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Abstract
Background

Traditionally in the Democratic Republic of the Congo (DRC),
centralised Ebola treatment centres (ETCs) have been set exclusively
for Ebola virus disease (EVD) case management during outbreaks.
During the 2020 EVD outbreak in DRC's Equateur Province, existing
health centres were equipped as decentralised treatment centres
(DTC) to improve access for patients with suspected EVD. Between
ETCs and DTCs, we compared the time from symptom onset to
admission and diagnosis among patients with suspected EVD.

Methods

This was a cohort study based on analysis of a line-list containing
demographic and clinical information of patients with suspected EVD
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admitted to any EVD health facility during the outbreak.
Results

Of 2359 patients with suspected EVD, 363 (15%) were first admitted to
a DTC. Of 1996 EVD-suspected patients initially admitted to an ETC, 72
(4%) were confirmed as EVD-positive. Of 363 EVD-suspected patients
initially admitted to a DTC, 6 (2%) were confirmed and managed as
EVD-positive in the DTC. Among all EVD-suspected patients, the
median (interquartile range) duration between symptom onset and
admission was 2 (1-4) days in a DTC compared to 4 (2-7) days in an ETC
(p<0.001). Similarly, time from symptom onset to admission was
significantly shorter among EVD-suspected patients ultimately
diagnosed as EVD-negative.

Conclusions

Since <5% of the EVD-suspected patients admitted were eventually
diagnosed with EVD, there is a need for better screening to optimise
resource utilization and outbreak control. Only one in seven EVD-
suspected patients were admitted to a DTC first, as the DTCs were
piloted in a limited and phased manner. However, there is a case to be
made for considering decentralized care especially in remote and
hard-to-reach areas in places like the DRC to facilitate early access to
care, contain viral shedding by patients with EVD and ensure no
disrupted provision of non-EVD services.

Keywords
Viral Haemorrhagic Fever, Central Africa, SORT IT, Outbreak, Epidemic
response, Decentralized care, Operational Research, Ebola
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. 3\
{47/ &9 Amendments from Version 1

The following changes have been made in this version of the article.

1. Methodology: More details on the designation of facilities as a centralised Ebola treatment centres (ETCs) or decentralised
treatment centres (DTC), a figure showing the timeline of establishment of ETCs and DTCs and text on handling of missing
data have been added.

2. Discussion: The conclusion has been expanded to explicitly mention the limitations of the study.

Any further responses from the reviewers can be found at the end of the article
- J

Introduction

Ebola virus disease (EVD) is a rare but deadly viral haemorrhagic fever with an average case fatality rate of 50% (ranging
between 25-90%) among those infected.' Though vaccines and curative treatments are available, successful containment
of an EVD outbreak is largely dependent on early detection, isolation, and treatment of cases.”

The Democratic Republic of the Congo (DRC) in Central Africa has experienced 15 EVD outbreaks since 1976.” In the
DRC, patients with EVD have been managed through an EVD-centric approach, at EVD treatment centres (ETCs) which
are constructed in locations with large numbers of cases and which function parallel to the existing healthcare delivery
system. However, recent outbreaks in the DRC and elsewhere revealed that local communities associated ETCs with
remoteness and death and were reluctant to seek care from these facilities.”” These beliefs led to delays in admission
which in turn adversely impacted survival.

To address these concerns, a strategy of decentralization was piloted during the 11" EVD outbreak, which occurred in
2020 in Equateur Province, DRC. Small teams, diagnostics, and supportive treatment services were deployed in existing
local health centres in hard-to-reach areas to improve accessibility and allay communities’ apprehensions regarding
ETCs. These were known as Decentralised Treatment Centres (DTCs). This approach aimed at reducing the risk of EVD
transmission through early isolation of cases and improving patient outcomes through early access to diagnosis and
supportive treatment while also ensuring that non-EVD health services continued to be provided to the communities.

