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Background: The clinical management of persistent medical conditions affecting Ebola survivors, generally described as a post-
Ebola syndrome, remains a public health concern. We aimed to analyze Ebola survivors’ laboratory biomarkers as compared to their
non-infected household relatives to identify biomarkers that could guide the identification of survivors at increased risk of developing
severe at odds with the non-severe post-Ebola syndrome.

Materials and Methods: Data were extracted from medical records of the Ebola survivors clinic, and we included only Ebola survivor’s
parameters recorded during the first baseline follow-up visit 2 weeks interval after their second negative PCR result. Moreover, household
non-infected family contacts of survivors visiting the clinic during the same period were recruited as community control.

Results: The mean age of survivors was 32.65 (IQR: 15.5, 38.25) years, and Ebola IgG immunoglobulin was detected in all, thus
confirming their status. The statistical significance (all p < 0.05) observed in monocyte percentage (MONO%), cluster of differentia-
tion 4 percentage (CD4%), alanine aminotransferase (ALT), creatinine (CREA), and creatinine kinase (C-kinase) proved to be
clinically significant as compared to the household relatives’ group. Interestingly, the linear regression analysis indicated that the
duration at ETU was negatively associated with lymphocyte percentage with a 5% lymphocyte decrease per day spent at ETU. Finally,
there was a significant (p < 0.05) association between hematological (Hb, PCV, MCV, MCH), biochemical (ALT, CREA, C-kinase,
T-cholesterol, triglycerides) parameters and the risk of developing severe complications.

Conclusion: We recommend clinicians closely monitor Hb, PCV, MCV, MCH, ALT, CREA, C-kinase, T-cholesterol, triglycerides
and lymphocytes as clinically relevant laboratory biomarkers to identify survivors at higher risk of developing severe post-acute
syndrome upon discharge from Ebola treatment unit including headache, abdominal pain, chest pain, ocular complication, arthralgia,
hearing difficulty and erectile dysfunction which can impact health-related quality of life among Ebola survivors.
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Introduction
The burden of the unprecedented West Africa Ebola epidemic was highest in Sierra Leone, with 14,124 reported cases
and 3956 confirmed deaths.' Despite the deathly nature of the disease with an average case fatality ratio of 50%,
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thousands survived and most often suffer from persistent clinical complications after hospital discharge described as
post-Ebola sequelae.* These complications often emanate from symptoms developed during acute infections with Ebola
virus disease (EVD) exacerbated by the unavailable treatment for EVD. Clinical management during infection is mainly
supportive, including administration of oral and intravenous fluids and electrolytes, co-infections, and symptom control.
Moreover, EVD infection causes substantial biochemical, haematological and immunological abnormalities, which might
be challenging to amend even after recovery.” Therefore, the identification of laboratory predictors of the progression of
complications towards severe or fatal form is urgently needed. These predictors will enable risk stratification, guide
interventional follow-up to monitor survivors at enhanced risk of developing severe complications, and optimize limited
technical and human resources allocation.

This study aimed to analyze Ebola survivors’ laboratory biomarkers as compared to their non-infected household
relatives to determine biomarkers that could guide the identification of survivors at increased risk of developing severe at
odds with the non-severe post-Ebola syndrome.

Materials and Methods

Ethical Consideration

The study was approved by the Sierra Leone Ethics and Scientific Review Committee and the Sierra Leone Ministry of
Health and Sanitation. All study participants or guardians approve to be enrolled by signing or fingerprinting a written
consent form following the 1964 Helsinki declaration and later amendments.

Description of 34th Regimental Military Hospital Ebola Survivor Clinic

Ebola survivor clinics were established nationwide by the government with support from local and international partners
to manage sequelae as soon as the number of patients recovering from EVD started increasing. The MH34 clinic was one
of the first established and started enrolment of survivors and their family relatives 2 weeks (~14 days) after the discharge
of the first cohort from the MH34 Ebola Treatment Unit (ETU). Inclusion criteria for EVD survivors were confirmed
EVD by polymerase chain reaction testing and/or IgM/IgG positive on serological testing plus verification of EVD
discharge certificate. At the same time, household contacts were expected to be close family non-infected relatives living
together during the outbreak and have never been admitted to an ETU as well as not enrolled in an EVD vaccine clinical
trial.* Moreover, survivors were recruited regardless of ETU initially treated, and medical care was provided even if
survivors were not willing to be enrolled in the study.

