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Abstract

Background: Hematologic disorders occur frequently in patients with Ebola 
virus disease (EVD) and are characterized by one or several abnormalities in 
blood cells, including hemostasis, which is poorly documented. This study 
described the hematologic abnormalities of Ebola patients and the impact on 
the outcomes of patients who were admitted with EVD.

Methods: This was a retrospective observational study of patients recruited 
from 1 February 2019 to 25 June 2020 from Ebola Treatment Centers in 
Butembo and Katwa. Clinical and hemogram parameters at the time of 
admission and outcomes were collected. Descriptive statistics and logistic 
regression were performed with a significance level of 0.05. The analyses were 
carried out using Rstudio software.

Results: Among 299 patients hospitalized during the study period, only 129 
were included in the analysis. The mean age was 29.9 ± 18.6 years with a 
female-to-male ratio of 1.2. Only 13 patients (10 %) had been vaccinated 
against the Ebolazaire virus. The hematologic abnormalities included anemia 
(55.8%), hyperleukocytosis (36.4%), leukopenia (3.1%), thrombopenia 
(32.6%), and thrombocytosis (30.2%). Only anemia was statistically 
significantly correlated with increased viral load. Anemia (OR, 4.07; 95% 
CI, 1.59–11.3) was shown to be an independent risk factor for mortality in 
patients with EVD based on multivariate analysis.

Conclusions: EVD is responsible for major hematologic abnormalities that 
contribute to increased patient mortality.

Key words: blood count, hematologic, associated factors, Ebola patients, 
Kinshasa, D.R.C.
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INTRODUCTION

Ebola virus disease (EVD) is a zoonosis caused by a 
Filoviridae of the Orthoebolavirus genus [1]. Several out-
breaks of EVD have occurred across Africa since 1976 
when the virus was identified for the first time, the 2 larg-
est of which occurred in West Africa (2013–16) and cen-
tral Africa (2018–20) [2].

Among the 6 existing species of Ebola virus (Ebolazaire, 
Ebolasoudan, Ebolabudubungyo, Ebolavirus tai-forest, 
Ebolavirusreston, and Ebolavirus bombali), Ebolazaire is the 
most lethal for humans and most predominant in Africa. 
Ebolazaire has a case fatality rate of 90%–100% without 
treatment [3].

The Democratic Republic of Congo (DRC) has expe-
rienced 14 outbreaks of EVD, the last 4 of which have 
occurred in the last decade. The 10th epidemic, which 
ran from 2018–2020 in east DRC, remains the largest, 
longest, and most deadly of all epidemics, with 3470 con-
firmed cases and 2287 deaths [4].

EVD is lethal in 60%–100% of patients in the absence of 
treatment. Countermeasures, such as vaccines and specific 
anti-Ebola therapies, have been introduced to reduce the lethal-
ity associated with EVD since the 10th epidemic, thus changing 
the EVD management protocol in the DRC and throughout 
the world [5,6]. These countermeasures were first used on a 
compassionate basis as part of the Monitored Emergency Use 
of Unregistered and Investigational Interventions (MEURI) 
protocol before being used in clinical trials, such as the Palm 
study, which reduced in-hospital mortality by 35%–40% [7,8].

EVD is characterized by a range of clinical manifestations, 
including fever (87%), gastrointestinal symptoms (67%), 
and hemorrhagic complications in severe cases (18%). 
Hematologic abnormalities, such as thrombocytopenia, 
granulocytosis and coagulopathy, occur frequently in EVD 
patients, but comprehensive data on these disorders are lim-
ited. Previous studies conducted in non-human primates 
indicated that EVD can lead to myeloid, erythroid, and 
megakaryocyte lineage depletion. Some significant altera-
tions in hemostasis have been described due to Ebola virus. 
Specifically, prolonged clotting times and elevated D-dimer 
levels suggest a complex interplay between the virus and the 
host coagulation system [9,10].