The decentralized approach in the Equateur province has not yet been evaluated. The province merits attention in view of
its large geographic expanse, tropical ecosystem conducive to re-emergence of EVD, presence of hard-to-reach pockets
and a predominantly rural population which set it apart from most provinces of the DRC. Five of the fifteen outbreaks in
the DRC have occurred in and around this province.’

This study therefore aimed to report on the utilization of decentralized facilities and whether these facilities helped
promote early admissions and early diagnosis during the 2020 EVD outbreak in Equateur. This information can be used in
preparation for future outbreaks, in terms of resource allocation, training of human resources and provision of EVD
management infrastructure at existing health centres in the country.

Methods
Study design

This was a retrospective cohort study making secondary use of data collected primarily for clinical purposes.

Study setting

General setting

The DRC is the largest country in central Africa with a population of 112 million as of 2023.*” It is one of the five poorest
countries globally.” Equateur is one of its 26 administrative provinces with a population of 1.6 million and is divided into
18 health zones (Figure 1). Each health zone provides services to a population of 100,000-200,000, and is further divided
into health areas for every 10,000 population.'’

The DRC has a three-tier public health system: primary health centres in every health area, a secondary “General
Reference Hospital” in each health zone and a tertiary “Provincial Hospital” in each provincial capital. Services in these
facilities are provided on payment of user fees by the patients.'” Mbandaka, the provincial capital of Equateur, is around
1200 km by road from the national capital of Kinshasa. Within the province, the Congo river system is the major channel
for transport and there is limited road connectivity.
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Figure 1. Health zones and locations of centralized and decentralized treatment centres during the 2020 Ebola
Virus Disease Outbreak in Equateur Province, Democratic Republic of the Congo. (Source: Geographic Infor-
mation System Centre, Médecins Sans Frontieres). Abbreviations: ETC=Centralised Ebola treatment centre, CTD=De-

centralised treatment centre, TC=Transit centre.

Specific setting: EVD Outbreak of 2020

The outbreak occurred in Equateur between 1** June 2020 and 18th November 2020."" It produced 130 cases (119 con-
firmed and 11 probable), of which 75 recovered and 55 died.”'? Outbreak response was coordinated by the Ministry of
Health (MOH) with technical support from multiple international aid organizations. Case definitions followed the World
Health Organization recommendations.'” All EVD care services were provided free of cost during the outbreak.

In the initial period, suspected cases were admitted to ETCs which were set up exclusively for EVD care. These centres
were equipped with isolation units, diagnostic facilities, and advanced treatment modalities including monoclonal
antibodies (Table 1). A total of nine ETCs were newly constructed (mostly semi-temporary structures) during the

outbreak (Figure 1).

Seven transit centres (TCs) were also established in places where there was no testing capacity. Samples were taken from
suspected cases and transported to ETCs. Patients were kept in isolation at the TCs while awaiting laboratory results.
These TCs were also considered as centralized centres, functioning parallel to the existing medical system. Some of the
TCs were converted into ETCs over time.

As the outbreak progressed, suspected cases were reported from remote health zones and a decentralized approach was
piloted. This approach was developed by the MOH in consultation with Médecins Sans Frontieres (MSF). Based on
contact tracing and epidemiological investigations, health areas where cases would be expected were identified. In these
areas, the existing health centres were equipped to be decentralized treatment centres (DTCs). The first DTC started
functioning in July 2020; 15 DTCs were established during the outbreak. The decision on designation of a facility as an
ETC or DTC was made by the outbreak response team led by the MoH. Once a facility was selected to function as a DTC,
the outbreak response team demarcated a triage area and an isolation area, ensured supply of basic personal protective
equipment and apparatus required for sample collection-transport and for providing supportive treatment for suspected
cases were available and established a biomedical waste management system, including identification of safe burial
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Table 1. Infrastructure and services offered at centralized and decentralized treatment centres in Equateur
Province, Democratic Republic of Congo during the 2020 outbreak of Ebola Virus disease (EVD).

