylasemia

Among 112 patients with EVI in Sudan, all 55 patients with

fatal outcomes had hyperamylasemia, with amylase levels

ranging from 100 to 300 U/L, whereas 57 surviving in-

fected patients and 11 uninfected hospitalized control pa-

tients almost never exhibited hyperamylasemia [41].

However, this difference occurred at 6–8 days after onset

of clinical manifestations of Ebola infection and not earlier;

it may therefore reflect hyperamylasemia from advanced/

terminal infection. Serum lipase levels and radiologic

imaging of the pancreas were not determined in this study.

Pancreatitis is diagnosed as a clinical syndrome consisting

of at least 2 of the following three findings: (1) typical

symptoms of abdominal pain or nausea and vomiting, (2)

hyperlipasemia or hyperamylasemia, and (3) radiologic

imaging demonstrating pancreatic or peripancreatic in-

flammation and injury. During the 1976 outbreak in Zaire,

one patient complained of severe epigastric pain radiating

to the back, relieved by leaning forward, and profound

vomiting on two consecutive days associated with hyper-

amylasemia [24]. Geisbert et al. [39] did not detect Ebola

virus in pancreatic islet cells of infected non-human pri-

mates, but Larsen et al. [34] detected viral antigens by

immunohistochemistry and demonstrated focal necrosis in

the endocrine and exocrine pancreas. Future studies, cor-

relating GI symptoms with serum lipase levels and radio-

graphic abnormalities on pancreatic imaging, are required

to determine the incidence of pancreatitis in EVI patients.

Abdominal Pain

The frequency of abdominal pain among epidemics is re-

ported in Table 1 [22, 24–26, 37]. The etiology is likely

multifactorial, including, aside from pancreatitis, poten-

tially: First, EVI of intestinal mucosa, as detected by im-

munohistochemistry (see ‘‘Diarrhea’’ section), may cause

abdominal pain [42]. Moreover, laboratory macaques with

EVI develop pathologic abnormalities including congestion

and hemorrhage of enteric mucosa and serosa, and con-

gestion of adrenal glands, spleen, and liver [34, 39].

Whether these abnormalities contribute to abdominal pain

is currently unknown. Second, bloody stools, a manifesta-

tion of enteroinvasive infections, might contribute to ab-

dominal pain [23]. Third, early (\48 h) infection of

abdominal lymph nodes, including mesenteric lymph

nodes, can cause abdominal pain. Pathologic findings in

mesenteric lymph nodes include immunopositive

mononuclear cells; extravasation of erythrocytes in sub-

capsular, cortical, and medullary sinuses; erythrophagocy-

tosis; and hemosiderosis with multiple foci of congestion

[39]. Also intestinal hypoperfusion from septic shock may

cause abdominal pain.

Nausea and Vomiting

Nausea and vomiting is common (Table 1) [22, 24–26, 37].

The etiology is unknown, but may include: First, pancre-

atitis, as aforementioned, can cause nausea and vomiting;

second, gastric mucosal viral infection, as evidenced by

mild mononuclear inflammation in gastric mucosa and vi-

ral antigens detected by immunohistochemistry [33]. Third,

elevation of serum aminotransferase levels (see ‘‘Hepatic

manifestations’’) is associated with vomiting. Fourth, ab-

normal gastric motor function has been found in some

cases of viral gastroenteritis [43], including postinfectious

gastroparesis [44], which may contribute to vomiting. For

example, a patient transferred to Hamburg, Germany, for

treatment of EVI during the current epidemic had a large

volume of gastric residuals [38]. Fifth, intestinal pseudo-

obstruction can cause vomiting. For example, abdominal

ultrasonography performed on an infected patient trans-

ferred from Sierra Leone to Hamburg, Germany, revealed

edema of the gastric, small intestinal, and large intestinal

walls and distended bowel loops, without evident intestinal

obstruction, findings consistent with pseudo-obstruction

[38].

GI Hemorrhage

EVI was initially called Ebola hemorrhagic fever because

hemorrhage, especially GI hemorrhage, was initially so

common with infection. For example, during the 1995

epidemic in Kikwit, DRC, EVI was initially clinically

misdiagnosed as bacillary dysentery because of very fre-

quent GI hemorrhage [26]. Signs of hemorrhage, primarily

from the GI tract, occurred in 52 % of 37 patients reported

in the 2001 outbreak in Gabon and DRC [45]. The term

Ebola hemorrhagic fever has recently been abandoned,

however, because the hemorrhage, including GI hemor-

rhage, is less common than previously reported. For ex-

ample, only about 10 % of patients in the current epidemic
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experienced GI hemorrhage [29]. Moreover, GI or other

hemorrhage is often a late manifestation and is associated

with DIC, as demonstrated by multiple data. First, pro-

longed prothrombin time, prolonged partial thromboplastin

time, and presence of fibrin degradation products support

the diagnosis of DIC [10]. Second, D-dimer levels, a non-

specific monitor of DIC, were elevated among 123 infected

patients during the Sudan Ebola virus outbreak in 2000

[41]. Third, in vitro studies have revealed overexpression

of tissue factors that promote DIC in virally infected

monocytes and macrophages [10, 46]. Fourth, animal

models with EVI exhibit a rapid decline in protein C levels,

consistent with widespread activation of the coagulation

system leading to overconsumption and decreased levels of

protein C during DIC [46, 47]. Fifth, elevated levels of

thrombomodulin, an anticoagulant that activates protein C,

are detected in infected patients with hemorrhagic

manifestations or fatal outcomes [48]. GI hemorrhage or

bloody diarrhea is still occasionally reported as an early

presentation [25].