Despite the wealth of data generated during previous 
EVD outbreaks, there is still limited data that specifically 
addresses hematologic changes in infected patients and 
the correlation with the viral load [11]. Several clinical 
reports involving EVD based on outbreaks in the DRC 
have focused on the epidemiology, general symptoms, 
outcomes, and biochemical disorders but often neglecting 
detailed analyses of blood parameters [12,13].

The current study aimed to document hematologic dis-
orders based on hemogram parameters and the correlation 
with the viral load and association with in-hospital mor-
tality during the 10th epidemic in east DRC.

The data herein are crucial for public health policies and 
healthcare workers in an effort to improve the treatment 

strategies based on the evidence of early hematologic 
abnormalities and provide appropriate care.

METHODS

Study design
We conducted a retrospective observational study of EVD 
patients who were admitted to the Ebola Treatment Center 
from 01 February 2019 to 25 June 2020 in Butembo, 
North Kivu, DRC.

Study population
A total of 129 consecutive patients among 299 who were 
admitted to the Ebola Treatment Center in Katwa and 
Butembo with a positive Xpert Ebola Zaire result and a 
blood count on admission were enrolled in the current 
study, regardless of the patient’s clinical condition. One hun-
dred seventy patients who did not have hemogram results 
were excluded.

Data collection
Medical and laboratory records generated during Palm 
001, a randomized control trial of Ebola Virus Disease 
Therapeutics, were used.

Sociodemographics, clinical findings, outcomes, PCR 
results (cycle threshold for nucleopeptide [Ct-np]), and 
hematologic data from hemograms were collected in 

TABLE 1  |  Sociodemographic characteristics, vaccination 
status and clinical stage.

Variable   Total 
n = 129 (%)

  Male  
n = 57 (%)

  Female 
n = 72 (%)

Age mean (SD)   29.9 (±18.7)   29.6 (±20.2)  30.1 (±17.6)

Age years

  <10   22 (17.1)   12 (21.1)   10 (13.9)

  10–29   49 (38)   20 (35.1)   29 (40.3)

  30–49   34 (26.4)   15 (26.3)   19 (26.4)

  >49   24 (18.6)   10 (17.5)   14 (19.4)

Profession

  Unemployed   41 (32,03)   23 (56,9)   18 (43,9)

  Self-employed  14 (10,91)   8 (57,1)   6 (42,8)

  Farmer   27 (21,09)   5 (18,5)   22 (81,5)

  Student   36 (28,13)   20 (55,5)   16 (44,5)

Clinical stage

  1   33 (25.6)   14 (24.6)   19 (26.4)

  2   63 (48.8)   27 (47.4)   36 (50)

  3   33 (25.6)   16 (28.1)   17 (23.6)

Vaccine statue

  Yes   13 (10.1)   6 (10.5)   7 (9.7)

  No    116 (89.9)   51 (89.5)   65 (90.3)
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patients at the time of admission to the Ebola Treatment 
Center.

Laboratory analysis and interpretation
Peripheral venous blood was collected at the time of admis-
sion for biological analysis. The Cepheid GeneXpert® 
Ebola assay, an automated real-time reverse transcription 
PCR [RT-PCR] (Cepheid GeneXpert®, Sunnyvale, CA, 
USA), was used in accordance with WHO recommenda-
tions during the outbreak for confirmation of cases and 
a Sysmex XN-Series Hematology Analyzer (Lincolshire, 
USA) was used for hematologic analysis.

The WHO criteria were used to define hematologic 
abnormalities and clinical stages of Ebola patients. The 
results of PCR Ct-np were used to determine the viral load. 
The more the Ct-np is < 22, the higher the viral load and 
vice versa. A Ct-np cut-off of 22 was used according to the 
literature.