Furthermore, no direct compensation was provided to them other than the potential benefits of clinical examination
and blood analysis. All medical care, laboratory diagnosis and treatment were provided for free. Personal history was
recorded during each medical consultation, and a medical examination was performed, including psychological assess-
ment and counselling.

Data Collection

All the records of laboratory-confirmed EVD survivors and their household members were extracted for a detailed
review. Data available included socio-demographic and clinical characteristics, sequelae, haematological, biochemical,
and immune biomarkers.

Laboratory Methods

Ebola Virus RNA Detection by qRT-PCR and Anti-EBOV IgG Quantification Using ELISA

All samples were initially examined to detect the Ebola virus ribonucleic acid (RNA) using a real-time quantitative
polymerase chain reaction (QRT-PCR) assay to ascertain the absence of the virus after the onset of symptoms in
survivors. Total RNA was extracted from plasma manually using a QiaAmp viral RNA mini kit (Qiagen, Germany)
according to the manufacturer’s protocol, and materials were eluted in 60 pL of AVE buffer and stored at —80 °C until
needed. The assay was performed on a LightCycler 96 thermocycler (Roche) using the RealStar Filovirus Screen RT-
PCR 1.0 kit from Altona Diagnostics and considered positive if cycle threshold (Ct) values were <40.
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All gRT-PCR negative samples were subjected to human anti-glycoprotein (GP) IgG responses to Zaire Ebolavirus
using an enzyme-linked immunosorbent assay (ELISA) commercial kit from Alpha Diagnostic International (ADI,
Texas, USA) according to the manufacturer’s instructions. Positive control and calibrators provided with the kit were
used in each test run, and optical density was read at 450 nm on a MultiScanGo microplate reader (ThermoFisher
Scientific) with plasma diluted at 1:200. Antibody detection was further validated in oral fluid samples from identical
participants by the use of a new IgG capture assay based on the EBOV Mayinga GP antigen (rGP6TM [catalogue 0501-
016]; IBT Bioservices, Rockville, MD, USA) as described by Lambe et al® and the presence of antibody was used as
additional evidence for survivor status.

Clinical Laboratory Assays
Anticoagulated whole blood was used for assessment of complete blood count with a five-part differential automated
haematology analyzer (Beckman Coulter, CA, USA), including haemoglobin (Hb), packed cell volume/hematocrit (PCV/
HCT), leukocyte (WBC), mean corpuscular volume (MCV), red blood cell count (RBC), mean corpuscular haemoglobin
(MCH), mean corpuscular haemoglobin concentration (MCHC), platelets (PLT), basophile (BASO), eosinophils
(EOSIN), neutrophils (NEUT), monocytes (MONO), and lymphocytes (LYM).

Another blood portion was used for a cluster of differentiation 4 (CD4) cell count and CD4 percentage analysis with
a FACSCalibur flow cytometer (Becton Dickinson Immunochemistry, California, USA). Serum chemistries were
performed on cryopreserved samples on a Roche Reflotron Plus clinical chemistry analyzer with manufacturer reagent
strips specific to each of the following parameters: alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), bilirubin (BIL), creatinine (CREA), urea, creatine
kinase (C-kinase), pancreatic amylase (P-amylase), total cholesterol (T-cholesterol), and triglycerides.

All biomarkers were compared with clinical reference values established by the World Health Organization to identify
clinical differences.®

Statistical Analysis

Data were transformed into a Microsoft Excel spreadsheet and analysed using Statistical Package for Social Sciences
(SPSS) Version 20.0. Descriptive statistics, mean, standard deviations and interquartile range (IQR) were used to present
the findings. The analysis of biomarkers levels in Ebola survivors against household relatives was performed using
Mann—Whitney U-tests. Multivariate correlation for biomarkers level and survivor duration at the ETU were analysed
with the nonparametric Spearman’s test (alpha 0.05) running on a JMP Software, v13.1.0 (SAS Institute, Cary, NC,
USA). A colour map matrix represented correlations (Spearman ). A point-biserial correlation was further performed to
ascertain whether the post—Ebola syndrome was associated with various biomarkers. A linear regression model was used
to establish whether the biomarkers significantly higher in survivors than relatives were predicted by the duration at
the ETU.

