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Abstract 

Background 

Ebola Virus Disease (EVD) was first discovered in 1976 in Zaire along Ebola River 

affecting more than 250 people and had a mortality rate of 53%. Currently, there are five 

(Zaire ebolavirus, Reston ebolavirus, Sudan ebolavirus, Tai Forest 

ebolavirus and Bundibugyo ebolavirus) strains of Ebola Virus. The Zaire ebolavirus has 

the highest (88%) mortality rate; Reston ebolavirus was discovered in Reston, Virginia, 

USA in 1989 in imported monkeys from Mindanao, Tai Forest ebolavirus was accidently 

discovered in 1994 in Tai Forest, Cote d'Ivoire. In 2005, the first direct evidence 

implicating bats as reservoir host for Ebola Virus emerged. EVD has various symptoms 

including fever, hemorrhage, myalgia, and diarrhea. There were more than 8,000 

confirmed EVD cases and more than 4,000 EVD-related deaths were reported in Sierra 

Leone during the 2013 - 2016 West Africa EVD outbreak. 

Method 

We anonymized and later separately analysed the medical records of laboratory-

confirmed pediatric, adult EVD patients, and a mixed cohort of EVD cases who received 

treatment at the 34 Military Hospital and the Police Training School ETCs in Sierra 

Leone; we also analysed the anonymized medical records of mixed cohort of laboratory-

confirmed EVD cases who received treatment at the Kenema Government Hospital 

ETC (KGHETC). 
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Results 

Majority of the 139 paediatric EVD cases in our study reported anorexia (99.1%), chest 

pain (98.6%), muscle pain (97.8%), headache (95.0%), fever (82.7%), diarrhoea 

(71.3%), fatigue (67.0%), had Stage 2 EVD infection (64.0%) upon admission at the 34 

Military Hospital ETC. The associations between the Case Fatality Rate (CFR), sex, age 

groups and occupational levels for our adult EVD cases admitted at the 34 Military 

Hospital were all statistically significant. Our predictive EVD patients mortality risk score 

for our mixed cohort of 1077 EVD patients admitted at the 34 Military Hospital shows 

that, those EVD patients who had an in-facility risk score of 12 had in 100% of cases a 

fatal outcome. The CFR for the 205 EVD patients treated at KGHETC was lower for 

those EVD patients who came from outside Kenema District compared to those who 

were admitted directly from within Kenema.  

Conclusion 

Based on the findings of our studies we recommend an adaptation of current EVD case 

definitions. We were able to identify a range of characteristics of EVD patients that were 

associated with adverse treatment outcomes. However, as both setting and virus strains 

may be different in future situations, the adoption of our model in future outbreak 

situations has to be taken with caution. 

 
 
 

 

 

 

 

 

 

 

 

 



Table of Contents 

1.Introduction....................................................................................................................1 

1.1 Global History of Ebola Virus Disease.....……………………………………………......1 

1.1.1 Ebola Virus Disease in Sierra Leonne………………………………………………….1 

2. Rationale and Objectives..............................................................................................2 

2.1 EVD symptoms, Case Fatality Rates and Treatment.................................................2 

2.1.2 EVD mortality scoring model...................................................................................3 

3. Methods........................................................................................................................4 

3.1 Study Design..............................................................................................................4 

3.1.1 Study Setting...........................................................................................................4 

3.1.2 Statistical Analysis..................................................................................................5 

4. Results..........................................................................................................................6 

4.1 Publication One..........................................................................................................6 

4.1.1 Publication Two.......................................................................................................7 

4.1.2 Publication Three....................................................................................................8 

4.1.3 Publication Four......................................................................................................9 

5. Discussion..................................................................................................................10 

6. References.................................................................................................................12 

6. Publications ...............................................................................................................20 

6.1 Publication A…. …………………………………………………………………………..20 

6.1.1 Publication B….. ………………………………………………………………………..28 

6.1.2 Publication C…………………………………………………………………………….38 

6.1.3 Publication D…………………………………………………………………………….46 

7. Conclusion. ................................................................................................................48 