Statistical analysis
RStudio software was used for statistical analysis. 
Descriptive analysis was used to describe the clinical and 
biological characteristics of the population. A chi-square 
test was used to compare the proportions of categorical 
variables, the Fisher’s exact test was used for smaller value, 

and the Student’s t-test was used for continuous variables. 
Pearson correlation was used to identify the association 
between viral load and hemoglobin concentration and 
platelet and white blood cell counts in the study population.

Univariate and multivariate analyses was used to iden-
tify risk factors associated with mortality in patients with 
EVD. The statistical analyses were performed at the 0.05 
level of significance.

Ethical considerations
Approval was from the Ethics Committee of the School 
of Public Health (Faculty of Medicine of the University 
of Kinshasa, Kinshasa, DRC [ESP/CE/132/2018]) and an 
approbation from the INRB before data collection.

RESULTS

A total of 299 patients were hospitalized in different study 
sites, of whom only 129 (72 [56%] females women with a 
female-to-male ratio of 1.2) were included in the current 
study.

Sociodemographic, Ebola vaccination status, and 
clinical stage
The mean age of patients was 29.9 ± 18.6 years. The most 
representative age group was 10–29 years of age (38%), 

TABLE 2  |  Signs and symptoms of the study population.

Signs/symptoms Total n = 129 (%) Ct-np < 22 n = 41 (%) Ct-np ≥ 22 n = 88 (%) P-value

Fever 58 (45) 21 (51.2) 37 (42) 0.432

Headache 50 (38.8) 18 (43.9) 32 (36.4) 0.532

Anorexia 56 (43.4) 17 (41.5) 39 (44.3) 0.909

Chest pain 11 (8.5) 4 (9.8) 7 (8) 0.998

Conjonctival injection 26 (20.2) 10 (24.4) 16 (18.2) 0.56

Digestive hemorrhage 3 (2.3) 2 (4.9) 1 (1.1) 0.493

Nausea 45 (34.9) 20 (48.8) 25 (28.4) 0.039

Dysphagia 18 (14) 8 (19.5) 10 (11.4) 0.332

Gingivorrhagy 6 (4.7) 2 (4.9) 4 (4.5) 1

Arthralgia 37 (28.7) 11 (26.8) 26 (29.5) 0.914

Myalgia 30 (23.3) 8 (19.5) 22 (25) 0.643

Coma 3 (2.3) 1 (2.4) 2 (2.3) 1

Vomiting 47 (36.4) 18 (43.9) 29 (33) 0.314

Diarrhea 40 (31) 14 (34.1) 26 (29.5) 0.748

Diathesis 8 (6.2) 4 (9.8) 4 (4.5) 0.453

Systolic blood pressure (SD) 107.6 (±24.3) 105.2 (±31.2) 108.6 (±21.0) 0.573

Diastolic blood pressure (SD) 73.1 (±16.3) 70.9 (±18.3) 74.1 (±15.4) 0.427

Pulse (SD) 93.5 (±19.4) 94.7 (±20.9) 93.0 (±18.9) 0.717

Respiratory rate (SD) 24.0 (±5.3) 26.6 (±7.2) 22.8 (±3.8) 0.023

Temperature (SD) 37.5 (±1.2) 38.0 (±1.2) 37.3 (±1.1) 0.012

Ct-np = Cycle threshold nucleopeptide.
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followed by 30 to 49 years (38% and 26.4%, respectively). 
Forty-one patients (32%) were unemployed and 36 were 
students (28.1%). Thirteen patients (10.1%) had received 
the Ervebo® vaccine before admission at the Ebola 
Treatment Center (Table 1).

Clinical symptoms and viral load
The most frequent symptoms were fevers (45%), ano-
rexia (43.4%), headaches (39%), digestive disorders (36%), 
and nausea (35%). No statistically significant difference 
was detected between patients with Ct-np values <2 2 
and Ct-np values ≥22, except in patients with nausea 

(P-value = 0.03), polypnea (P-value = 0.023), and fever 
(P-value = 0.012; Table 2).