Results
A total of 213 participants were enrolled in the present study, including 83 EVD survivors and 133 household relatives of
survivors (Figure 1). Their characteristics are outlined in Table 1.

The mean age of survivors was 32.65 years (IQR: 15.5, 38.25). In addition to the clinical report and discharge
certificate review, EVD survivor status was confirmed using combined serological assays to detect Ebola virus IgG
response (Figure 2).

Both serological methods proved effective in distinguishing survivors from their household non-infected relatives, as
evidenced by the positive correlation ( = 0.476) between the IgG antibody activity in the serum and saliva of survivors
(Figure 3).

The analysis of haematological biomarkers showed that haemoglobin concentration and red blood cell count were
significantly different in the survivor group than in household relatives. A similar pattern was observed with the mean
corpuscular volume, mean corpuscular haemoglobin and mean corpuscular haemoglobin concentration (p < 0.05), as
shown in Table 2. However, there is no significant difference in white blood cells, haematocrit and platelet count between
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Total Ebola Survivors Total Household Contacts of Ebola Survivors
N= 85 N=139
Excluded:
08 Didn’t provide informed consent
A A 4
Ebola Survivors recruited Household Contacts of Ebola Survivors recruited

N=83 N= 133

v

Study Population

N=216
. 4 y v A
Clinical Examination Sequelae reported H logical Examinati Biochemical Examination I logical E
- Arthralgia -Hb - Liver function: - Basophile
- Sociodemographic “Tisadiacts _PcV ALT, AST, ALP, GGT, Bilirubin - Neutrophile
- Renal function:
- Medical history - Abdominal pain -WBC Creatinine, Urea - Eosinophile
- Myalgia - MCV - Muscular function: - Monocyte
- Vital signs - Ocular complication -RBC Creatine kinase - Lymphocyte
- Psycho-trauma ~MCH & MCHC mPancreatic firction: -CD4 count
- Physical examination Pancreatic amylase
- Oligomenorrhea -PC - Lipid profile - CD4 percentage
- Erectile dysfunction etc. - Blood group (ABO & Rhesus) Cholesterol Total, triglycerides

Figure | Study flow chart.
Abbreviations: Hb, haemoglobin; PCV/HCT, packed cell volume/haematocrit; WBC, leukocyte’s concentration; RBC, red blood cell count; MCH, mean corpuscular

haemoglobin; MCHC, mean corpuscular haemoglobin concentration; CD4, cluster of differentiation 4; CD4, cluster of differentiation percentage; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase.

the survivors and household relative’s cohort (all p > 0.05). Regarding haemoglobin and mean corpuscular volume
estimation, the survivors’ cohort significantly reported a higher level for both than the household relative’s cohort (p
< 0.05).

As displayed in Table 2, the immunological profile of biomarkers shows that the monocyte count and CD4 percentage
were significantly higher in the survivor’s group than in the household relatives’ group with p < 0.001 and 0.04,
respectively. Nevertheless, there was no significant difference in basophil, eosinophil, neutrophil, lymphocyte and CD4
count in both cohorts (p > 0.05).

Analysis of the biochemical profile showed that the proportion of these biomarkers significantly higher was more
relevant in the survivor cohort than the household relative cohort. The findings indicated that the survivor cohort had

Table | Demographic and Clinical Characteristics of Survivors and Their Household Relatives

Characteristic Mean * SD, Frequency/Total (%)

Ebola Survivors, N= 83 | Household Relatives, N=133
Serological profile and Ebola virus detection
Ebola virus RNA Not detected Not detected
IgG - Ebola virus glycoprotein
Seropositive 83/83 (100) 06/133 (04.5)
Seronegative 00/83 (100) 127/133 (95.49)
Age (mean SD), years 32.65 + 885 27.60 + 11.28
<40 68/83 (81.92) 116/133 (87.22)
240 15/83 (18.07) 17/133 (12.78)

(Continued)
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Table | (Continued).