Main considerations
for designation

Location

Mode of admission

Human resources

Bed capacity

EVD Diagnostic
facilities

Treatment facilities

Isolation facilities

Biomedical waste
management

Safe and dignified
burial of dead bodies

Management of non-
EVD cases

Centralized Ebola treatment centres

» Near existing large (referral) hospitals
where trained health care workers
were available

+ Availability of physical infrastructure in
terms of space for setting up an
isolated advanced treatment facility

Newly constructed during outbreak and
located close to localities with large
number of cases

1. Self-referral: Any EVD-suspected case
who approached the centre for care

2. Referral of symptomatic EVD-contacts
or EVD-contacts with a strong
epidemiological link by health
workers

3. Referral from decentralized
treatment centres

4. Referral from transit centre

» Medical doctors and nurses with
expertise in EVD

* Round the clock presence of experts-
local and central expertise from MOH
and/or external aid partners®

Variable (based on patient load,
epidemiological trends, and the
transmission chain); 10 - 43 beds

Yes (GeneXpert PCRin all ETCs with repeat
of GeneXpert PCR at ETC Wangata for
confirmation)

Yes (Investigational treatment like
monoclonal antibody therapeutics®)

Yes

Yes
Supported by the team of the ETC

For EVD-negative cases, samples are sent
to Kinshasa to rule out other febrile illness
including malaria and other viral
haemorrhagic fevers. EVD-negative cases
are transferred out to a different health care
facility for treatment

Decentralized treatment centres

» Depending on epidemiological
investigation, health centres located
close to a cluster of cases were selected

» Health centers located in densely
populated areas were prioritized

* Minimum infrastructure required in
terms of a physical building with space
for a triage and beds for isolating the
suspected and probable EVD cases.

+ Concurrence of local community
leaders was sought to ensure
acceptance in the community

Co-located with existing health centres in
remote health areas

1. Self-referral: Any EVD-suspected case
who approached the centre for care

2. Referral of symptomatic EVD-contacts
or EVD-contacts with a strong
epidemiological link by health
workers

» Nurses involved in primary health care
service delivery (with basic orientation
training in EVD)

» Led by local MoH staff with technical
support from experts if and when
required

Limited; average = 6 beds

Sample collection locally with transport to
ETC Wangata for GeneXpert PCR

Only supportive treatment available and
referral to ETC for advanced therapeutics
(including monoclonal antibody
treatment)

Yes
Yes

Supported by the team of the DTC

For EVD-negative cases, samples are sent
to Kinshasa to rule out other febrile illness
including malaria and other viral
haemorrhagic fevers, and treated within
the same facility

“Includes Médecins Sans Frontiéres, The Alliance for Medical Action, and International Medical Corps
Inmazeb was approved by FDA during this outbreak (October 14 2020)

spaces in consultation with the local community. Table 1 provides a description of the services provided at the ETCs
and DTCs. Figure 2 shows the time trend of confirmed cases and the establishment of ETC and DTCs, based on available
data.
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Figure 2. Graph showing the time trend of confirmed cases and the establishment of Centralised Ebola
treatment centre (ETC) and Decentralised treatment centre (DTC) during the 2020 outbreak of Ebola Virus
disease in Equateur Province, Democratic Republic of Congo.

Study population
All patients with suspected EVD admitted to any EVD health facility during the 2020 EVD outbreak in Equateur were
included.

Data collection, sources, and analysis

During the outbreak, the Médecins Sans Frontieres (MSF) team under directions of the MOH developed a common form
to collect the basic details of patients admitted as suspected cases to any EVD health facility. A healthcare worker was
identified as a focal person in each facility and was responsible for data collection and updation of the form on a daily
basis. A supervisor was identified within the MSF team who was responsible for collating the paper forms from a group of
facilities and digitising them into a linelist. At the time of digitization, the supervisor would check for data completeness
and whenever possible coordinate with the facility focal person to retrieve missing data from the facility treatment
records and update the linelist. The compiled line-list of patients with suspected EVD admitted to any EVD health facility
constituted the data source.