Hemogram characteristics and hematologic 
disorders
The most common hematologic abnormalities were a 
decrease in the lymphocyte count (60.2%), followed by a 
decreased hemoglobin concentration (55.5%), an increase 
in the white blood cell (WBC) count (35.9%), and a 
decrease in the platelet cell count (32.6%). Approximately 
67% of patients with a Ct-np <22 (i.e., a higher viral 
load) had a statistically significant lower hemoglobin 

TABLE 3  |  Hemogram characteristics of the study population by the Ct-np level.

Parameters Total Ct-np < 22 Ct-np ≥ 22 P-value

n = 128 (%) n = 40 (%) n = 88 (%)

White blood cells/L 7500 (800–12 800) 0.533

  <4000 4 (3.1) 2 (5) 2 (2.3)

  4000–10,000 78 (60.9) 22 (55) 56 (63.6)

  >10,000 46 (35.9) 16 (40) 30 (34.1)

Lymphocytes 103/μl 1.2 (0.5–2.6) 0.838

  <1.5 77 (60.2) 23 (57.5) 54 (61.4)

  1.5–4.0 34 (26.6) 12 (30) 22 (25)

  >4.0 17 (13.3) 5 (12.5) 12 (13.6)

Neutrophils 103/μl 2.9 (1.3–5.6) 0.532

  <1.7 41 (32) 13 (32.5) 28 (31.8)

  1.7–7.0 64 (50) 22 (55) 42 (47.7)

  >7.0 23 (18) 5 (12.5) 18 (20.5)

Monocytes 103/μl 0.03 (0.01–0.14) 0.879

  <0.1 86 (67.2) 26 (65) 60 (68.2)

  0.1–1 42 (32.8) 14 (35) 28 (31.8)

Hemoglobin g/dl 11.61 (±2.8) 0.044

  <12 71 (55.5) 27 (67.5) 39 (44.3)

  ≥12 57 (44.5) 13 (32.5) 49 (55.7)

Platelets/l 310.3 (±237.6) 0.141

  <150,000 42 (32.8) 18 (45) 24 (27.3)

  150,000–450,000 47 (36.7) 12 (30) 35 (39.8)

  >450,000 39 (30.5) 10 (25) 29 (33)

MCV fl 83.6 (±4.7) 0.117

  <80 29 (22.7) 13 (32.5) 16 (18.2)

  80–100 99 (77.3) 27 (67.5) 72 (81.8)

MCHC pg 33.4 (±1.8) 0.625

  <32 24 (18.8) 6 (15) 18 (20.5)

  ≥32 104 (81.2) 34 (85) 70 (79.5)

HB=Hemoglobin, RBC=Red blood cells, PLT=Platelets, MCV=Mean corpuscular volume, MCHC=Mean corpuscular 
hemoglobin concentration, Ct-np= Cycle threshold for nucleopeptide.
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concentration that patients with a Ct-np ≥22 (Table 3). 
In summary, the hematologic disorders in our study pop-
ulation were anemia with microcytosis and hypochro-
mia, leukopenia, leukocytosis, thrombocytopenia, and 
thrombocytosis (Fig 1).

Considering the cytopenia taken separately or asso-
ciated, The majority of patients had cytopenia (38%) 
followed by bicytopenia (25.6 %). Only 1 patient had pan-
cytopenia (0.8 %). The bicytopenia was an association of 
anemia with thrombopenia or leukopenia (Fig 2).

Correlation between Ct-values and hemogram 
parameters
A statistically significant positive correlation existed 
between the Ct-np value and the hemoglobin level 
(r = 0.21, P = 0.018). This correlation indicated that an 
increase in Ct-np values is associated with an increase in 
the hemoglobin concentration and vice versa (Fig 3). Our 
results showed a weak negative correlation between the 
Ct-np value and WBC count (r = −0.1, P = 0.25). This 
correlation suggested a tendency for the WBC count to 

decrease with increasing Ct-np values. However, this rela-
tionship was not statistically significant (Fig 4). A positive 
correlation existed between Ct-np values and the platelet 
count. This relationship indicated that as the Ct-np value 
increases, the platelet count also tends to increase and vice 
versa. However, the statistical significance of the correla-
tion was not demonstrated (Fig 5).