Characteristic

Mean * SD, Frequency/Total (%)

Ebola Survivors, N= 83 | Household Relatives, N=133

Gender

Male

Female

Not recorded

Marital status

Single

Married

Clinical parameters
Temperature

Respiratory rate, (/min)

Heart rate, b/min

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Height (cm)

Weight (kg)

A+

A-

AB+

Comorbidities/Clinical history prior to EVD
Chronic cardiac disease

Cancer

Chronic pulmonary disease
Asthma physician-diagnosed
Renal disease

Obesity

Diabetes

Rheumatologic disease

Chronic neurological dementia
Hemiplegia/paraplegia
HIV/AIDS

Tuberculosis

Lassa fever disease

Post-Ebola syndrome/sequelae after ETU
Arthralgia

Hearing difficulty/ringing sounds
Headache

Abdominal pain

Chest pain

Diarrhoea

Myalgia

Ocular complication
Constipation

Insomnia

Oligomenorrhea (Female)

Erectile dysfunction (male)

34/83 (40.96)
48/83 (57.83)
01/83 (1.20)

32/83 (38.55)
51/83 (61.44)

36.74 + 0.53
18.58 + 1.59
73.90 £ 1091
112,69 + 14.44
66.92 + 116l
166.10 + 8.52
65.69 + 10.98
14/83 (16.86)
01/83 (01.20)
03/83 (03.61)
25/83 (30.12)
00/83 (00.00)
38/83 (45.78)
02/83 (02.41)

00/83
00/83
00/83
00/83
00/83
00/83
00/83
00/83
00/83
00/83
00/83
00/83
00/83

62/83 (74.69)
01/83 (01.20)
56/83 (67.47)
08/83 (09.63)
12/83 (14.46)
01/83 (01.20)
62/83 (74.69)
10/83 (12.04)
02/83 (02.40)
03/83 (03.61)
00/83 (00.00)
02/83 (02.40)

80/133 (60.15)
53/133 (39.85)
00/133 (00.00)

86/133 (64.66)
47/133 (35.34)

36.48 £ 0.26
17.71 +2.84
7321 £ 1296
11439 + 1652
67.00 + 12.80
169.02 £ 9.12
65.88 + 14.04
28/133 (21.05)
00/133 (00.00)
06/133 (04.51)
27/133 (20.30)
02/133 (01.50)
67/133 (50.38)
01/133 (0.75)

00/133
00/133
00/133
00/133
00/133
00/133
00/133
00/133
00/133
00/133
00/133
00/133
00/133

11/133 (08.27)
01/133 (0.75)

05/133 (03.76)
04/133 (03.00)
00/133 (00.00)
00/133 (00.00)
02/133 (01.50)
00/133 (00.00)
00/133 (00.00)
00/133 (00.00)
00/133 (00.00)
00/133 (00.00)

Abbreviation: ETU, Ebola Treatment Unit.
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Figure 2 Ebola IgG antibody level in survivors and their household non-infected relatives.
Abbreviation: IgG, immunoglobulin G.

Ebola Survivors IgG in Oral vs. Ebola Survivors IgG in Serum

Ebola survivors IgG activity in oral fluid
B
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Ebola survivors IgG activity in serum

Figure 3 Quadratic correlation representation between Ebola IgG antibody level in serum and oral fluid of survivors.
Abbreviation: IgG, immunoglobulin G.
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Table 2 Comparison of Clinical Biomarkers of Survivors and Their Household Relatives

