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Macrophage Activation Marker
Soluble CD163 Associated with
Fatal and Severe Ebola Virus
Disease in Humans1
Anita K. McElroy, Punya Shrivastava-Ranjan, Jessica R. Harmon, Roosecelis B. Martines,
Luciana Silva-Flannery, Timothy D. Flietstra, Colleen S. Kraft, Aneesh K. Mehta, G. Marshall Lyon,
Jay B. Varkey, Bruce S. Ribner, Stuart T. Nichol, Sherif R. Zaki, Christina F. Spiropoulou

Ebola virus disease (EVD) is associated with elevated cytokine levels, and hypercytokinemia is more pronounced in
fatal cases. This type of hyperinflammatory state is reminiscent of 2 rheumatologic disorders known as macrophage
activation syndrome and hemophagocytic lymphohistiocytosis, which are characterized by macrophage and T-cell
activation. An evaluation of 2 cohorts of patients with EVD
revealed that a marker of macrophage activation (sCD163)
but not T-cell activation (sCD25) was associated with severe and fatal EVD. Furthermore, substantial immunoreactivity of host tissues to a CD163-specific antibody, predominantly in areas of extensive immunostaining for Ebola virus
antigens, was observed in fatal cases. These data suggest
that host macrophage activation contributes to EVD pathogenesis and that directed antiinflammatory therapies could
be beneficial in the treatment of EVD.

E

bola virus (EBOV) disease (EVD) in humans is frequently severe and accompanied by fever, signs of
endothelial dysfunction, coagulopathy, shock, and multisystem organ dysfunction. Data from nonhuman primate
models and human autopsy cases suggest that EVD severity is not a direct effect of tissue damage resulting from destruction of infected cells because only foci of necrosis are
observed (1,2). Therefore, a dysregulated immune response
has been hypothesized to contribute to disease severity. The
elevated levels of inflammatory cytokines and chemokines
(e.g., interleukin [IL] 6, IL-8, macrophage inflammatory
protein 1α and 1β, monocyte chemoattractant protein 1, and
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macrophage colony-stimulating factor) and immunomodulatory cytokines (e.g., IL-10 and IL-1 receptor antagonist)
in fatal EVD cases certainly support this hypothesis (3–7).
Hypercytokinemia accompanied by severe clinical disease
seen in EVD is reminiscent of what has been described for
macrophage activation syndrome (MAS) and hemophagocytic lymphohistiocytosis (HLH). The similarities between
EVD and HLH have not gone unnoticed by other clinicians; a group in the Netherlands has published an opinion
piece suggesting a connection between the 2 diseases (8).
HLH can occur as a primary genetic disorder or a
secondary consequence of another medical condition, including infection (9). Secondary, virus-associated HLH is
most commonly reported after Epstein-Barr virus (EBV)
infection, and even though EBV infection is exceedingly
common (seroprevalence in adults 80%–90%) (10), development of EBV-associated HLH is still a rare event, estimated at 0.4 cases/1 million population (9). Other hemorrhagic fever viruses, such as Crimean-Congo hemorrhagic
fever virus (11) and dengue virus (12), have also been reported to trigger HLH.
MAS is considered a subgroup of HLH that is more
commonly seen in patients with underlying systemic juvenile idiopathic arthritis. However, laboratory findings in
both disorders are similar and include cytopenias of several
cell types; elevated transaminases, soluble IL-2 receptor
(sIL-2R), triglycerides, ferritin, soluble CD163 (sCD163),
prothrombin time, partial thromboplastin time, and D-dimer; and low fibrinogen (13).
These MAS markers have been examined in patients
with dengue. Elevated sCD163 and ferritin were associated
with severe dengue, and sIL-2R was elevated in patients
with dengue but did not distinguish between patients with
severe dengue and dengue fever (14). Dengue-infected
Preliminary results from this study were presented at the
American Association of Immunology annual meeting, May 4-8,
2018, Austin, Texas, USA.
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patients also had decreased monocyte-associated CD163
compared with healthy controls, consistent with the increase in sCD163 observed in their serum.
The proliferation and activation of macrophages and
T cells and their secretion of proinflammatory cytokines
has been proposed to contribute to the pathogenesis of both
HLH and MAS. In addition, activated macrophages are
sometimes noted to phagocytose erythrocytes, hence the
term hemophagocytosis (13).
T-cell activation during acute EVD is significantly
increased (15). EBOV interactions with T cells in vitro through T-cell immunoglobulin and mucin domain 1
(TIM-1) can promote a cytokine storm (16), and EBOV
can activate macrophages in vitro though the toll-like receptor (TLR) 4 pathway (17). In an effort to determine if
macrophage or T-cell activation–mediated mechanisms of
pathogenesis (similar to those reported for MAS and HLH)
could be contributing to EVD pathogenesis, we evaluated
for the inflammatory markers present in MAS and HLH in
2 cohorts of patients with EVD.
Methods
We conducted all work with human samples under approved
institutional review board protocols CDC IRB 1652, CDC
IRB 6341, CDC IRB 6643, and Emory IRB00076700. Before analysis, we γ-irradiated all plasma samples with 5
× 104 Gy. We measured triglyceride levels using the Triglycerides Enzymatic Assay (XpressBio, https://xpressbio.
com) according to the manufacturer’s instructions. We
measured fibrinogen, ferritin, and sIL-2R as part of a multiplex immunoassay using methods previously described
(3,18) and sCD163 using the Human CD163 Quantikine
ELISA Kit (R&D Systems, https://www.rndsystems.com).
We obtained formalin-fixed paraffin-embedded sections of liver, heart, spleen, and testicle specimens from
humans who died of EVD, specimens that were obtained
from and previously evaluated by the Centers for Disease
Control and Prevention (CDC; Atlanta, Georgia, USA) (2).
We performed immunohistochemical stains with a mouse
monoclonal antibody against CD163 (clone 10D6, dilution 1:50; Leica Biosystems, https://www.leicabiosystems.
com) and polyclonal rabbit antibody against EBOV antigen
(dilution 1:1,000; CDC) (19,20). We deparaffinized sections in xylene and rehydrated in a graded ethanol series.
For double-stained assays, we used the EnVision G|2 Doublestain System, Rabbit/Mouse (DAB+/Permanent Red)
(Dako, https://www.agilent.com/en-us/dako-products) and
incubated with the CD163 monoclonal antibody and then
the EBOV antibody. We performed all assays according
to the manufacturers’ guidelines. We used 3,3′-diaminobenzidine (DAB) as the chromogen for the monoclonal
antibody against CD163 and permanent red as the chromogen for the polyclonal antibody against EBOV. Negative