In sum, this correlation suggested a link between the 
viral load and variations in the blood cell count. When the 
viral load is higher the hemoglobin level is low.

Hematologic disorders and mortality
Fifty-eight of the 129 patients died (45%). Anemia, bleed-
ing diathesis, and headaches were associated with an 
increased risk of death based on the univariate analysis. 
However, based on multivariate analysis, only patients 
with a hemoglobin concentration <12 g/dl had a 4.07-fold 
risk of death as an outcome compared to patients with a 
normal hemoglobin concentration. Patients with leuko-
penia had an 18.8-fold risk of death compared to patients 
without leukopenia (Table 4).

FIGURE 1  |  Cumulative incidence of hematologic abnormalities in the study population.

FIGURE 2  |  Frequency of cytopenia, bicytopenia, and pancytopenia.
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FIGURE 3  |  Correlation between HB levels and Ct-np.

FIGURE 4  |  Correlation between the WBC count and Ct-np.

FIGURE 5  |  Correlation between the PLT count and Ct-np.
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DISCUSSION

The hematologic abnormalities in 129 patients with EVD 
during the 10th epidemic in North Kivu are described 
herein and factors associated with patient mortality were 
identified.

Clinical characteristics based on the Ebola viral 
load
The most frequently reported symptoms of EVD were 
fevers, anorexia, headaches, digestive disorders, and 
nausea, while hemorrhagic manifestations occurred 

at a lower prevalence. This observation corroborates 
with the observations during the West Africa epidemic 
[14,15].

The basis for this observation was that fever is a hall-
mark of the response to viral infections, ref lecting an 
attempt to inhibit viral replication and improve immune 
function. Similarly, anorexia, which occurred in 43.4% of 
our patients, is a common response to systemic infection, 
potentially exacerbated by gastrointestinal involvement. 
Headaches and digestive disorders highlight the impact 
of the virus on the gastrointestinal system, including 
nausea [16].

TABLE 4  |  Risk factors associated with EVD patient mortality.

Factors Deaths Discharged Univariate Multivariate

n = 58 (%) n = 71 (%) OR (95%CI) OR (95%CI)

Age 34.2 (19.9) 26.5 (17.0) 0.98 (0.96–1.00) 0.97 (0.95–1.00)

Anemia

  No 19 (32.8) 38 (53.5) — —

  Yes 39 (67.2) 33 (46.5) 2.36 (1.16–4.92) 4.07 (1.59–11.3)

Leukopenia

  No 55 (94.8) 70 (98.6) — —

  Yes 3 (5.2) 1 (1.4) 0.26 (0.01–2.11) 18.8 (1.48–478)

Leucocytosis

  No 35 (60.3) 47 (66.2) — —

  Yes 23 (39.7) 24 (33.8) 0.78 (0.38–1.60) 0.05 (0.00–0.86)

Thrombocytopenia

  No 37 (63.8) 50 (70.4) — —

  Yes 21 (36.2) 21 (29.6) 0.74 (0.35–1.55) 1.92 (0.67–5.76)

Thrombocytosis

  No 42 (72.4) 48 (67.6) — —

  Yes 16 (27.6) 23 (32.4) 1.26 (0.59–2.72) 0.75 (0.25–2.16)

Microcytosis

  No 44 (75.9) 55 (77.5) — —

  Yes 14 (24.1) 16 (22.5) 1.09 (0.48–2.49) 0.97 (0.35–2.70)

Hypochromy

  No 52 (89.7) 53 (74.6) — —

  Yes 6 (10.3) 18 (25.4) 0.34 (0.12–0.88) 0.25 (0.07–0.79)