Other potential contributing factors to the GI hemor-

rhage include: first, thrombocytopenia (platelet count

typically 50,000–100,000/lL) [10]; second, viral infection

of hepatocytes can cause focal hepatic necrosis [49], impair

hepatic synthesis of clotting factors, and therefore promote

hemorrhage [10]. Hepatic failure is, however, unusual with

Ebola infection, except in terminal cases. Third, electron

microscopy demonstrates viral inclusions within endothe-

lial cells, suggesting that vascular endothelial cell injury

could contribute to the hemorrhage [33]. Fourth, Geisbert

et al. [39] demonstrated marked congestion of duodenum

and cecum in infected non-human primates, whereas

Feldmann et al. [10] demonstrated a gastroduodenal lesion

and hemorrhage in the ileum in an infected patient. En-

doscopic findings have not been reported in EVI patients.

The hematocrit is typically only moderately decreased

in patients with GI hemorrrhage. For example, the mean

hematocrit was 31.2 ± 3.4 in patients with GI bleeding in

the current epidemic in Guinea [25]. However, the he-

matocrit nadir and hematocrit decline may not fully reflect

the degree of GI bleeding because of hemoconcentration

from volume depletion from concomitant diarrhea or nau-

sea and vomiting. Contrariwise, very rapid volume reple-

tion may produce an abrupt hematocrit decline from

hemodilution without GI bleeding. Ferritin, an acute-phase

reactant, is elevated in patients with hemorrhagic

manifestations, severe viremia, and fatal prognosis [48]. GI

hemorrhage is not statistically correlated with mortality

[48].

Hepatic Manifestations

Significant elevations of aspartate aminotransferase (AST)

and alanine aminotransferase (ALT) frequently occur, with

mean levels of 200–300 U/L (Table 2) [22, 37]. Values of

liver function tests for other types of viral hepatitis are

presented in Table 3 [52–64]. The mean AST and ALT

levels are highest in hepatitis B and yellow fever, inter-

mediate in EVI, and lowest in Dengue fever and hepatitis

C. Highly elevated aminotransferase values with EVI may

partly reflect severe systemic illness rather than

hepatotropic injury. In EVI, the mean alkaline phosphatase

value is about 160 U/L and total bilirubin is about 0.8 mg/

dL (Table 2). The mean total bilirubin level is much higher

Table 2 Values of serum liver function parameters in two different Ebola virus epidemics

Serum parameter of liver function Fatal cases: mean ± SD (median) Nonfatal cases: mean ± SD (median)

A. In 39 fatal cases versus 17 non-fatal cases in an epidemic in Sierra Leone in 2014

AST (normal 10–37 U/L) 793 ± 121 U/L (599 U/L) 229 ± 71 U/L (118 U/L)

ALT (normal 9–47 U/L) 257 ± 62 U/L (149 U/L) 92 ± 20 U/L (51 U/L)

Alkaline phosphatase (normal: 30–110 U/L) 265 ± 49 U/L (160 U/L) 124 ± 15 U/L (125 U/L)

Total bilirubin (normal 0.3–1.2 mg/dL) 0.91 ± .09 mg/dL (0.7 mg/dL) 0.78 ± .06 mg/dL (0.76 mg/dL)

Serum parameter of liver function Mean ± SD

B. In 39 cases of Ebola virus infection in an epidemic in Gabon in 1994–1997

AST (normal 10–37 U/L) 190.1 ± 65.9 U/L

ALT (normal 9–47 U/L) 261.5 ± 420.5 U/L

Alkaline phosphatase (normal 30–110 U/L) 189.5 ± 181.8 U/L

Total bilirubin (normal 0.3–1.2 mg/dL) 1.37 ± 0.68 mg/dL

Direct bilirubin (normal 0–0.3 mg/dL) 0.67 ± 0.60 mg/dL

Gamma glutamyl transferase (normal 8–39 U/L) 73.6 ± 83.7 U/L

Source: [22, 37]

AST aspartate aminotransferase, ALT alanine aminotransferase
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with hepatitis B, hepatitis C, and yellow fever infection

than with EVI.

With EVI, the AST[ALT, an unusual pattern for

most types of viral hepatitis [22]. However, one study

showed similar mean AST and ALT levels in patients

with EVI [37]. Hepatitis B and hepatitis C demonstrate

the usual pattern of ALT[AST. An AST/ALT ratio [2

is highly suggestive of alcoholic liver disease, though a

ratio [1 can rarely occur in chronic hepatitis and post-

necrotic cirrhosis [50, 51]. Potential explanations for the

AST[ALT with EVI include: First, the AST level may

rise from injury to cells containing AST at extrahepatic

sites, including kidney, erythrocytes, pancreas, and mus-

cle [41]. Second, alcoholics develop AST[ALT from

depletion of pyridoxal 50-phosphate [65] and mitochon-

drial injury leading to elevation of mitochondrial aspartate

[66]. Whether these mechanisms occur in EVI is un-

known. For example, whether EVI produces depletion of

pyridoxal 50-phosphate or mitochondrial injury is

unknown.