8. Annex……………………………………….…………………………………………….....49 



8.1 Curriculum Vitae…………………………………………………………………………..49  

8.1.1 List of Publications ………………………….………………………………………….60 

8.1.2 Statement on Pre-release and Contribution….………………………………………61 

8.1.3 Acknowledgments…………………………………..………………………………......62 

8.1.4 Affidavit………………………………………………….……………………………….63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Abbreviations 

CFR: Case Fatality Rate is the proportion of people who die from a specified 

disease among all individuals diagnosed with the disease over certain 

period                                                                                                                                  

ETC: Ebola Treatment Center is a facility were people infected with Ebola were treated                                 

EVD: Ebola Virus Disease                                                                                                      

LMU: Ludwig-Maximilians-Universität in Munich                                                               

PCR: Polymerase Chain Reaction                                                                                                                                                                                                                                                                                                                                        

WHO: World Health Organisation                                                                                            

ZMapp: An experimental biopharmaceutical drug that is comprised of three chimeric 

monoclonal antibodies that was under development for the treatment of Ebola Virus 

disease.            
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1. Introduction 

1.1 Global History of Ebola Virus Disease 

Ebola Virus Disease (EVD) belongs to the filovirus family (1, 2). The disease first was 

discovered in 1976 along the Ebola River in Zaire in Sudan and Zaire (3). The first EVD 

outbreak recorded over 250 people and had a mortality rate of 53% (4). There are 

currently five (Zaire ebolavirus, Reston ebolavirus, Sudan ebolavirus, Tai Forest 

ebolavirus and Bundibugyo ebolavirus) strains of Ebola Virus; Zaire ebolavirus has the 

highest (88%) mortality rate (5). Reston ebolavirus was discovered in 1989 in monkeys 

that were imported from Mindanao, Philippines into Reston, Virginia, USA. (6)Tai Forest 

ebolavirus was accidently discovered in 1994 in Tai Forest, Cote d'Ivoire (7).The first 

direct evidence implicating bats as reservoir host for Ebola Virus emerged (8)was 

obtained in 2005; indicating the effective replication of the virus and subsequent survival 

by bats of the infection (9).  

1.1.1 Ebola Virus Disease in Sierra Leone 

An outbreak of EVD in West Africa in March 2014forced The World Health Organization 

(WHO) to declare it a ―public health emergency of international concern‖(10, 11). The West 

African EVD outbreak in 2013 – 2016 was caused by a different pathogen from those 

that were responsible for previous outbreaks in the Democratic Republic of Congo and 

Gabon (12). There were more than 8,000 probable and confirmed EVD cases and more 

than 4,000 EVD-related deaths recorded in Sierra Leone during the 2013 - 2016 West 

Africa EVD outbreak (13).The first case of the 2013 - 2016 West Africa EVD outbreak 

emerged in Meliandou, Guinea in late December 2013 (14) and was the first active 

filovirus infection to be detected in the West Africa Lassa fever zone since 1994; the first 

was the outbreak of the Taï Forest Ebolavirus (7).  
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2. Rationale and Objectives 

2.1 EVD symptoms, case fatality rates and treatment 

One key objective of this study was to identify the clinical symptoms of EVD. EVD has 

non-specific clinical symptoms that are similar to many tropical infections. The disease 

presents itself with various symptoms and the mode of acquisition of Ebola Virus  is 

important in determining its incubation period(10-15).Barry and colleagues reported 

asthenia (80%), fever (72%), vomiting (60%), diarrhea (34%), myalgia (23%), 

headache, general body ache, rash and haemorrhagic diathesis(10); while Qin et al 

reported weakness, fever and distress in half of all inpatients EVD cases(16) treated 

during the 2013 - 2016 West Africa EVD outbreak. Erythema and desquamation which 

are often visible by the 5th - 7th day of EVD infection, as well as macropapular rashes 

can serve as a valuable differential diagnostic feature for the infection.(17, 18) Schieffelin 

et al had previously discovered evidence of liver damage in both deceased and 

surviving EVD patients in Sierra Leone (19); another Sierra Leone study reported 

confusion and conjunctivitis.(20)One Uganda study reported that majority of the 56 

laboratory-confirmed EVD cases had non-bloody diarrhoea (81%), severe headache 

(81%), and asthenia (77%). (21)   