Data on patient demographic characteristics, clinical characteristics at the time of presentation, final diagnosis, and
treatment outcomes were extracted from the line-list and analysed using STATA (version 16.0, StataCorpLLC, College
Station, Texas, USA). R is an open-access software which can be used to conduct the same analysis.

The outcomes of interest were time to admission, time to diagnosis and final treatment outcomes. Time to admission was
calculated as the duration between the date of symptom onset and date of first admission. Time to diagnosis was
calculated as the duration between the date of symptom onset and date of the first positive PCR test (for confirmed cases)
or date of the earliest negative PCR test (for non-EVD cases). Date of treatment initiation was not recorded in the line-list,
and therefore time taken to initiate treatment could not be assessed. For patients transferred from one facility to another,
the outcome reported at the final EVD health facility was considered as the final outcome.

Time to admission and diagnosis were summarized as medians with inter-quartile ranges and compared between the two
types of facilities (i.e., ETC versus DTC) using Mann Whitney-U test. Final outcomes between the two were compared
using the Chi-square test. A p-value < 0.05 was considered statistically significant.

Handling of missing data: The number of observations with missing data are reported for key variables. Since the
outcome variables (time to diagnosis and time to admission) were non-parametric, imputation techniques and sensitivity
analysis to assess impact of missingness in these variables were not performed. Statistical tests were performed after
omitting the observations with missing data for the outcome variables pertaining to the test.

Results

There were 2359 line-listed unique patients suspected of having EVD. Of these, the type of EVD health facility visited
first was an ETC for 1996 (85%) patients and a DTC for 363 (15%) patients. Of the 1996 patients with suspected EVD
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First admission to an
ETC= 1996 (84.7%)

v

First admission to a
DTC=363 (15.3%)

Diagnosed as EVD+, managed

Diagnosed as EVD+, managed

.»
with no further referrals= 49 with no further referrals = 6
Diagnosed as EVD+ and referred ) Diagnosed as EVD+ and referred
for management=21 (1.1%) for management=0 (0%)
Diagnosed as EVD- and sent N Diagnosed as EVD- and sent

home=2*(0.1%)

home=0 (0%)

Diagnosed as EVD-, managed
with no further referrals= 1924
(96.3%)

Diagnosed as EVD-, managed
1 with no further referrals= 357
(98.8%)

Figure 3. Flow of patients with suspected Ebola virus Disease (EVD) at centralized and decentralized EVD
treatment centres in Equateur Province, Democratic Republic of the Congo, during the 2020 EVD outbreak.
*These two patients were diagnosed as EVD-negative in the first ETC but were eventually confirmed as EVD-positive
in the next ETC that they consulted. ETC=Centralised Ebola treatment centre, DTC=Decentralised treatment centre,
EVD = Ebola Virus Disease, EVD+=EVD-positive; EVD-=EVD-negative.

who were initially admitted to an ETC, 72 (4%) were confirmed as EVD-positive. Of the 363 patients with suspected
EVD who were initially admitted to a DTC, 6 (2%) were confirmed as EVD-positive in the same health facility and
remained there for care (Figure 3).

Table 2 shows the demographic and clinical characteristics of patients with suspected EVD based on the type of EVD
health facility first visited. The age and gender distribution were not significantly different between the two types of

Table 2. Demographic and clinical characteristics of patients with suspected Ebola Virus Disease (EVD)
admitted to centralised Ebola treatment centres and decentralised treatment centres during the 2020 EVD
outbreak in Equateur Province, Democratic Republic of the Congo.