Persistently elevated liver function tests, particularly

AST, indicate a poor prognosis, whereas normalization of

liver function tests indicates convalescence and a good

prognosis [22]. Among 123 patients during the Sudan

Ebola virus epidemic in Uganda in 2000, AST was sig-

nificantly more elevated in fatal cases (mean & 900 U/L)

than in non-fatal cases (mean & 150 U/L). Elevated ALT

levels do not correlate with a poor prognosis [41]. Alkaline

phosphatase was elevated in some fatal cases (approximate

level 100–300 U/L), but was not significantly higher than

that in non-fatal cases or uninfected hospitalized controls.

Total bilirubin was generally within normal limits in fatal

cases [41]. The serum albumin level 6–8 days after the start

of EVI ranged from approximately 2–3 g/dL in fatal cases

and was significantly lower than that in non-fatal cases.

This hypoalbuminemia could reflect hepatic injury; mal-

nutrition from decreased oral intake, diarrhea, or nausea

and vomiting; or catabolism from severe systemic disease

[41]. Hepatic failure is rare [22].

Histologic hepatic abnormalities include focal-to-

widespread hepatic necrosis with nuclear fragmentation,

periportal mononuclear cell infiltration, and Kupffer cell

hypertrophy. Ultrastructural analysis demonstrated eosi-

nophilic viral inclusions, consisting of viral nucleocap-

sids, in hepatocytes and Kupffer cells. These inclusions

occur more frequently with Zaire Ebola virus [33, 39,

49]. Bile duct inflammation is absent [10, 39], a histo-

logic finding that correlates with the absence of serum

bilirubin elevation and only mild alkaline phosphatase

elevation during EVI. The lack of cholestasis or histo-

logically severe inflammation distinguishes EVI from the

viral hepatitides [67]. Gastrointestinal, hepatic, and

pancreatic manifestations of EVI are summarized in

Table 4.

Viral Persistence

The virus does not appear to cause chronic hepatitis.

Among 19 convalescent patients from the 1995 outbreak in

DRC followed for 3 months after hospital discharge, some

developed arthralgia, myalgia, orchitis, parotitis, headache,

or uveitis; but none developed signs or laboratory abnor-

malities suggestive of chronic liver disease [23, 68]. In a

study among 220 villages in Gabon, IgG antibodies against

Ebola virus were detected in 15.3 % of the population, but

seropositive patients did not manifest chronic liver disease

[69]. Evaluation of liver function tests and possibly liver

Table 3 Mean serum AST and ALT levels in various acute viral hepatic infections

Viral infection Mean AST

(normal

10–37 U/L)

Mean ALT

(normal 9–47

U/L)

Total bilirubin

(normal 0.3–1.2 mg/dL)

Comments

Dengue fever

Study 1 (N = 60) 76 U/L 37 U/L NA Virus preferentially attacks midzonal hepatic

region. Hepatic failure rarely occursStudy 2 (N = 1582) 93 U/L 86 U/L NA

Yellow fever 2766 U/L 660 U/L 5–10 mg/dL (direct

bilirubin)

Virus preferentially attacks midzonal hepatic

region. Sometimes causes fulminant hepatitis

Hepatitis B 1296 U/L 2109 U/L 9.3 mg/dL Exhibits ballooning degeneration and necrosis of

hepatocytes

Hepatitis C 73 U/L 308 U/L 5.2 mg/dL Acute cases rarely symptomatic. Early infection

shows cholestasis, while later chronic infection

shows non-specific hepatic inflammation

Based on: [52–64]

AST aspartate aminotransferase, ALT alanine aminotransferase, N number of patients
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Table 4 Summary of gastrointestinal, hepatic, and pancreatic manifestations of Ebola virus infection

Symptom frequency Characterization Clinical consequences Treatment Suspected or hypothesized

pathophysiology

Diarrhea

Extremely common:

61–79 % frequency

among epidemics

Most commonly

watery and

profuse

Hypovolemia, prerenal

azotemia, electrolyte

disturbances (e.g.,

hypokalemia,

hypocalcemia), and

nutritional depletion

Monitor volume status

Treat hypovolemia with

aggressive fluid resuscitation

with IV crystalloid solutions

Aggressively correct

electrolyte disorders.

Antibiotic therapy for

suspected, superimposed,

bacterial infections

Evidence of viral inclusions in

intestinal mucosa

Nausea and vomiting

Very common: about

65 % frequency

May contribute

significantly to

hypovolemia and

malnutrition

Consequences similar to that

for diarrhea, except that

inability to eat per os may

cause severe nutritional

depletion with consequently

attenuated defense against

viral infection and poor

healing after tissue injury

from EVI

Diagnose cause of nausea and

vomiting, especially by

checking serum lipase levels

and excluding mechanical

GI obstruction, as clinically

indicated. Treat underlying

cause of nausea and

vomiting if diagnosed, e.g.,

pancreatitis

Administer nothing per os if

vomiting is severe

Administer oral or intravenous

antiemetics, such as

promethazine

Treat hypovolemia with

aggressive fluid resuscitation

with IV crystalloid solutions

Aggressively correct

electrolyte disorders

Possibly multifactorial:

pancreatitis, EVI of

stomach, pseudo-obstruction

Abdominal pain

Average

frequency = 45 %

among epidemics

Often associated

with diarrhea or

nausea and

vomiting

Contributes to patient

morbidity

Clinical consequences depend

upon specific etiology of

abdominal pain which is

often unidentified clinically

General supportive therapy,

e.g., proton pump inhibitors.