Biomarkers Mean * SD P-value*®
Survivors (n=83) Household Relatives (n=133)
Haematology
Hb, g/L 12.47+1.37 11.93£1.13 0.040%*
PCV/HCT, % 37.49%4.11 38.27+27.45 0.060
WBC, x10°/L 5.40x1.21 5.67x1.19 0.306
MCV, fl 82.96+6.93 79.69+8.45 <0.001*
RBC, x10%/uL 4.68+0.58 4.88+0.61 0.017*
MCH, pg 29.13+2.05 29.95+1.53 0.001*
MCHC, g/dL 31.90+2.33 31.62+15.64 <0.001*
PLT, x10°/ uL 231.90+56.65 212.27+43.61 0.052
Immunological
BASO, % 0.31+0.32 0.29+0.41 0.070
EOSIN, % 3.43+0.53 3.64%5.1 0.806
NEUT, % 55.51%+47.76 51.68+4.28 0.124
MONO, % 6.62+4.40 3.9613.34 <0.001**
LYM, % 41.73+£7.78 41.49+4.80 0.439*
CD4 count, cells/uL 1271.10+£469.98 1241.14+500.36 0.709
CD4 percentage, % 40.20£10.22 37.79x11.97 0.045%*
Biochemical
ALT, U/L 62.35%14.45 28.45+16.83 <0.001**
AST, U/L 29.59+14.63 26.73+9.93 0.045*
ALP U/L 104.14+56.47 113.61+68.10 0.537
GGT, U/L 22.06+5.31 25.21+3.89 <0.001*
BIL, pmol/L 14.67+6.44 12.82+5.27 0.049*
CREA, pmol/L 121.97+69.68 75.92+20.469 <0.001**
UREA, pmol/L 4.92+1.68 491141 0.744
C-kinase, U/L 216.22+92.19 112.10£127.82 <0.001**
P-amylase, U/L 57.11x19.22 59.30+20.197 0.459
T-cholesterol, mg/dL 146.14+56.47 182.33+£68.94 <0.001*
Triglycerides, mg/dL 118.94+65.97 127.11£65.97 0.308

Notes: *P<0.05 was considered statistically significant. **Clinically significant difference.

Abbreviations: Hb, haemoglobin; PCV/HCT, packed cell volume/haematocrit; WBC, leukocyte’s concentration; MCV, mean
corpuscular volume; RBC, red blood cell count; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin
concentration; PLT, platelets; BASO, basophile; EOSIN, eosinophils; NEUT, neutrophils; MONO, monocytes; LYM, lymphocytes;
CD4, cluster of differentiation 4; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT,
gamma-glutamyl transferase; BIL, bilirubin; CREA, creatinine; C-kinase, creatine kinase; P-amylase, pancreatic amylase;
T-cholesterol, total cholesterol.

a significantly higher (p < 0.05) concentration of alanine transaminase, aspartate transaminase, bilirubin, creatinine and
creatine kinase than the household relative cohort. Besides, the level of alkaline phosphatase, urea, and triglyceride was
not significantly different (all p > 0.05) in both cohorts. Nonetheless, gamma-glutamyl transferase and total cholesterol
levels were significantly higher in the household relative cohort than in the survivor cohort (p<0.05).

Moreover, a Spearman correlation was conducted to examine the relationship between haematological, immunologi-
cal and biochemical biomarkers with the Ebola survivor duration at the ETU (Table 3).

Overall, weak non-significant correlations were observed for several biomarkers and the duration at ETU. However,
we observed a weak positive significant correlation between the duration at ETU and the mean corpuscular haemoglobin
(Spearman » = 0.23; N=83; p= 0.037) as well as with alkaline phosphatase (Spearman r = 0.25; N=83; p= 0.023); while
a weak negative significant correlation was observed between the duration at ETU and lymphocyte (Spearman r = - 0.24;
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Table 3 Biomarkers’ Correlation with Survivor Duration at ETU and Presence or Absence of Some Post-Acute Sequelae