There were different types of Case Fatality Rates (CFR) that were reported for the 2013 

- 2016 EVD outbreak (21-29). Haaskjold Y et al reported 35% as the CFR for EVD cases 

treated in Sierra Leone during the 2013 – 2016 EVD outbreak (29) while the CFR 

reported by the WHO for Sierra Leone, Guinea and Liberia were 68.9% (62.1% - 

74.5%), 65.7% (61.4% - 69.5%), and 61.4% (55.9% - 67.3%) respectively.(30)Different 

types of characteristics and clinical symptoms of EVD patients have been associated 

with different CFRs during EVD outbreak(19, 24-37).Mupere et al reported data for 20 out 

of 168 laboratory-confirmed EVD admitted cases below 18 years of age but failed to 

disaggregate their clinical observations by age. (38) 
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Most studies on EVD clinical manifestations and treatment outcomes are challenged by 

their sample sizes. Majority (67%) of the2013 - 2016 West African EVD outbreak 

admissions at the Médecins Sans Frontières Ebola case management centre in 

Kailahun, Sierra Leone were older people(39) while another Sierra Leone study associate 

high viral load (Adjusted Relative Risk 2.6; 95%CI 1.8 ± 3.6) and vomiting at admission 

(Adjusted Relative Risk 1.4; 95%CI 1.0 ± 2.0) with treatment mortality. (40)    

Antibiotics, anti-malarials, resuscitation by application of fluids as well as symptomatic 

treatments have proven to be effective in Ebola management care.(11,39)The WHO had 

also approved brincidofovir(43), ZMapp(44), TKM 130803(45), favipiravir (46), monoclonal 

antibody MAb114 (47), and convalescent plasma of EVD patients(48)for the treatment of 

EVD on compassionate grounds.  

2.1.2 EVD mortality risk scoring model 

One EVD staging model based on the WHO protocol and adapted from the clinical 

presentation of Lassa fever(49) requires improvement since it does not account for the 

sociodemographic characteristics including the age of EVD patients which is an 

important CFR predictor for people infected with Ebola (10, 50) while other studies have 

used single symptom such as confusion (16, 33), diarrhoea (10, 16, 33), asthenia (33), 

haemorrhagic signs (9, 10), dizziness (19) and fatigue (15) to construct a univariate 

predictive score for EVD. 

In these studies we determined the factors associated with EVD treatment mortality for 

various subpopulations and treatment centers as well as construct an EVD in-facility 

mortality risk score. We also determined the factors that are associated with length of 

stay during EVD treatment and treatment outcomes.  
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3. Methods 

3.1 Study Design 

We separately analysed the anonymized medical records of laboratory-confirmed of 139 

pediatric (0 – 15 years), 938 adult EVD patients (15 years of age and above), 1077 

mixed cohort of EVD cases who received treatment at the 34 Military Hospital and the 

Police Training School ETCs in Sierra Leone from June 2014 to April 2015.  

We also analysed the anonymized medical records containing the clinical symptoms 

and sociodemographic characteristics of 205 mixed cohort of laboratory-confirmed EVD 

cases who received treatment at the Kenema Government Hospital ETC (KGHETC) in 

Sierra Leone from 13th September 2014 to 26th November 2014. A laboratory-confirmed 

EVD patient is defined as an ill person whose full blood, serum, or plasma specimen 

has been tested positive by quantitative reverse-transcriptase–polymerase-chain-

reaction assay using EVD specific primers and probes.  

3.1.1 Study Setting 

Medical data for this study was obtained from the 34 Military Hospital, Police Training 

School and Kenema Government Hospital (KGH) ETCs. The KGH serve as the national 

referral center for Lassa fever (51). Prior to the 2013 – 2016 EVD outbreak the KGH  had 

472 staff and volunteers and was equipped with a surgical, adult medicine, pediatric, 

and maternity wards (52).However, KGH expanded its operation and number during the 

2013 - 2016 EVD as the number of EVD cases increased. (53)Those EVD patients 

whose medical records we analysed either self-reported at the various ETCs or were 

brought to these ETCs by National Ebola Response Center personnel as suspected 

EVD case and then screened by data entry clerks.  
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An EVD suspected case is defined as a person with acute onset of fever >38˚C with any 

of the following additional symptoms: severe headache, muscle pain, vomiting, 

diarrhoea, abdominal pain, or unexplained haemorrhage; and had a direct contact with 

a suspected/confirmed EVD case or has a disease unexplained multisystem illness that 

is not explained by a confirmed course of malaria (49).  