Avoids narcotics

Workup for specific etiologies

(e.g., perform abdominal CT

scan)

Treat specific etiology of

abdominal pain if identified

(e.g., acute pancreatitis)

Etiology largely unknown.

EVI of intestinal mucosa?

EVI of mesenteric lymph

nodes?

Pancreatitis?

Etiology may be

multifactorial

Gastrointestinal bleeding

Very common in

earlier epidemics

Recently found to be

less frequent

Typically causes

mild bleeding,

with mean nadir

hemoglobin about

9 gm/dL

Now believed to be associated

with DIC occurring as a late

manifestation of EVI

Prevent advanced EVI with

aggressive, supportive

therapy

Aggressive prevention and

therapy of DIC

Late GI hemorrhage most

likely arising primarily from

DIC

Abnormal LFTs

AST and ALT level

typically about

200–300 U/L, with

AST[ALT

High AST and ALT

may reflect

advanced

infection with

disseminated viral

infection of liver

Highly elevated AST and

ALT levels are strongly

associated with mortality

Prevent advanced EVI with

appropriate supportive

measures

Very high mortality once

serum AST and ALT levels

become highly elevated

Likely due to EVI of

hepatocytes
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biopsy in convalescent patients would be necessary to

demonstrate chronic hepatitis or cirrhosis after acute EVI.

Transmission Prevention

EVI is highly contagious [70]. The basic reproduction

number (i.e., the expected number of secondary cases

produced by an infected individual) [71] is 1.50–2.53 for

the current epidemic [70]. The high risk of transmission

without strict infectious control measures is emphasized by

the hundreds of doctors and nurses who contracted and

died from EVI during the early phase of the 2014 epidemic

in West Africa. Blood and other bodily fluids including

feces, vomit, sweat, saliva, and urine are considered in-

fectious. Diarrhea, vomiting, and GI hemorrhage, there-

fore, increase the risk of transmission. Risk of transmission

from fomites or secretions from convalescent patients is

low [72].

The WHO has promulgated recommendations for in-

fection prevention and control [73]. Strict sanitary mea-

sures, like hand hygiene and personal protective equipment

(PPE) for healthcare workers, are critical to control infec-

tion and prevent transmission. PPE includes gloves, im-

permeable gown, impermeable boots, mask, and eye

protection. PPE should be worn upon entry to the isolation

room, prior to patient contact. Standard precautions for all

healthcare workers include hand hygiene, by rubbing the

hands with dilute alcohol wipes or washing the hands with

soap and running water, prior to donning gloves, after

contact with potentially contaminated surfaces, items, or

equipment and after removal of PPE.

Environmental cleaning and waste disposal are crucial

as feces and vomitus are potentially infectious. Janitors

cleaning contaminated rooms should use heavy duty, rub-

ber gloves. Contaminated surfaces should be promptly

cleaned and disinfected with standard hospital disinfectant,

such as 0.5 % chlorine solution. Potentially exposed sur-

faces should be cleaned at least once daily with soap and

water. Linen soiled with feces or vomit should be placed in

leak proof bags and transported to laundry, soaked in

0.05 % chlorine for 30 min, and washed in detergent and

water.

Precautions for GI Endoscopy

Diagnosis and treatment of GI manifestations are limited

by the significant risk of transmission during invasive

procedures as evident during multiple epidemics. For

example, laparotomy performed at Kikwit General

Hospital, DRC, on a laboratory technician in April 1995

for suspected abdominal perforation from typhoid re-

vealed no perforation, but the patient developed worsen-

ing abdominal pain postoperatively. Repeat laparotomy

revealed diffuse abdominal bleeding, and the patient

Table 4 continued

Symptom frequency Characterization Clinical consequences Treatment Suspected or hypothesized

pathophysiology

Hyperamylasemia

Very common:

hyperamylasemia

(level 100–300 IU/

L) in one large study

of patients with fatal

EVI [41]

Etiology unknown?

Is this sometimes

due to acute

pancreatitis?

Unknown. Could the

hyperamylasemia be

associated with abdominal

pain and nausea and

vomiting that very

frequently occurs with EVI

and therefore arises from

pancreatitis?

Supportive therapy to treat

hypovolemia, electrolyte

disorders, and malnutrition

from nausea and vomiting

Prevention of nausea and

vomiting with antiemetics

Acute pancreatitis? Need to

check lipase levels which

are more specific than

amylase level for

pancreatitis and correlate

laboratory abnormality with

the presence of symptoms of

abdominal pain and nausea

and vomiting to diagnose

pancreatitis. Also need to

perform radiologic imaging

of pancreas

Other

Weight loss/

nutritional

deficiency

Potential laboratory

manifestations:

leukopenia,

lymphopenia, and

hypoalbuminemia

Catabolic state potentially

resulting in attenuated

immunologic defense

against EVI and poor

healing after tissue injury

from EVI

Supportive therapy. Consider

aggressive nutritional

therapy to reverse tissue

catabolism, including

possibly hyperalimentation

when nutritional deficiency

is severe and prolonged

Fluid, protein, and electrolyte

loss from vomiting and

diarrhea. Decreased per oral

intake because of anorexia

and vomiting

AST aspartate aminotransferase, ALT alanine aminotransferase, EVI Ebola virus infection, IV intravenous, DIC disseminated intravascular

coagulation, LFTs liver function tests
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expired 2 days later. Several days later, surgeons and

nurses participating in the surgery developed EVI as

confirmed by diagnostic serology [26]. Similarly, a

physician developed signs and symptoms of EVI after

performing endoscopy on an infected patient during the

1996 epidemic in Gabon. The diagnosis was not sero-

logically confirmed because the doctor left to Johannes-

burg for treatment, but the nurse who took care of the

sick doctor also became ill and died in November 1996

[37]. The decline in nosocomial transmission after

education and training about protective equipment [26]

reinforces the importance of barrier protection for

healthcare workers to prevent transmission, by establish-

ing a physical barrier with patient isolation and protective

equipment worn by healthcare workers [74].