Biomarkers

Duration at

Post-Acute Sequelae

ETU
Arthralgia Hearing Headache | Abdominal Chest Pain Diarrhea Myalgia Ocular Constipation Insomnia Oligomenorrhea Erectile
Difficulty Pain Complication Dysfunction
Spearman r/ ryu/p-value
P-value
Haematological
Haemoglobin —0.009/0.93 0.118/0.28 0.121/0.27 0.123/0.26 0.82/0.46 —0.082/0.46 —0.124/0.26 —0.093/0.26 —0.252/0.02* —0.068/0.58 —0.122/0.27 Rk -0.119/0.29
PCV/ —0.028/0.80 0.086/0.44 0.93/0.40 0.11/0.32 0.077/0.49 —0.095/0.39 —0.122/0.27 —0.108/0.33 —0.263/0.016* -0.77/0.49 —0.12/0.28 - —0.12/0.30
hematocrit
White blood 0.112/0.31 0.023/0.83 —0.075/0.50 -0.023/ —0.031/0.78 —0.076/0.49 0.112/0.31 0.079/0.48 -0.00/0.97 0.066/0.56 0.00/0.33 - 0.00/0.81
cell 0.84
MCV 0.00/0.94 0.156/0.16 0.03/0.79 0.22/0.04* 0.161/0.15 0.043/0.70 0.062/0.58 —0.021/0.85 —0.050/0.66 0.020/0.86 0.109/0.33 - 0.077/0.49
RBC 0.018/0.87 0.087/0.44 0.114/0.30 0.032/0.77 —0.052/0.64 —0.12/0.28 —0.061/0.58 0.030/0.79 —0.147/0.19 0.162/0.14 —0.1108/0.33 - 0.038/0.74
MCH 0.03/0.78 0.129/0.24 0.00/0.97 0.131/0.24 0.255/0.02* 0.22/0.04* 0.169/0.12 0.118/0.29 0.112/0.27 0.083/0.46 0.199/0.071 - 0.201/0.74
MCHC 0.016/0.88 0.72/0.52 0.087/0.43 0.1/0.37 —0.114/0.30 —0.136/0.22 0.177/0.11 -0.56/0.61 —0.045/0.68 —0.046/0.67 —0.183/0.09 - —0.012/0.91
Platelets — 0.00/0.95 —0.106/0.34 0.027/0.80 —0.152/ —0.055/0.62 0.019/0.86 —0.065/0.56 —0.031/0.79 0.176/0.11 —0.166/0.13 —0.178/0.107 - —0.057/0.61
0.17
Immunological
Basophil 0.115/0.298 0.059/0.59 0.106/0.34 0.171/0.12 —0.105/0.34 0.117/0.29 —0.031/0.78 —0.083/0.455 —0.071/0.52 —0.02/0.855 —0.035/0.75 Ak 0.028/0.79
Eosinophil 0.00/0.95 0.18/0.10 0.045/0.68 0.117/0.29 -0.039/0.73 -0.18/0.10 0.076/0.51 —0.033/0.76 —0.015/0.89 —0.109/0.33 —0.116/0.29 - 0.131/0.24
Neutrophil - 0.00/0.93 -0.134/ 0.00/0.96 -0.123/ 0.054/0.63 0.073/0.51 0.00/0.94 —0.124/0.26 0.076/0.51 0.00/0.97 0.026/0.81 - 0.023/0.84
0.226 0.27
Monocyte —0.061/0.58 0.101/0.34 0.115/0.29 -0.013/ —0.068/0.54 —0.132/0.23 0.015/0.89 0.077/0.49 —0.043/0.69 —0.051/0.65 —0.092/0.41 - 0.128/0.25
0.90
Lymphocyte —0.224/0.041* 0.087/0.43 —0.018/0.87 —0.024/ 0.020/0.86 0.091/0.41 0.025/0.83 0.157/0.16 —0.075/0.49 0.116/0.29 0.035/0.75 - —0.036/0.75
0.83
CD4 count 0.105/0.34 —0.146/0.19 -0.12/0.28 -0.178/ -0.027/0.81 —0.00/0.99 0.087/0.44 -0.169/0.13 0.113/0.31 0.087/0.44 -0.00/0.97 - 0.123/0.75
0.11
CD4 —0.053/0.63 —0.081/0.47 | —0.138/0.22 —0.120/ —0.176/0.12 —0.067/0.55 0.068/0.55 -0.00/0.97 —0.053/0.64 0.68/0.55 —0.052/0.64 - 0.127/0.26
percentage 0.28
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Biochemical