All suspected EVD patients were later transferred to an isolation unit (EVD holding 

center) for temporary admission while they were awaiting their EVD laboratory test 

result. All confirmed EVD patients treated at the 34 Medical Hospital were categorized 

into: Stage One (early phase) EVD patients that were febrile and presented with no 

vomiting, diarrhoea, or organ dysfunction at the time of admission; Stage Two (wet 

phase) EVD patients presented with vomiting or diarrhoea; and the Stage Three (organ 

dysfunction phase) EVD patients who are characterised by organ dysfunction. The 

WHO-approved treatment protocols (49) that was used at the various ETCs in Sierra 

Leone during the 2013 - 2016 was mostly supportive care aimed at maintaining 

electrolyte balance included routinely providing oral rehydration salts and other 

supplements. The treatment protocol also included acetaminophen or ibuprofen (for 

muscle pain and headache), ranitidine or omeprazole (for abdominal pain) ciprofloxacin 

or cefixime (for bacterial infection), and naphthoquine phosphate tablets (for malaria).  

3.1.2 Statistical Analysis 

The R software package version3.3.1(54)was used for all statistical analysis while p-

values of< 0.05 were considered significant for all two-sided statistical tests. Chi square 

tests and Fisher’s exact test were used when the sample sizes were more than 5 or less 

than 5 respectively for categorical variables comparison. We used both univariable and 

multivariable logistic regression analysis to identify the clinical and non-clinical 

characteristics of EVD patients that were associated with EVD in-facility mortality.  
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To quantify the prognostic capacity of EVD patients’ sociodemographic characteristics 

and clinical symptoms in predicting EVD in-facility mortality we used stepwise backward 

selection algorithm based on the Akaike Information Criterion to select the final 

predictive model. We also multiplied the regression coefficient of each predictor in 

stepwise backward predictive model by two into the nearest integer (55) to obtain a 

weighted prognostic score for EVD patient treatment mortality and later used bootstrap 

method with 1,000 repetitions and re-sampling without replacement (56) to internally 

validate our model.  

We then constructed our in-facility mortality risk groups (low, medium and high risk 

groups) by attributing a third of the EVD patients each into low, medium and high risk 

groups respectively based on their range of risk scores. 

4. Results 

4.1 Publication One 

Epidemiological characteristics, clinical manifestations, and treatment outcome 

of 139 paediatric Ebola patients treated at a Sierra Leone Ebola Treatment Center 

We used the epidemiological characteristics and clinical symptoms of 139 laboratory-

confirmed paediatric EVD patients who were admitted at the 34 Military Hospital Ebola 

Treatment Center (ETC) in Sierra Leone during the study period of June 2014 to April 

2015 to determine those factors that are associated with their treatment outcomes. 

Anorexia (99.1%), chest pain (98.6%), muscle pain (97.8%), headache (95.0%), fever 

(82.7%), diarrhoea (71.3%), fatigue (67.0%), Stage 2 EVD infection (64.0%) and 

abdominal pain (59.7%) were present among the majority of the pediatric EVD cases at 

the time of admission in this study (See Table 1 publication 7.1). We reported a 

statistical significant association for paediatric EVD patients with Stage 2 and 3 EVD 

infections, skin rash, vomiting, bleeding, fatigue, diarrhoea, difficulty in swallowing, 

difficulty in breathing and conjunctivitis compared to those without these characteristics. 