The American College of Surgeons recommends a

protocol for surgery performed on suspected or confirmed

cases that should pertain to GI endoscopy [75]. In addi-

tion to standard precautions, operating room personnel

should wear an impervious surgical gown, leg coverings

with plastic film lining the entire fabric, surgical helmet

or long plastic face shield, fluid-resistant surgical mask or

N95 mask, double layer of gloves, and cape style im-

pervious hoods. During endoscopic procedures, the GI

tract should be deflated by aspirating air and fluid before

opening ports to avoid back-spray of potentially con-

taminated material. Elective endoscopy should be de-

ferred or avoided in cases of suspected or confirmed

infections. Open surgery should be substituted for endo-

scopic surgery whenever possible. Emergency endoscopic

procedures should be considered as necessary, e.g.,

therapeutic endoscopy for active upper GI bleeding. En-

doscopy, however, is generally contraindicated in the

presence of a severe coagulopathy, especially from DIC.

Endoscopy guidelines remain tentative, however, because

of minimal data.

Treatment

Patients with EVI should be treated in specially designated

hospitals equipped with isolation rooms and employing

specially trained physicians and nurses wherever possible.

Supportive therapy remains the mainstay of treatment, in

the absence of specific antiviral therapy and vaccines.

Treatment of GI symptoms and their complications can be

lifesaving. First, oral antiemetics and antidiarrheal therapy

early in infection can prevent profound fluid loss, dehy-

dration, and shock and decrease transmission through

control of diarrhea and vomiting [35]. Promethazine is a

commonly prescribed antiemetic [76]. Second, fluid re-

suscitation is critical to prevent prerenal azotemia, acute

tubular necrosis, and hypovolemic shock. In the current

epidemic in Liberia, hypovolemic patients who could take

care of themselves were encouraged to drink oral rehy-

dration solutions due to limited healthcare resources, but

patients who were unable to take care of themselves were

administered intravenous crystalloid, such as normal sal-

ine, Ringer’s lactate, or half-normal saline with 5 % dex-

trose and potassium chloride [35, 77]. Fluid losses should

ideally be strictly monitored to guide fluid replacement

therapy. Serum BUN and creatinine levels and urinary

sodium levels may help assess the fluid status. Central

venous pressure monitoring and a Foley catheter can help

guide fluid repletion. Central venous catheters permit ag-

gressive intravenous rehydration, as documented in pa-

tients treated in the USA and Hamburg, Germany [38, 77].

Invasive blood pressure monitoring and continuous pulse

oximetry may be necessary for critically ill patients. Third,

correction of electrolyte abnormalities is vital, as sudden

deaths, most likely from cardiac arrhythmias, have oc-

curred [35]. Point-of-care machines can be used for in-

stantaneous laboratory testing in countries which lack

adequate central laboratory facilities because of inadequate

financial resources [25]. Hypokalemia commonly occurs

[38], most likely from gastrointestinal loss and inadequate

intake. Aggressive replacement is critical; up to 8–10 m-

mol of intravenous potassium chloride has been adminis-

tered [38]. Hypocalcemia also frequently occurs, and

supplementation with oral or intravenous calcium is nec-

essary [77]. Among patients infected with Sudan Ebola

virus, calcium levels were significantly lower in fatal cases,

with levels \5 mg/dL 6–8 days after onset [41]. Fourth,

dyspepsia or epigastric pain is frequently treated with

aluminum hydroxide, cimetidine, ranitidine, or omeprazole

[76]. Fifth, nutritional supplementation is essential. In a

resource-limited environment, nutrition is limited to intra-

venous fluids and electrolytes [35]. But if resources are

available, parenteral nutrition or, if tolerated, enteral

feeding with formula can be administered [38]. Sixth, an-

tibiotics, such as amoxicillin, ciprofloxacin, cotrimoxazole,

or cefixime, are often empirically administered for sus-

pected gastrointestinal infections [76]. For example, a pa-

tient was administered menopenem for gram-negative

septicemia secondary to peritonitis [38]. Empiric antibiotic

therapy should provide adequate coverage for gram-nega-

tive pathogens, in the absence of a definitively identified

pathogen. Seventh, endoscopic interventions to control GI

hemorrhage have not been documented with this disease.

Whole blood or packed erythrocytes are transfused as re-

quired for GI hemorrhage [77]. Platelets and fresh frozen

plasma can be transfused to correct coagulopathies [46,

48]. Resolution of gastrointestinal symptoms for 3 days

and a negative RNA PCR were the discharge criteria for

hospitalized patients in Liberia during the 2014 epidemic

[35].
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Outcome

Mortality ranges from 45 to 90 % for Zaire Ebola virus, the

most virulent species [78]. Mortality is significantly higher

in patients[45 years old [22, 25]. Mortality is similar for

males versus females [22, 25]. In a study of 37 patients,

mortality was not significantly higher in patients with

coexistent chronic medical conditions including hyperten-

sion, human immunodeficiency virus infection, renal in-

sufficiency, tuberculosis, or diabetes [25].