control samples comprised sequential tissue sections obtained from EVD patients that were incubated with normal
mouse serum stained in parallel. Also, as another control,
we double-stained heart, liver, spleen, and testicle specimens from patients who died of noninfectious etiologies.
We compared biomarker levels between fatal and nonfatal cases using a previously described statistical analysis
(3). In brief, we conducted an analysis of variance with use
of the Bonferroni inequality and Bejamini and Hochberg
false-discovery rate method to correct for multiple testing.
Then, we performed model selection using stepwise regression to determine if biomarkers were significantly associated with death at the various time intervals. We performed
posthoc Student t-tests for each time interval to determine
statistical significance between fatal and nonfatal groups
for each analyte.
Results
We compared the laboratory features of EVD with those
common in MAS and HLH, including those apart from the
MAS and HLH formal diagnostic criteria (21–23). Cytopenia of erythrocytes, platelets, or neutrophils are common in
both MAS and HLH (Table) (13). Complete blood counts
(with or without differentials) have not been performed with
substantial numbers of patients with EVD, with the exception of 2 reports: 1 report on patients cared for in tertiary
care settings during the West Africa outbreak (24) and 1 report including >100 patients treated during the West Africa
outbreak (25). Anemia to the degree seen in HLH does not
appear to be common in patients with EVD. In fact, in the
large cohort from West Africa, hemoconcentration, rather
than anemia, was associated with fatal outcomes (25). Few
patients with EVD have thrombocytopenia <100 × 103/mL,
and in the West Africa cohort, thrombocytopenia was more
common in survivors. Neutropenia has been rarely seen
in patients with EVD, and neutrophilia, not neutropenia,
was associated with fatal outcomes in patients with EVD
in West Africa. Neutrophilia could reflect the presence of a
complicating secondary bacteremia that has been reported
in patients with EVD (29). Therefore, the degrees of cytopenia seen in patients with EVD are more similar to those
of MAS than HLH (Table).
A fasting hypertriglyceridemia and hypofibrinogenemia are often seen in HLH and MAS (Table) (23). Triglyceride levels had not been previously reported for EVD,
so we measured them in plasma samples from EVD patients in 2 previously reported groups: 86 persons infected
with Sudan virus (SUDV) during an outbreak in Gulu,
Uganda, during 2000–2001 (3) (Figure 1, panel A) and 4
persons infected with EBOV treated at Emory University
Hospital (Atlanta, Georgia, USA) in 2014 who survived
(Figure 1, panel B) (18). Triglyceride levels were >250 mg/
dL in severely ill patient EVD9, and in the SUDV-infected
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Table. Laboratory findings of patients with MAS, HLH, or EVD and their association with fatal EVD outcomes*
MAS diagnostic HLH diagnostic
Associated with
Laboratory finding
value
value
EVD
fatal EVD outcome
Cytopenia
–
>2 cell types
Anemia, g/dL
–
<9
Rarely
No
Thrombocytopenia, x 103/mL
<181
<100
Sometimes
No
Neutropenia, cells/mL
–
<1,000
Rarely
No
Hyperferritinemia, ng/mL
>684
>500
Yes
Yes
Hypofibrinogenemia, mg/dL
<360
<150
Sometimes
Unknown
Hypertriglyceridemia, mg/dL
>156
>265
Sometimes
Yes
sIL-2R (sCD25), U/mL
–
>2,400
Yes
No
Low or absent NK cell activity
–
–
Yes
Yes
Hemophagocytosis in BM, spleen, or LN
–
–
None reported
Soluble CD163
–
–
Yes
Yes
Elevated AST/ALT, U/L
>48
–
Yes
Yes
Elevated D-dimer
–
–
Yes
Yes