Paediatric EVD patients who reported skin rash at the time of admission had high CFR 

(100%, p = 0.05) compared to those paediatric EVD patients who did not report skin 

rash (CFR = 21.2%).  
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We also reported an overall CFR of 22% (n= 31/139) for all pediatric EVD cases in this 

study. Paediatric EVD patients who reported Stage 3 EVD infection (CFR = 81.3%, p < 

0.05), difficulty in breathing (CFR = 76.9%, p< 0.05), bleeding (CFR = 70.0%, p < 0.05), 

difficulty in swallowing (CFR = 56.5%, p < 0.05), conjunctivitis (CFR = 50.0%, p < 0.05), 

vomiting (CFR = 40.4%, p < 0.05), fatigue (CFR = 30.1%, p < 0.05), diarrhoea (CFR = 

28.3%, p< 0.05), abdominal pain (CFR = 26.5%, p = 0.21) and anorexia (CFR = 22.5%, 

p = 1) at the time of admission had higher CFRs compared to those who did not report 

those conditions at the time of admission. 

4.1.1 Publication Two 

Sociodemographic and clinical determinants of in-facility case fatality rate for 938 

adult Ebola patients treated at Sierra Leone Ebola Treatment Center  

Our large dataset of 938 adult EVD patients was used to describe both the clinical and 

socio-demographic determinants for EVD case treatment outcomes and to construct an 

in-facility CFR predictive model using the clinical and sociodemographic characteristics 

of these patients. Majority of the 938 adult EVD patients were males (59.0%, n = 

553/938) and had secondary school education (79.3%, n = 744/938). Majority also 

belonged to the age groups 25 years to 35 (32.1%, n = 301/938), and 35 years to 45 

(30.6%, n = 287/938). The overall CFR recorded for this cohort of adult EVD patients in 

this study was 26.4%. There were statistically significant associations between CFR, 

sex (p = 0.0005), age groups (p = < 0.00001) and occupational levels (p = 0.0008). Our 

model matrix was able to successfully predict all those EVD patients who survived by 

identifying 79.4% (197/248) of those that died during treatment. Majority of the EVD 

patients reported fever (77.7%, n = 729/938), headache (97.6%, n = 915/938), anorexia 

(98.7%, n = 926/938), muscle pain (96.5%, n = 905/938), chest pain (84.5%, n = 

793/938), abdominal pain (73.9%, n = 693/938), diarrhoea (71.4%, n = 670/938), and 

fatigue (60.9%, n = 571/938) at the time of admission. We reported different CFRs for 

the different clinical symptoms in this study.  
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There was an increased odds of dying for EVD patients who were 65 years and above 

(Adjusted Odd Ratio = 12.50, 95% CI = 2.32–80.74, p = 0.005) compared to EVD 

patients in the other age groups (See Table 3 publication 7.2). Our Area Under the 

Curve Original was 0.935, while our optimism-corrected Area Under the Curve for the 

age group 65 years and above, as well as for those EVD patients who reported 

vomiting, diarrhoea, fever, cough, fatigue, dysphagia, conjunctival injection, and 

dyspnea at the time of admission was 0.932 (See Figure 1 publication 7.2). The mean 

optimism (Area Under the Curve Original - optimism-corrected Area Under the Curve 

from × 0.5) was 0.0002. The sensitivity, specificity, positive predictive and negative 

predictive values for our model are 79.4% (197/248), 100% (690/690), 100% (197/197) 

and 93.1% (690/741) respectively (see Table 2 publication 7.2). Our model matrix was 

able to successfully predict all those EVD patients who survived by identifying 79.4% 

(197/248) of those that died during treatment (See Table 4 publication 7.2). 

4.1.2 Publication Three 

Severity Score for Predicting In-facility Ebola Treatment Outcome 

 In this study we described the clinical symptoms and socio-demographical 

characteristics and later constructed a statistically weighted scoring system to predict 

EVD treatment mortality for a mixed cohort of 1,077 positive EVD patients who went for 

Ebola treatment at The 34 Military Hospital from June 2014 to April 2015. We used the 

following weighted EVD patients’ sociodemographic characteristics (age group, 

education, sex, occupation levels) and clinical symptoms (muscle pain, vomiting, 

diarrhoea, fever, fatigue, bleeding, sign of conjunctivitis, dysphagia and dyspnea) that 

were produced from the Akaike Information Criterion and obtained from our final 

multivariable logistic model to predict the risk of dying during EVD treatment in this 

study.  
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We constructed a three in-facility mortality risk groups (low, medium and high risk 

groups) by consecutively attributing one-third of the EVD patients’ range of risk scores 

and later demarcated the entire risk score graph into low, medium and high risk groups 

for ease of identification purposes by inserting two vertical separator lines. For example 

we observed that an in-facility risk score of 12 for EVD patients was discovered to have 

a 100% of cases with fatal outcome.  