Study Limitations

This review is subject to limitations. First, it is limited by a

lack of prospective, systematic, clinicopathological studies

that create a profound void in the current understanding of

the pathophysiology of GI manifestations, especially in the

correlation between clinical GI presentation and patho-

logical findings. Most published studies are retrospective

and were performed in difficult circumstances in hospitals

with limited financial resources and lacking sophisticated

medical technology. For example, only one case has been

reported of endoscopy for GI hemorrhage in the setting of

EVI [37]. This severely limits knowledge about the site and

etiology of bleeding GI lesions. Furthermore, there is only

one single report about safety of performing endoscopy on

EVI patients [37]. This deficiency limits the reliability of

currently proposed clinical recommendations. Thus, rec-

ommendations regarding endoscopy in EVI patients are

limited to clinical common sense and expert opinion in the

absence of clinical data.

This weakness, however, also constitutes a strength.

This review demonstrates major current deficiencies in

clinicopathologic data on GI manifestations, as enumerated

in Table 5, which should stimulate further gastroentero-

logic studies. Another limitation is that the authors have

expertise in gastroenterology and hepatology, but are not

infectious disease specialists. The authors, however, lim-

ited this weakness by focusing on GI and hepatic

manifestations rather than the virology of EVI.

Future Trends

ZMapp, a combination of humanized monoclonal anti-

bodies against the Ebola virus surface glycoprotein, suc-

cessfully reversed advanced infection in 100 % of infected

rhesus macaques in one experimental study [79]. Of seven

patients who received this drug emergently during the

current epidemic, five survived and two died [77]. The US

government has contracted with Mapp Biopharmaceutical,

Table 5 Important current unknowns about gastrointestinal, hepatic, and pancreatic manifestations of Ebola virus infection

Clinical

presentation

Limitations of current literature Consequent deficiencies in current knowledge

Diarrhea No systematic, quantitative stool studies of stool

electrolytes, stool volume, etc. No endoscopic studies of

colonic findings. Minimal pathologic data

Pathophysiology of the diarrhea poorly characterized

Hyperamylasemia One large study showed that hyperamylasemia frequently

occurs in patients with fatal outcomes, but no data on

important question of whether these patients clinically had

pancreatitis

Incidence of pancreatitis in EVI not known. Theoretically,

pancreatitis could underlie the frequent presentation of

patients with EVI with abdominal pain and nausea and

vomiting

Abdominal pain Noted as a frequent symptom, but etiology rarely reported.

Lack of radiologic studies to diagnose causes of abdominal

pain

Pathology, pathophysiology, and etiology of abdominal pain

with EVI largely unknown

Nausea and

vomiting

Noted as a frequent symptom but etiology rarely reported Pathology, pathophysiology, and etiology of nausea and

vomiting with EVI largely unknown

Gastrointestinal

hemorrhage

Only one reported case of endoscopy performed in a patient

with EVI

Minimal data on etiology of gastrointestinal hemorrhage.

Minimal endoscopic or pathologic studies. The

hemorrhage may result from DIC

Only one case reporting risks of performing endoscopy on

EVI patients

Hepatic injury Several studies of patterns of liver function tests in EVI, but

minimal data on pathology and imaging findings of liver in

EVI

Minimal pathologic data correlating pattern of liver function

test values and liver injury. Little data on pathophysiology

of liver injury in EVI (although virus known to invade

hepatocytes and Kupffer cells)

Malnutrition Malnutrition from EVI clinically appreciated but largely

unstudied

Almost no data on this subject despite its clinical importance

in promoting recovery from EVI

EVI Ebola virus infection
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a Californian pharmaceutical company, to accelerate its

development [80]. The company will produce a limited

quantity of this drug for clinical trials, to assess efficacy

and safety. Blood transfusions from convalescent donors

who survived EVI have been administered in past and

current epidemics [77, 81], but their efficacy is currently

undetermined, pending an ongoing clinical trial. Seven of 8

patients transfused with convalescent sera in 1995 sur-

vived, but this promising result was confounded by better

quality of care administered to these patients [81]. Re-

combinant human activated protein C and postexposure

prophylaxis with recombinant nematode anticoagulant

protein C2 have improved survival in non-human primates

[82, 83]. Ribavirin has shown no efficacy for Ebola and

Marburg virus, even though it was beneficial in Crimean

Congo hemorrhagic fever [84]. TKM-Ebola, an antiviral

compound that binds and blocks short sequences of Ebola

viral messenger RNA, was found to be effective in

laboratory mice and primates experimentally infected with

Ebola, but was placed on partial hold during a phase I

clinical trial by the United States Food and Drug Admin-

istration (FDA) in 2014 because of concerns regarding side

effects of flu-like symptoms and hypotension [38]. Doctors

without Borders, a humanitarian physician organization,

has initiated open, uncontrolled, clinical trials of two drugs

in collaboration with pharmaceutical companies, including

favipiravir, a nucleoside analogue that inhibits replication

of numerous RNA viruses including influenza virus and

prevents death in laboratory mice experimentally infected

with Zaire Ebola virus [85], and brincidofovir, an acyclic

nucleotide analogue with efficacy against Ebola virus

in vitro and against DNA viral infections [26, 86].