References
(24,25)
(24,25)
(16,26)
(3,18)
(18)
This study
(18); this study
(27)
(2)
This study
(28)
(3,18,28)

*ALT, alanine aminotransferase; AST, aspartate aminotransferase; BM, bone marrow; EVD, Ebola virus disease; HLH, hemophagocytic
lymphohistiocytosis; LN, lymph node; MAS, macrophage activation syndrome; NK, natural killer; sIL-2R, soluble interleukin 2 receptor; –, feature not
included in disease diagnostic criteria.

cohort, patients with fatal outcomes had significantly
higher triglyceride levels, the caveat being that fasting
triglyceride levels could not be determined. However, triglyceride levels in these patients do correlate with both
severe and fatal disease. In a previous study, fibrinogen
levels were measured in an EBOV cohort (18) and reported to be low in all patients, but an association with severity was not demonstrated.
Patients with MAS or HLH often have elevated ferritin (Table). As has been previously reported (3,18), ferritin levels were well above the MAS and HLH criterion
in most patients with EVD (Table; Figure 1, panels C, D).
Furthermore, high ferritin levels were associated with fatal outcomes in SUDV-infected patients. In fact, exceptionally high ferritin levels (>10,000 ng/mL), which were
seen in many patients with EVD, have been suggested to
be an independent predictor of HLH with high sensitivity
and specificity (21).
sIL-2R, also known as soluble CD25, a marker of Tcell activation, has been reported to be elevated in HLH and
MAS (Table). We also assessed this marker in the same 2
patient cohorts that we previously described. Many SUDVinfected patients had sIL-2R levels well above the upper
limit of normal, but the level did not correlate with fatal
outcome (Figure 1, panel E); all EBOV-infected patients
had elevated levels of sIL-2R, regardless of disease severity, as previously reported (Figure 1, panel F) (18).
Natural killer [NK] cell activity and hemophagocytosis are often altered in HLH and MAS. Flow cytometric
evaluation of NK cell populations typically reveals diminished cell numbers and function, and pathologic analysis of
bone marrow biopsies or autopsy specimens might reveal
evidence of hemophagocytosis. Advanced flow cytometric evaluations of peripheral blood from EBOV-infected
patients were published after the West Africa outbreak
(30,31), and a study reported lower numbers of total NK
cells in patients with fatal cases of EVD (27). Although
292