ALT — 0.085/0.44 —0.240/ —0.181/0.10 -0.227/ —0.029/0.80 0.096/0.39 0.056/0.61 —0.144/0.19 0.145/0.19 0.015/0.89 —0.018/0.87 ek 0.042/0.71
0.029* 0.039*
AST 0.049/0.65 -0.036/ 0.034/0.76 -0.101/ 0.067/0.55 0.127/0.25 0.37/0.74 —0.056/0.62 0.145/0.19 0.040/0.72 0.017/0.88 - 0.056/0.62
0.749 0.36
ALP 0.146/0.18 0.036/0.75 —0.232/0.03 0.00/0.96 0.114/0.31 0.043/0.69 0.12/0.28 —0.036/0.75 0.09/0.42 0.166/0.14 0.193/0.08 - 0.094/0.39
GGT —0.029/0.79 —0.00/0.97 —0.062/0.58 —-0.010/ —0.013/0.90 —0.056/0.62 —0.062/0.59 —0.00/0.97 0.17/0.88 —0.088/0.43 0.05/0.65 . 0.031/0.78
0.93
BIL — 0.066/0.55 —0.129/0.25 0.115/0.30 0.011/0.92 0.21/0.053 0.140/0.20 —0.023/0.84 —0.171/0.12 0.068/0.54 0.029/0.79 0.00/0.99 - —0.020/0.86
CREA —0.013/0.2 0.049/0.66 0.065/0.56 0.226/ 0.100/0.37 0.116/0.29 0.041/0.71 —0.029/0.79 0.107/0.33 0.00/0.99 —0.016/0.89 - —0.487/
0.04* 0.00%**
Urea —0.191/0.08 —0.044/0.69 | —0.020/0.86 0.025/0.82 0.083/0.45 0.063/0.59 —0.00/0.99 0.09/0.37 0.53/0.64 —0.033/0.76 0.054/0.63 - 0.01/0.9
C-kinase 0.044/0.68 0.109/0.33 0149/0.18 0.099/0.37 0.169/0.13 0.216/0.04* 0.069/0.05 0.053/0.63 0.174/0.12 0.164/0.14 0.061/0.58 - 0.098/0.38
P-amylase 0.00/0.69 —0.056/0.61 0.120/0.28 —0.088/ 0.065/0.56 —0.056/0.62 0.095/0.39 —0.97/0.38 —0.058/0.60 0.085/0.45 0.104/0.35 . 0.107/0.34
043
T-cholesterol 0.022/0.99 0.131/0.24 —0.232/ 0.065/0.56 —0.038/0.074 —0.060/0.59 0.183/0.09 0.00/0.95 —0.06/0.59 0.202/0.067 0.133/0.23 - 0.21/0.06
0.03*
TG — 0.044/0.69 0.256/ 0.01/0.93 0.178/0.11 0.041/0.71 —0.031/0.78 —0.101/0.36 0.057/0.36 0.031/0.78 —0.023/0.84 —0.148/0.18 - —0.058/0.6
0.02*

Notes: *Correlation significant at the 0.05 level (2-tailed); **Correlation significant at the 0.0l level (2-tailed); ***Could not be computed as at least one of the variables is constant; bold font indicates statistical significance.
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N=83; p= 0.029) same as with the platelet level (Spearman » = - 0.29; N=83; p= 0.008). All results were represented in
a colour scatterplot matrix, where statistically supported associations (p<0.05) between duration at ETU and various
biomarkers were highlighted (Figures 4-6).

Interestingly, there was a significant (p < 0.05) association between haematological (Hb, PCV, MCV, MCH),
biochemical (ALT, CREA, C-kinase, T-cholesterol, triglycerides), and immune (lymphocytes%) parameters and the
risk of developing severe complications (Table 3).

A simple linear regression model was calculated to predict the impact of the admission period at the Ebola Treatment
Unit on survivors’ haematological, immunological and biochemical biomarkers taken individually. The overall regression
analysis demonstrated no significant prediction between the duration at the ETU and various biomarkers of survivors.
However, a significant negative regression model was found between the duration at ETU and the lymphocyte percentage
of survivors (F (1, 81) = 4.29, p=0.0415), with an R* of 0.05 (Figure 7).

Considering the lymphocyte percentage as y and the duration at ETU as x, the regression equation will be equal to y=
a + bx; thus,

Lymphocyte% = 43.28 — 0.05"Duration at ETU
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Figure 4 Non-parametric correlation between the duration at the ETU and haematological biomarkers of survivors.
Abbreviations: ETU, Ebola Treatment Unit; Hb, haemoglobin; PCV/HCT, packed cell volume/haematocrit; PC, platelets; WBC, leukocyte’s concentration; RBC, red blood
cell count; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration; MCV, mean corpuscular volume.
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Figure 5 Non-parametric correlation between the duration at the ETU and immunological biomarkers of survivors.
Abbreviations: ETU, Ebola Treatment Unit; CD4, cluster of differentiation 4; CD4, cluster of differentiation percentage.