4.1.3 Publication Four 

Factors associated with length of stay and treatment outcome at an Ebola 

treatment center in Sierra Leone during the West African Ebola Outbreak 2013 – 

2016 

In this retrospective study, we investigated the effects of treatment delay, length of 

symptomatic period, EVD patients’ sex, age, occupation level, regions of residence, 

EVD patients’ symptom, and length of stay had on the treatment outcome of 205 

laboratory-confirmed EVD patients at the KGHETC.  

We recorded an overall CFR of 48.3 % (n = 99/205) in this study; male EVD patients 

recorded an insignificantly higher CFR (52.1 %, n = 50/96, p = 0.379) compared to 

female EVD patients (CFR = 45.0 %, n = 49/109). There was an insignificantly higher 

CFR for EVD patients belonging to the age group 0 year to 4 years (CFR = 72.7 %, n = 

8/11, p = 0.682) compared to EVD patients in the other age groups. The odds of dying 

during treatment for low skilled worker EVD patients and EVD patients who were 

children and pupils in junior school over the odds of dying for high skilled worker EVD 

patient were 1.52 (95 % CI = 0.32 – 8.07, p = 0.61) and 0.73 (95 % CI = 0.11 – 4.86, p = 

0.74) respectively. 
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5. Discussion 

We succeeded in identifying the sociodemographic and clinical characteristics that are 

associated with the in-facility CFR for paediatric, adults, and mixed cohort of EVD 

caseswho were admitted at both the 34 Military Hospital and Kenema Government 

Hospital ETCs in our studies. We attributed the high CFR for the 139 paediatric EVD 

patients admitted at the 34 Military Hospital for the age group 0 – < 5 years compared to 

the other subpopulations in our paediatric cohort to the lack of health education in that 

subset of our EVD patients(57, 58). Our overall CFR for the 938 adult EVD cases was 

lower than that computed by Wong et al (CFR= 74.2%, 95% CI: 72.6% - 75.5%) (59), and 

the WHO (CFR = 28%, n = 3956/14124) (60) for the same subset of EVD patients during 

the same outbreak in Sierra Leone. 

We attributed this low overall CFR to the type of treatment regimen and professional 

health care that was provided in well-managed and equipped military healthcare 

facilities. Our preferred model for our adult EVD cohort is similar to those reported by 

Hartley and colleagues in a similar study involving Sierra Leonean EVD patients.(55) Our 

high overall CFR for the 205 KGHETC patients compared to the WHO-computed 

CFR(60) for Sierra Leone for the same outbreak was surprising. We attributed this high 

overall CFR for those EVD patients admitted at the KGHETC to poor EVD case 

management strategies, insufficient and inappropriate logistics as well as from the poor 

clinical training during the EVD outbreak period (61-62). KGH provided staff for KGHETC 

during the EVD outbreak and is considered to have one of the best facilities in West 

Africa for EVD case management due to their years of experience in handling Lassa 

fever cases.(61)  
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The significantly higher CFR among EVD patients who resided in Kenema District and 

sought treatment at the KGHETC compared to those from other districts who sought the 

same treatment at the same place could be attributed to the following; admission of 

mostly severed EVD patients from within Kenema District who delayed in seeking early 

EVD treatment, survival bias brought about as a result of the admission of less severe 

non-Kenema District based EVD cases since the more severed ones may have been so 

weak to not even venture to travel for admission to KGHETC, or that they died before 

they could reach the KGHETC (20, 64), high viral load, incomplete case ascertainment, 

thoroughness of reporting EVD clinical outcome and the epidemiological case 

definitions that were been used (68), the decentralized treatment of a subpopulation of 

non-Kenema District EVD patients in holding centers(20) en route to KGHETC, thereby 

providing them additional advantage compared to those EVD patients who resided 

within Kenema District. Additionally, the lack of or poor adherence to both the EVD 

health messages passed on during the outbreak caused by the false sense of security 

due to the misinformation that previous exposure to Lassa fever either in the community 

or in the clinical setting makes one immune to EVD; as well as to that of the EVD 

infection prevention and control practices (63) may have also been responsible for the 

high CFR among Kenema District based EVD patients.  