There is no effective vaccine presently available for hu-

mans. A vesicular stomatitis virus-based vaccine expressing

Ebola viral glycoprotein has shown efficacy in animal

studies [87, 88], but has been inadequately tested in humans.

Conflict of interest This paper does not discuss any confidential

pharmaceutical data reviewed by Dr. Cappell as a consultant for the

United States Food and Drug Administration (FDA) Advisory Com-

mittee on Gastrointestinal Drugs.

References

1. Fowler RA, Fletcher T, Fischer WA 2nd, et al. Caring for

critically ill patients with Ebola virus disease. Perspectives from

West Africa. Am J Respir Crit Care Med. 2014;190:733–737.

doi:10.1164/rccm.201408-1514CP.

2. Kuhn JH, Becker S, Ebihara H, et al. Proposal for a revised

taxonomy of the family filoviridae: classification, names of taxa

and viruses, and virus abbreviations. Arch Virol. 2010;155:

2083–2103. doi:10.1007/s00705-010-0814-x.

3. World Health Organization. Ebola virus disease: fact sheet No.

103, Updated September 2014. http://www.who.int/mediacentre/

factsheets/fs103/en/. Accessed on January 27, 2015.

4. Baize S, Pannetier D, Oestereich L, Rieger T, Koivogui L, Ma-

gassouba N. Emergence of Zaire Ebola virus disease in Guinea. N

Engl J Med. 2014;371:1418–1425. doi:10.1056/NEJMoa1404505.

5. WHO Ebola Response Team. Ebola virus disease in West Africa:

the first 9 months of the epidemic and forward projections.NEngl J

Med. 2014;371:1481–1495. doi:10.1056/NEJMoa1411100.

6. Briand S, Bertherat E, Cox P, Formenty P, Kieny MP, Myhre JK.

The international Ebola emergency. N Engl J Med. 2014;371:

1180–1183. doi:10.1056/NEJMp1409858.

7. World Health Organization. Ebola situation report: 14 January

2015. http://www.who.int/csr/disease/ebola/situation-reports/en/.

Accessed January 14, 2015.

8. Anonymous. Ebola: economic impact already serious; Could be

‘‘Catastrophic’’ without swift response. The World Bank News.

www.worldbank.org/en/news/press-release/2014/09/17/ebola-eco

nomic-impact-serious-catastrophic-swift-response-countries-inter

national-community-world-bank.

9. Nkoghe D, Leroy EM, Toung-Mve M, Gonzalez JP. Cutaneous

manifestations of filovirus infections. Int J Dermatol.

2012;51:1037–1043. doi:10.1111/j.1365-4632.2011.05379.x.

10. Feldmann H, Geisbert TW. Ebola haemorrhagic fever. Lancet.

2011;377:849–862. doi:10.1016/S0140-6736(10)60667-8.

11. Formenty P, Hatz C, Le Guenno B, Stoll A, Rogenmoser P,

Widmer A. Human infection due to Ebola virus, subtype Cote

D’ivoire: clinical and biologic presentation. J Infect Dis.

1999;179:S48–S53. doi:10.1086/514285.

12. Miranda ME, Ksiazek TG, Retuya TJ, et al. Epidemiology of

Ebola (subtype reston) virus in the Philippines, 1996. J Infect Dis.

1999;179:S115–S119. doi:10.1086/514314.

13. Breman JG, Johnson KM. Ebola then and now. N Engl J Med.

2014;371:1663–1666. doi:10.1056/NEJMp1410540.

14. Baden LR, Kanapathipillai R, Campion EW, Morrissey S, Rubin

EJ, Drazen JM. Ebola—an ongoing crisis. N Engl J Med.

2014;371:1458–1459. doi:10.1056/NEJMe1411378.

15. Leroy EM, Kumulungui B, Pourrut X, et al. Fruit bats as reser-

voirs of Ebola virus. Nature. 2005;438:575–576.

16. Centers for Disease Control and Prevention (CDC). Facts about

bushmeat and Ebola. http://www.cdc.gov/vhf/ebola/pdf/bush

meat-and-ebola.pdf. Accessed January 25, 2015.

17. Dowell SF, Mukunu R, Ksiazek TG, Khan AS, Rollin PE, Peters

CJ. Transmission of Ebola hemorrhagic fever: a study of risk

factors in family members, Kikwit, Democratic Republic of the

Congo, 1995. Commission de lutte contre les epidemies a Kikwit.

J Infect Dis. 1999;179:S87–S91. doi:10.1086/514284.

18. Jaax NK, Davis KJ, Geisbert TJ, et al. Lethal experimental in-

fection of rhesus monkeys with Ebola-Zaire (Mayinga) virus by

the oral and conjunctival route of exposure. Arch Pathol Lab

Med. 1996;120:140–156.

19. Ansari AA. Clinical features and pathobiology of Ebola virus in-

fection. J Autoimmun 2014;55:1–9. doi: 10.1016/j.jaut.2014.09.001.

20. Centers for Disease Control and Prevention. Ebola virus disease:

signs and symptoms. http://www.cdc.gov/vhf/ebola/symptoms/

index.html. Accessed November 10, 2014.

21. Goeijenbier M, van Kampen JJ, Reusken CB, Koopmans MP, van

Gorp EC. Ebola virus disease: a review on epidemiology,

symptoms, treatment and pathogenesis. Neth J Med. 2014;72:

442–448.