the activation status of the NK cells detected did not differ between those who survived and those who died, lower numbers of cells would be consistent with overall decreased NK cell activity in patients with fatal EVD. The
lack of human bone marrow biopsy and autopsy specimens
limited our ability to look for hemophagocytosis in EVD,
but a detailed pathology study did not indicate any signs
of hemophagocytosis in spleen, lymph node, or bone marrow samples from patients with EVD, although viral inclusions were noted in these tissues, specifically in cells of the
mononuclear phagocytic system (2).
Measurement of sCD163, the haptoglobin-hemoglobin scavenger receptor and a marker of macrophage activation, has been examined in several studies of MAS
and HLH (32–34). CD163 expression was reported on
hemophagocytic macrophages in the skin of patients with
HLH, and high serum levels have been noted in patients
with HLH and MAS. sCD163 has also been associated
with disease severity in hemorrhagic fever with renal
syndrome (which occurs after hantavirus infection) and
dengue hemorrhagic fever (14,35). We assessed the levels of sCD163 in the blood of patients of the SUDV and
EBOV cohorts. In SUDV-infected patients, the sCD163
level was elevated (Figure 1, panel G), and high sCD163
concentration was associated with fatal outcome. The
sCD163 level was high in a severely affected EBOV-infected patient (EVD9) who would not have survived without extracorporeal supportive care (Figure 1, panel H). In
this patient, the peak in sCD163 occurred 19 days after
symptom onset, at a point when the viremia was well controlled, having peaked at day 10 and declined thereafter
(18). In fact, a strong negative correlation between viral
load and sCD163 level was evident in EVD9 (Spearman
correlation coefficient –0.9059). This patient remained
critically ill after viral load control, suggesting that the
inflammatory response was a substantial contributor to
disease manifestation.
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Two other laboratory findings often reported in HLH
and MAS are elevated transaminases and D-dimers (Table)
(13). Aspartate aminotransferase and D-dimers are elevated
in patients with EVD, and elevated levels of these analytes
are associated with fatal outcome (3,28).
Given these laboratory findings suggesting an association between macrophage activation and EVD pathogenesis, we performed an analysis for CD163 protein expression with tissues from patients with fatal EVD. Liver
sections from patients with fatal EVD showed hepatocyte
necrosis, often with minimal inflammation (Figure 2, panel
A). Mild-to-moderate small-droplet steatosis and Kupffer

cell hyperplasia were also seen. Hepatocytes had characteristic intracytoplasmic eosinophilic inclusions, which were
predominantly found in periportal zones and surrounding
areas of necrosis.
We performed double-stained immunoassays to assess for colocalization of EBOV and CD163. Double
staining confirmed the presence of viral antigens predominantly within hepatocytes and macrophages (Figure
2, panels B–D), as well as increased levels of CD163 in
association with viral antigens. The CD163 immunostaining of the myocardium from a fatal case of EVD did not
differ substantially from that of a patient who died from a
Figure 1. Laboratory findings
of patients with EVD that are
consistent with laboratory
findings in patients with
macrophage activation
syndrome or hemophagocytic
lymphohistiocytosis. A, B)
Triglycerides; C, D) ferritin;
E, F) sIL-2R; and G, H) sCD163.
Levels were measured in
the plasma of a series of 86
Sudan virus–infected patients
(left column) or 4 Ebola virus–
infected patients (right column).
Solid horizontal lines indicate
means. Gray shaded areas
represent the level of the analyte
detected in 10 healthy donors.
Dotted lines indicate limit of
detection. C) From McElroy
AK, Erickson BR, Flietstra TD,
Rollin PE, Nichol ST, Towner
JS, et al. Ebola hemorrhagic
fever: novel biomarker correlates
of clinical outcome. J Infect
Dis. 2014;210:558–66 (3);
reproduced with permission.
D, F) From McElroy AK, Harmon
JR, Flietstra TD, Campbell
S, Mehta AK, Kraft CS, et al.
Kinetic analysis of biomarkers
in a cohort of US patients
with Ebola virus disease. Clin
Infect Dis. 2016;63:460–7 (18);
reproduced with permission.
*Statistically significant
difference between fatal and
nonfatal cases (p<0.05). EVD,
Ebola virus disease; sCD163,
soluble CD163; sIL-2R, soluble
interleukin 2 receptor.
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Figure 2. Immunohistochemical stains of tissue from patients with fatal cases of Ebola virus (EBOV) disease showing EBOV
(red) and CD163 (brown) antigens. A) Hematoxylin and eosin stain of liver showing hepatocellular necrosis with intracytoplasmic
eosinophilic inclusions (arrow). B) EBOV antigens in hepatocytes and CD163 antigens in macrophages. C) High magnification image
of double immunohistochemical staining of liver tissue showing colocalization of EBOV and CD163 antigens in macrophage (arrow).
D) Colocalization of EBOV and CD163 antigen in macrophage of spleen (arrow). E) Staining of EBOV and interstitial macrophages
(CD163) in heart. EBOV found in some cardiomyocytes. F) EBOV and CD163 antigen in endothelial cells (arrowhead) and
macrophages of testis (arrow). Original magnification ×20 (A, B, D, E, F); ×63 (C).