Theocharopoulus et al had previously reported that the low EVD viral load of patients 

from outside the district where the EVD patients was referred from compared to those 

EVD patients admitted from within the district may be due to their longer admission 

time, as well as in-transit admission prior to their referral to the distance ETC (20), while 

other studies have reported high viral load as a significant predictor of EVD mortality (20, 

40). 

There is a challenge to develop case definitions for diseases that have wide range of 

non-specific clinical symptoms that are associated with different treatment outcome due 

to their similarity with other endemic diseases.  
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Our statistically significant odds of dying for EVD patient characteristics with the 

following characteristics; age group 15 to < 25 years of age, dysphagia, dyspnea, 

diarrhoea, and vomiting reported in our predictive model were similar to those reported 

by Hartley and colleagues for a similar study in Sierra Leone that predicted EVD 

infection among Sierra Leonean patients.(55) We are thus recommending that EVD 

patients that contained those specific sociodemographic characteristics and clinical 

symptoms that have been identified in our predictive model should be targeted for early 

and well-monitored intravenous fluids administration.(66)  High CFRs that reflected the 

challenges in accessing basic medical care due to the exhaustion of the healthcare 

structure during EVD outbreak (10, 33) have been reported for resource-constrained 

communities. We are also recommending a focused clinical attention that require risk 

stratification and may include strict triage admission procedure during the early period of 

EVD outbreak to mitigate the effect of limited basic medical care in these resource 

constrained communities during EVD outbreaks. Our in-facility mortality risk scoring 

system which has a significant advantage over the Ebola staging system of the WHO (67) 

can be used during the early onset of an EVD outbreak. Some advantages of our in-

facility mortality risk scoring system over that of the WHO Ebola staging system is that it 

incorporates Stage one EVD symptoms, and can rapidly calculate EVD in-facility 

mortality score which can be used to provide a more rigorous clinical assessment of an 

EVD patient’s prognosis. 
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6.1.3 Publication D. Kangbai JB, Heumann C, Hoelscher M, Sahr F, Froeschl G. 

BMC Arch Public Health. (2021) Factors associated with length of stay and 

treatment outcome at an Ebola treatment center in Sierra Leone during the West 

African Ebola Outbreak 2013-2016 (Currently under peer review) 

Abstract 

Background: The World Health Organization (WHO) declared the West Africa Ebola 

epidemic as a Public Health Emergency of International Concern in August 2014. 

During the outbreak period, there were calls for the affected countries to construct Ebola 

treatment centres and reliable diagnostic laboratories closer to areas of transmission in 

order to improve the quality care of Ebola Virus Disease (EVD) patients. Delay in 

seeking treatment has been reported to have led to poor treatment outcome of EVD 

patients. Sierra Leone recorded more than 8,000 probable and confirmed cases and 

more than 4,000 EVD -related deaths nation-wide.  

Methods: In this retrospective study, we investigated the effects of treatment delay, 

length of symptomatic period, EVD patients’ sex, age, occupation, region of residence, 

and clinical characteristics on the treatment outcome of 205 laboratory-confirmed EVD 

patients at the Kenema Government Hospital Ebola Treatment Center (KGHETC) 

during the 2013 - 2016 EVD outbreak. Specifically also, we determined the factors that 

were associated with the length of stay for EVD treatment for patients who were 

released alive.  