Characteristics

Total

Age (in years)
0-4

5-14

15-29

30-44

45-59

60 and above

Not recorded

Type of facility visited first

Centralised Ebola
treatment centre

n
1996

348
449
418
370
242
169
0

(%)
(100)

(17.4)
(22.5)
(20.9)
(18.5)
(12.1)
(8.5)
(0.0)

Decentralised treatment

centre

n (%)
363 (100)
69 (19.0)
76 (20.9)
78 (21.5)
77 (21.2)
35 (9.6)
ret (7.2)
2 (0.6)

P-value

0.518
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Characteristics

Gender

Male

Female

Not recorded

Vaccination against EVD

Vaccinated prior to admission

Vaccinated after admission

Unvaccinated

Vaccinated but timing unknown
Vaccination status unknown

Signs and symptoms at admission®

Fever

Fatigue

Vomiting

Diarrhoea

Muscle pain
Breathlessness
Bleeding

Dysphagia

Hiccups
Conjunctivitis

Final diagnosis
EVD-positive
EVD-positive and Malaria
Malaria

Typhoid fever
Respiratory Tract Infection
Intestinal parasitosis
Others*®

Not recorded

Final EVD status
Confirmed EVD
Probable EVD®
Suspected EVD®
Non EVD

Not recorded

EVD = Ebola Virus Disease

“A patient could have multiple symptoms

Type of facility visited first

Centralised Ebola
treatment centre

n (%)
1010 (50.6)
986 (49.4)
0 (0.0)
71 (3.6)
4 (0.2)
895 (44.8)
515 (25.8)
511 (25.6)
1639 (84.3)
1459 (74.9)
1006 (51.9)
713 (36.7)
684 (35.2)
252 (12.9)
143 (7.4)
140 (7.2)
49 (2.5)
27 (1.4)
70 (3.5)
2 (0.1)
954 (47.8)
5 (0.3)
18 (0.9)
69 (3.5)
296 (14.8)
582 (29.2)
72 (3.6)
2 (0.1)
76 (3.8)
1843 (92.3)
3 (0.2)

P-value
Decentralised treatment
centre
n (%)
0.152
165 (45.5)
190 (52.3)
8 (2.2)
<0.001
4 (1.1)
0 (0.0)
137 (37.7)
24 (6.6)
198 (54.5)
290 (80.1) 0.050
196 (54.2) <0.001
176 (48.6) 0.250
131 (36.2) 0.849
74 (20.4) <0.001
16 (4.4) <0.001
10 (2.8) 0.001
11 (3.0 0.003
8 (2.2) 0.724
4 (1.1) 0.665
NA®
(1.7)
(0.0)
57 (15.7)
1 (0.3)
(1.4)
(0.6)
20 (5.5)
272 (74.9)
0.056
6 (1.6)
2 (0.6)
12 (3.3)
343 (94.5)
0 (0.0)

°Not applicable: Chi-square or Fisher's exact test could not be applied due to the small numbers in cells
“Other diagnosis included anaemia, fever of unknown origin, malnutrition and those entries in which “Other pathologies” was mentioned

without specifying a diagnosis

Final status remained as “Probable EVD" or “Suspected EVD" in these patients: Reason is not clear from the available data and may be a
data entry error or due to the fact that the patient left or died before a final diagnosis could be established.

Page 9 of 21



F1000Research 2024, 13:642 Last updated: 03 SEP 2024

Table 3. Comparison of pre-diagnostic delays in suspected and confirmed Ebola Virus Disease (EVD) patients
admitted to centralised Ebola treatment centres and decentralised treatment centres during the 2020 EVD
outbreak in Equateur Province, Democratic Republic of the Congo.

EVD patients and time periods Type of facility visited first P-value

Centralised Ebola treatment  Decentralised treatment

centre centre

N* Duration (in days) N Duration (in days)

Median  (IQR)” Median  (IQR)”

All suspected cases of EVD
Symptom onset to first admission 1978 4 (2-7) 352 2 (1-4) <0.001
Symptom onset to diagnosis 1753 4 (2-7) 229 3 (2-6) <0.001
Confirmed cases of EVD
Symptom onset to first admission 72 5 (2-8) 6 (2-14) 0.727
Symptom onset to diagnosis 72 6 (3.5-8) 6 (2-14) 0.342
Non-EVD cases
Symptom onset to first admission 1903 4 (2-7) 346 2 (1-4) <0.001
Symptom onset to diagnosis 1681 4 (2-7) 223 3 (2-6) <0.001