noninfectious cause (Figure 2, panel E; Figure 3, panel A).
Of note, CD163-positive immunostaining in the interstitial space of the testes colocalized with viral antigen (Figure 2, panel F). Tissue-resident macrophages are known
to exhibit CD163 staining, so several tissue samples from
patients who died of a noninfectious cause were examined
to have a baseline for comparison. CD163 staining identified Kupffer cells of the liver (Figure 3, panel B), tissueresident macrophages of the myocardium (Figure 3, panel
A) and spleen (Figure 3, panel C), and macrophages in
the interstitial space of the testes (Figure 3, panel D). In
summary, tissues from patients with fatal EVD showed
increased CD163-positive macrophages near the areas of
extensive immunostaining for EBOV antigens.
Discussion
Both HLH and MAS are inflammatory syndromes that
are characterized by fever, hypercytokinemia, liver dysfunction, and coagulopathy. EVD shows some striking
similarities to these 2 disorders, suggesting a common underlying mechanism of pathology. T-cell activation and
proliferation, evidenced by elevated sIL-2R (sCD25) levels, are hypothesized to be responsible for the bulk of the
hypercytokinemia in HLH and MAS. CD25 is upregulated
294

on activated T cells, and sCD25 levels correlate with
membrane-bound CD25 levels on lymphocytes (36). The
interaction between EBOV and TIM-1 on the surface of T
cells has been demonstrated to lead to nonspecific T-cell
activation and elevation of proinflammatory cytokines
(16). However, TIM proteins are expressed on other cell
types, so TIM-mediated signaling with cells other than T
cells could be involved in EVD. Because all of the EVD
patients we studied had elevated levels of sCD25 and Tcell activation has been reported in patients with EVD
(15), hypercytokinemia could result from T-cell activation
through a nonspecific component. However, a substantial
amount of data suggests that T-cell function (presumably
antigen-specific T-cell function) is critical for virus control and host survival (37). In addition, no correlation between sCD25 level and disease severity or outcome was
evident; thus, the elevation of sCD25 might simply reflect
the fact that T cells are activated after infection. Therefore, any therapeutic attempt to modulate T-cell activity
to improve patient outcome must take into account the
fact that different populations of T cells within the host
could be simultaneously deleterious and beneficial.
In healthy persons, the ferritin level is 10–250 ng/
mL and used clinically as a marker of iron storage (26).
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Figure 3. Double
immunohistochemical staining of
Ebola virus and CD163 antigen
in tissues of patients who died
of noninfectious causes. CD163
antigens in macrophages of
heart (A), liver (Kupffer cells)
(B), spleen (C), and testicle (D).
Original magnification ×20.

Ferritin is also known as an acute-phase reactant that is elevated nonspecifically in the context of inflammation. In
HLH and MAS, ferritin levels can be markedly high. Hyperferritinemia was observed in patients with EVD, where
ferritin levels were as high as 1 × 105 ng/mL, which is 3
logs of magnitude over the upper limit of normal. In HLH
and MAS, the source of ferritin causing the extremely high
blood levels is thought to be the activated macrophage population (38,39). In EVD, the liver could also be the source
of the ferritin, as has been noted in animal models (40).
Elevations in serum triglycerides can occur in response
to inflammation; this rise in concentration is thought to be
mediated by cytokine-dependent increases in hepatic secretion (41). The elevated triglycerides seen in severe and fatal
cases of EVD would be consistent with this finding, considering these same patients have marked increases in proinflammatory cytokines. Therefore, the finding of elevated
triglycerides probably represents a response to rather than
an initiator of pathology.
In contrast with the conflicting data on T-cell activation
in EVD, the data for a pathogenic role of macrophages is
more convincing. Elevated levels of macrophage activation
marker sCD163 were seen in all patients with EVD, and this
marker was associated with both disease severity and fatal
outcome. Elevated levels of sCD163 in disease pathogenesis have also been reported for dengue virus and hantavirus
infections (14,35), and sCD163 was an independent predictor of all-cause mortality in HIV-infected patients (42).