Results: Of the 205 patients, 99 (48.3 %) had a fatal outcome. For EVD patients that 

survived, we recorded a significant association between the Length of Stay (LOS) and 

for each kilometer travelled to seek treatment (-0.06, 95 % CI = - 0.14 – 0.02, p = 0.004) 

at the KGHETC. However, the association between EVD patients that were low skilled 

workers (- 5.91, 95 % CI = - 24.60 – 12.79, p = 0.73), EVD patients who were children 

and pupils in junior school (- 0.86, 95 % CI = - 12.86 – 11.14, p = 0.73), health seeking 

delay for EVD patients who resided in Kenema District where the KGHETC was located  
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(- 0.49, 95 % CI = - 0.12 – 1.09, p = 0.24), sex (- 1.77, 95 % CI = - 8.75 – 5.21, p = 

0.50), age (0.21, 95 % CI = - 0.36 – 0.77, p = 0.57), referral status (1.21, 95 % CI = - 

17.67 – 20.09, p = 0.89) and the LOS in surviving patients were not statistically 

significant. 

Conclusion: The high LOS for either treatment outcome for EVD patients that resided in 

the district in which the EVD treatment facility was located compared to those patients 

from other districts implies that health authorities should consider intensive health 

education with high priority given to seeking early EVD treatment, and the construction 

of strategic ETCs as important components in their response strategy. 
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7. Conclusion 

In our studies we recommended the adoption of case definitions, special attention and 

intensified care for the specific characteristics identified amongst our EVD study. We are 

of the opinion such subgroups that were identified in the various models in our studies 

require special attention. Also, the age of adult EVD patients, adult EVD patient with 

symptoms of vomiting, diarrhoea, fatigue, dysphagia, conjunctival injection, dyspnea or 

muscle pain, have high odds of dying during treatment and hence will require prompt 

and intensive clinical attention upon admission. The high proportion of EVD patients 

with higher educational levels may have played an important role for the low CFR 

among our adult EVD patient cohort. This finding once more emphasizes the need for 

intensive health education, information sharing and communication during the early 

period of an EVD outbreak. Specifically, one conclusion drawn from our analysis of the 

medical records of the KGHETC patients was that in any future Ebola outbreak where 

community EVD transmission is well underway, health authorities should consider 

constructing strategic ETCs as an important component of their response strategy. 
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8.1.2 Statement of pre-release and Contribution 

This study and the subsequent publications (dissertation) that emerged were done 

during the period of October 2016 to January 2020 at both the Center for International 

Health in Munich, Germany and The 34 Military Hospital in Freetown, Sierra Leone. The 

following studies; Epidemiological characteristics, clinical manifestations, and treatment 

outcome of 139 paediatric Ebola patients treated at a Sierra Leone Ebola Treatment 

Center, Sociodemographic and clinical determinants of in-facility case fatality rate for 

938 adult Ebola patients treated at Sierra Leone Ebola Treatment Center, and Severity 

Score for Predicting In-facility Ebola Treatment Outcome;  have been published in BMC 

Infectious Diseases and Annals of Epidemiology respectively.  The fourth study titled 

Factors associated with length of stay and treatment outcome at an Ebola treatment 

center in Sierra Leone during the West African Ebola Outbreak 2013 – 2016 is currently 

undergoing peer reviewing with BMC Archives in Public Health. 

In all of these studies, I was responsible for gathering, compiling and collating the 

medical data that were used in the analytical sections in these studies. I was also 

responsible for securing the ethical and Institution Review Board approvals for these 

studies from the Sierra Leone Ethics and Scientific Review Committee in Sierra Leone 

and the Ludwig-Maximilians-Universität in Munich, Germany respectively. Under the 

supervision of my LMU supervisors I also conceived, organised and designed the 

various studies mentioned above alongside their respective objectives and analysis 

plans. Also, under the supervision of my LMU supervisors I did the analysis of the data 

that were reported in the various result sections in the published articles relating to this 

research and the diagrams (figures and tables) as well as drafted all the manuscripts.                

I was also responsible for registering and submitting all the manuscripts from these 

studies to the various journals for publication and served as the corresponding author 

for each manuscript that was submitted to each journal. As corresponding author I was 

also responsible for responding to each journal’s editor and peer reviewers’ comments 

and queries with respect to the various manuscripts submitted on behalf of these work. 
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