Discussion
With continuous medical complications reported by survivors, essential clinical care should be provided continuously
following the WHO reference document on clinical care for survivors of EVD.? However, good clinical decision-making
requires appropriate medical laboratory investigations that are often expensive in sub-Saharan Africa, which hosts more than
90% of EVD survivors. Therefore, identifying key laboratory biomarkers with a clinical signature could rapidly guide risk
stratification and monitoring of survivors at an enhanced level of developing severe complications. Unfortunately, little is
known regarding the long-term effects of EVD on the haematological, immunological, and biochemical profile of patients
after discharge from ETU, even though some preliminary studies provided relevant insights during acute infection.’

The study showed that post-Ebola syndrome remains a severe health concern affecting survivors with the most
reported sequelac being arthralgia, myalgia, and persistent headache. These findings concur with previous studies
reporting clinical sequelae of survivors after release from ETU.>®
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Figure 6 Non-parametric correlation between the duration at the ETU and biochemical biomarkers of survivors.
Abbreviations: ETU, Ebola Treatment Unit; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase;
BLB, bilirubin; CREA, creatinine; C-kinase, creatine kinase; P-amylase, pancreatic amylase; C-total, total cholesterol.

A comparison of haematological biomarkers showed that the survivor cohort had higher Hb, MCV and platelet levels,
but mostly still within normal ranges with a positive correlation observed between the duration at ETU and the mean
corpuscular haemoglobin level. In contrast, this correlation was negative with platelet count. These findings align with
related studies on viral haemorrhagic fever diseases.’”

We also observed a significant difference among monocytes and CD4 percentage between survivors and their
household relatives, similar to earlier studies.'” Even though there was no difference in lymphocytes between both
cohorts, regression analysis indicated that duration at ETU during acute infection was negatively associated with
lymphocytes percentage, with the equation indicating 5% lymphocytes decrease per day spent at ETU. This conclusion
agrees with studies indicating that EVD is associated with pronounced lymphopenia that highly correlates with
fatalities.'
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Figure 7 Linear regression model of the duration at the ETU and lymphocytes % of survivors.
Abbreviation: ETU, Ebola Treatment Unit.

In the present study, many biochemical biomarkers showed a significant difference between survivors and their
household relatives, including AST, ALT, ALP, BIL, CREA, C-kinase, and triglycerides, with a correlation observed
between duration at ETU and ALP. These abnormalities in these biomarkers suggested that EVD may damage hepatic,
myocardial, renal, and other survivor’s organs. These findings are consistent with earlier research describing complica-
tions associated with EVD.” However, Clark et al did not observe any clinically relevant abnormalities in biochemistry
biomarkers among 70 EVD survivors 3 years after discharge from ETU."!

Generally, there were statistically significant differences between the two groups for several biomarkers. However,
that is not always the same as a clinically significant difference. Some biomarkers in both groups were still within normal
ranges; therefore, individual biomarkers alone might be difficult to predict for clinicians. However, describing a more
concrete group of biomarkers from our findings will help typify and identify those most at risk.

Finally, the impact of the haematological, immunological, and biochemical variations described is still unclear
regarding the cause and consequence of the persistence of sequelae and the vulnerability of survivors to other commu-
nicable and non-communicable diseases. In addition, the variations observed may be due to confounding factors such as
co-infection with other infectious diseases and underlying unreported medical status. Therefore, further research is
needed on a significant survivor population across multiple sites to reach a specific conclusion.

Limitations

This retrospective cross-sectional cohort study is limited to one EVD survivor’s clinic and does not provide cause-and-
effect relationships. These studied biomarkers require further investigation. By studying many survivors, we will surely
gain more precise information about the long-term effects of the Ebola virus infection on haematological, immunological,
and biochemical parameters in survivors and their potential clinical applications, which will further help improve their
care.

Conclusion

This study provides new insights into the vital role of hematologic, immunological and biochemical laboratory biomarkers in
managing clinical features in survivors of Ebola virus disease. We recommend clinicians closely monitor Hb, PCV, MCV,
MCH, ALT, CREA, C-kinase, T-cholesterol, triglycerides and lymphocytes as clinically relevant biomarkers to identify
survivors at higher risk of developing severe post-acute syndrome upon discharge from Ebola treatment unit including
headache, abdominal pain, chest pain, ocular complication, arthralgia, hearing difficulty and erectile dysfunction, which can
impact health-related quality of life among Ebola survivors. However, these biomarkers need further evaluation in a more
significant number of survivors.
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