CD163 is shed from the surface of activated macrophages or monocytes after stimulation of surface but not
intracellular TLRs (43). This shed sCD163 can then bind
hemoglobin, an activity theorized to be an innate immune
signaling mechanism to help combat microbial pathogens
by scavenging available iron. In vivo endotoxin studies in
humans have shown that surface CD163 is rapidly replaced
on monocytes within 24 hours after lipopolysaccharidemediated TLR-4 stimulation and CD163 shedding (44).
Therefore, that we found elevated levels of sCD163 and
abundant CD163-positive macrophages in the liver surrounding areas with extensive viral antigen is not surprising. Liver macrophages include mostly Kupffer cells, which
are usual constituents of the liver, but during inflammation,
monocytes are recruited from the periphery that can differentiate into macrophages in this tissue (45). Kupffer cells
express various markers and are thought to have various
functions. CD163 is classically considered a reparative
marker of an M2 type of macrophage, but this marker is
not definitive because inflammatory macrophages can also
express CD163 (46). The finding of high levels of sCD163
in fatal cases of EVD and of CD163 immunostaining in
association with viral antigen in the tissues of fatal cases
suggests that virally mediated activation of macrophages
contributes to EVD pathogenesis in vivo.
Activation of macrophages or monocytes after in vitro
EBOV infection leads to massive cytokine secretion (47,48),
which could also explain the hypercytokinemia that has been
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observed in patients with EVD. Pathogenic EBOVs and not
nonpathogenic EBOV (e.g., Reston) were shown to activate
macrophages by TLR-4 (17), and treatment of mice with a
TLR-4 antagonist improved clinical scores, decreased inflammatory responses, and increased the survival of EBOVinfected mice (49). These in vitro and animal model data
combined with the primary human data we present together
provide further evidence that not only does EBOV infection
activate macrophages in vivo, but this activation also plays a
direct role in the pathogenesis of the virus.
A limitation of our study is that the EBOV cohort of
patients treated at Emory University Hospital received several different therapeutic interventions (18). Whether these
interventions affected the measured parameters is unknown;
however, we noted concordance of data between patients with
fatal cases of SUDV not treated with therapeutics and EVD9,
the patient with severe EBV given therapeutic treatments.
Although EVD does not appear to trigger the development of MAS or HLH, the similarities of their inflammatory profile suggest that some of the therapeutic interventions
that have shown success in treating HLH or MAS could
be beneficial in treating EVD as well. Corticosteroids, etoposide, and cyclosporine A are mainstays for treatment of
HLH, and directed biologic therapies are being assessed. A
search of ClinicalTrials.gov reveals ongoing and completed studies of many novel inflammation-targeting biologics
for use in either MAS or HLH: blockers of interferon-γ
signaling (trial nos. NCT03311854, NCT03312751,
NCT01818492, and NCT03311854), blockers of IL-6
(NCT02007239), blockers of IL-1 (NCT02780583), and
antithymocyte globulin (NCT01104025). All of these
therapies target inflammatory mediators or, in the case of
antithymocyte globulin, T cells because T cells are thought
to play a role in the pathogenesis of these inflammatory
disorders. Given the acute nature of EVD, we hypothesize
that targeting the specific types of inflammation seen in
EVD would improve patient outcomes. The TLR-4 signaling that leads to macrophage activation is another potential
target for host-directed immunotherapeutics. Clinical trials
in humans are underway for biologics that block TLR-4,
IL-6, IL-8, IL-1, and tumor necrosis factor α for several different disease conditions. Because all of these cytokines are
elevated in EVD, we advise evaluation of these therapies in
EVD. In addition, the many immunotherapeutics that modulate T-cell function, both inhibitors (e.g., IL-2 blockers)
and activators (e.g., programmed cell death 1 and cytotoxic
T-lymphocyte–associated protein 4 antibodies), could also
be evaluated as therapeutics. Regardless of which therapeutic modality is chosen, a plethora of host immunomodulatory therapies are available and should be evaluated in
nonhuman primate animal models of EVD. In fact, as the
marker sCD163 indicates, inflammation can persist, even
after viral load control, so improving patient outcomes will
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probably require both directed antiviral therapies early in
the disease course and carefully timed host-directed antiinflammatory therapies.
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