22. Schieffelin JS, Shaffer JG, Goba A, et al. Clinical illness and

outcomes in patients with Ebola in Sierra Leone. N Engl J Med.

2014;371:2092–2100. doi:10.1056/NEJMoa1411680.

23. Bwaka MA, Bonnet MJ, Calain P, et al. Ebola hemorrhagic fever

in Kikwit, Democratic Republic of the Congo: clinical observa-

tions in 103 patients. J Infect Dis. 1999;179:S1–S7. doi:10.1086/

514308.

24. Anonymous. Ebola haemorrhagic fever in Zaire, 1976. Bull.

World Health Organ. 1978;56:271–293.

Dig Dis Sci (2015) 60:2590–2603 2601

123

http://dx.doi.org/10.1164/rccm.201408-1514CP
http://dx.doi.org/10.1007/s00705-010-0814-x
http://www.who.int/mediacentre/factsheets/fs103/en/
http://www.who.int/mediacentre/factsheets/fs103/en/
http://dx.doi.org/10.1056/NEJMoa1404505
http://dx.doi.org/10.1056/NEJMoa1411100
http://dx.doi.org/10.1056/NEJMp1409858
http://www.who.int/csr/disease/ebola/situation-reports/en/
http://www.worldbank.org/en/news/press-release/2014/09/17/ebola-economic-impact-serious-catastrophic-swift-response-countries-international-community-world-bank
http://www.worldbank.org/en/news/press-release/2014/09/17/ebola-economic-impact-serious-catastrophic-swift-response-countries-international-community-world-bank
http://www.worldbank.org/en/news/press-release/2014/09/17/ebola-economic-impact-serious-catastrophic-swift-response-countries-international-community-world-bank
http://dx.doi.org/10.1111/j.1365-4632.2011.05379.x
http://dx.doi.org/10.1016/S0140-6736(10)60667-8
http://dx.doi.org/10.1086/514285
http://dx.doi.org/10.1086/514314
http://dx.doi.org/10.1056/NEJMp1410540
http://dx.doi.org/10.1056/NEJMe1411378
http://www.cdc.gov/vhf/ebola/pdf/bushmeat-and-ebola.pdf
http://www.cdc.gov/vhf/ebola/pdf/bushmeat-and-ebola.pdf
http://dx.doi.org/10.1086/514284
http://dx.doi.org/10.1016/j.jaut.2014.09.001
http://www.cdc.gov/vhf/ebola/symptoms/index.html
http://www.cdc.gov/vhf/ebola/symptoms/index.html
http://dx.doi.org/10.1056/NEJMoa1411680
http://dx.doi.org/10.1086/514308
http://dx.doi.org/10.1086/514308


25. Bah EI, Lamah MC, Fletcher T, et al. Clinical presentation of

patients with Ebola virus disease in Conakry, Guinea. N Engl J

Med. 2015;372:40–47. doi:10.1056/NEJMoa1411249.

26. Khan AS, Tshioko FK, Heymann DL, et al. The reemergence of

Ebola hemorrhagic fever, Democratic Republic of the Congo,

1995. Commission de lutte contre les epidemies a Kikwit. J Infect

Dis. 1999;179:S76–S86. doi:10.1086/514306.

27. Cunha BA. The diagnostic significance of relative bradycardia in

infectious disease. Clin Microbiol Infect. 2000;6:633–634.

28. Ostergaard L, Huniche B, Andersen PL. Relative bradycardia in

infectious diseases. J Infect. 1996;33:185–191.

29. Centers for Disease Control and Prevention. Ebola virus disease

information for clinicians in U. S. healthcare settings. http://

www.cdc.gov/vhf/ebola/hcp/clinician-information-us-healthcare-

settings.html. Accessed January 16, 2015.

30. Fletcher TE, Fowler RA, Beeching NJ. Understanding organ

dysfunction in Ebola virus disease. Intensive Care Med.

2014;40:1936–1939. doi:10.1007/s00134-014-3515-1.

31. Sureau PH. Firsthand clinical observations of hemorrhagic

manifestations in Ebola hemorrhagic fever in Zaire. Rev Infect

Dis. 1989;11:S790–S793.

32. Kuhn JH, Calisher CH. Filoviruses. A compendium of 40 years

of epidemiological, clinical, and laboratory studies. New York:

Springer Wien; 2008.

33. Martines RB, Ng DL, Greer PW, Rollin PE, Zaki SR. Tissue and

cellular tropism, pathology and pathogenesis of Ebola and Mar-

burg viruses. J Pathol. 2015;235:153–174. doi:10.1002/path.

4456.

34. Larsen T, Stevens EL, Davis KJ, Geisbert JB, Daddario-DiCaprio

KM, et al. Pathologic findings associated with delayed death in

nonhuman primates experimentally infected with Zaire Ebola

virus. J Infect Dis. 2007;196:S323–S328.

35. Chertow DS, Kleine C, Edwards JK, Scaini R, Giuliani R, Sprecher

A. Ebola virus disease in West Africa—clinical manifestations and

management. N Engl J Med. 2014;371:2054–2057. doi:10.1056/

NEJMp1413084.

36. Rowe AK, Bertolli J, Khan AS, et al. Clinical, virologic, and

immunologic follow-up of convalescent Ebola hemorrhagic fever

patients and their household contacts, Kikwit, Democratic

Republic of the Congo. Commission de Lutte contre les Epidé-
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