Diathesis

  No 51 (87.9) 70 (98.6) — —

  Yes 7 (12.1) 1 (1.4) 9.61 (1.64–183) 5.92 (0.83–121)

Headache

  No 30 (51.7) 49 (69) — —

  Yes 28 (48.3) 22 (31) 2.08 (1.02–4.31) 2.22 (0.98–5.16)
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The analysis revealed no statistically significant dif-
ferences in the prevalence of symptoms, except nausea, 
between patients with Ct-np values <22 and patients with 
Ct-values ≥22. Indeed, nausea had a significant differ-
ence (P-value = 0.03), suggesting the potentially increased 
correlation with lower Ct-np values. This finding may 
indicate that nausea could serve as a clinical marker of 
higher viral replication, which could contribute to the 
early identification of patients at risk of more severe dis-
ease progression.

Hematologic disorders associated with EVD
Anemia, thrombocytopenia, hyperplaquettosis, leuko-
penia, and leucocytosis occurred at different frequencies 
in the study population. However, anemia and throm-
bocytopenia were the most common complications in 
the study population. This f inding is in agreement with 
the previous report by Hunt et al. [12]. Specif ically, 
thrombocytopenia and an increased hematocrit were 
attributed to most patients with digestive disorders and 
dehydration.

In our cohort, the decrease in hemoglobin concentra-
tion was attributed to a multifactorial origin, including 
the direct effect of the virus on the bone marrow, inf lam-
mation, and probable nutritional deficiency due to martial 
deficiency [17].

Microcytosis, hypochromia, normocytosis, and nor-
mochromia were noted in the patients described herein. 
This pattern likely ref lects the inf lammatory process, 
which initially presents with a normochromic normocytic 
profile and gradually shifts to hypochromic microcytosis.

Most patients with EVD had a normal WBC count, 
followed by leucocytosis with lymphopenia. This finding 
corroborates the observation made by Wing et al. in 2016 
in Guinea [18]. Lymphopenia can be explained by the 
direct action of the Ebolavirus on T cells, causing cell death 
by apoptosis, as suggested by Iampietro et al. in 2016 [19].

Thrombocytopenia, identified as one of the common 
complications in the current study population at the time 
of admission, ref lects a significant involvement of the 
platelet line in patients with EVD. This result is consist-
ent with data reported in the literature. The mechanisms 
underlying this thrombocytopenia include increased 
destruction of platelets due to endothelial activation and 
pro- inf lammatory cytokines and a reduced production 
of platelets due to suppression of the bone marrow by the 
virus, which is frequently associated with disseminated 
intravascular coagulation [20].

In the current study the cut-off CT-np value was used 
as a measure of viral load. The variation in viral load 
was correlated with the hemoglobin concentration. The 
current study showed that as the viral load increases, the 
hemoglobin concentration decreases. The exact reason 
for this finding would be the direct effect of the virus 
in the bone marrow and hematopoietic system. Further 
investigations are warranted to determine the causal link 

between the Ebola virus and the figurative elements in 
the blood.

Strengths and limitations of the study
Strengths of the current study include data that provide 
information that furthers our understanding about the 
hematologic disorders based on the hemogram findings of 
patients with EVD.

Limitations of the current study include the small sam-
ple size and the possible effects of vaccination and thera-
peutics on the immune system.

CONCLUSIONS

The current study highlights that blood cell disorders 
during the 10th outbreak of EVD in the DRC and the 
impact on the outcomes of patients with EVD. The main 
hematologic disorders due to Ebola virus identified in the 
current study were anemia, followed by microcytosis and 
thrombopenia. The profile of microcytosis, hypochromia, 
and lymphopenia were the most common profile in EVD 
patients.

There was a strong correlation between the viral load of 
Ebola virus and red blood cells. Data from this study could 
enhance public health strategies during future outbreaks 
and guide the development of more effective diagnostic 
tools and therapies tailored to the specific hematologic 
profiles observed in the DRC outbreak.
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