°N represents the number of entries with valid dates for calculating duration.
PIQR = inter quartile range.

facilities. In total, 895 (45%) patients with suspected EVD who first visited an ETC and 137 (38%) who first visited a
DTC were not vaccinated. At the time of admission, certain signs or symptoms were reported by a significantly higher
proportion of patients with suspected EVD who visited an ETC first compared to a DTC, for example: fatigue (75% vs
54%), muscle pain (35% vs 20%), breathlessness (13% vs 4%), bleeding (7% vs 3%), and dysphagia (7% vs 3%). Apart
from EVD, the most common final diagnosis included malaria in 954 (48%) patients first admitted to an ETC and
57 (16%) patients first admitted to a DTC.

Table 3 shows a comparison of pre-diagnostic delays based on the type of facility visited first. When all patients with
suspected EVD were considered, the duration between symptom onset and admission to an EVD health facility was
significantly shorter among those first admitted in a DTC (Median: 2 days, Interquartile range [IQR]: 1-4 days) compared
to an ETC (Median: 4 days, IQR: 2-7 days). Similarly, the duration between symptom onset and diagnosis was
significantly shorter among those first admitted in a DTC (Median: 3 days, IQR: 2-6 days) compared to an ETC
(Median: 4 days, IQR: 2-7 days).

Among patients with suspected EVD who were later confirmed to be EVD-positive, there was no significant difference in
the time to admission and time to diagnosis based on the type of facility (Table 3).

Among the patients with suspected EVD for which the final status was EVD-negative, the duration between symptom
onset and admission among those first admitted to a DTC (Median: 2 days, IQR: 1-4 days) was significantly shorter than
among those who were first admitted to an ETC (Median: 4 days, IQR: 2-7 days). Also, the time to diagnosis was
significantly shorter among EVD-negative patients first admitted to a DTC compared to an ETC (Table 3).

The final outcomes of the 78 EVD-positive patients are shown in Table 4. Among the 72 EVD-positive patients first
admitted in an ETC, 60 (83%) were cured and 10 (14%) died. All six EVD-positive patients first admitted in a DTC were
cured.

Discussion

To our knowledge, this is the first study exploring the decentralised model of care piloted during the 2020 EVD outbreak
in the Equateur province of DRC. The study has three key findings. First, one out of seven patients with suspected EVD
was first admitted to a DTC. Second, DTCs managed to reduce the time to admission diagnosis in all patients with
suspected EVD (including some diagnosed later as EVD-negative). Third, 3% of all patients with suspected EVD were
confirmed to have EVD. There were 12 EVD deaths in ETCs and none in a DTC.
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Table 4. Comparison of final outcomes of patients with confirmed Ebola Virus Disease (EVD) based on type of
care facility initially visited during the 2020 EVD outbreak in Equateur Province, Democratic Republic of the
Congo.

Final outcome Total Type of facility visited first P-value

(N=78) Centralised Ebola Decentralised

treatment centre (N=72) treatment centre (N=6)
n (%) n (%) n (%)
0.757

Died 10 (12.8) 10 (13.9) 0 (0.0)
Cured 66 (84.6) 60 (83.3) 6 (100.0)
Lost to follow-up 1 (1.3) 1 (1.4) 0 (0.0)
Transferred to other ETC 1 (1.3) 1 (1.4) 0 (0.0)

The piloting of the DTC model marks a paradigm shift in outbreak control in the region — from a mostly EVD-centric
approach to a more community-centric approach.'*™'” The DRC’s “Strategic response plan for the EVD outbreak: 2018”
calls for strengthening existing heath facilities and empowering the existing health workforce to conduct efficient EVD
triage, maintain continuity of EVD and non-EVD care, and take healthcare closer to communities so that individuals can
seek care early.'®

The study has certain limitations. Since the dates of treatment initiation were missing for the majority of the patients, we
could not evaluate the time taken to initiate treatment at ETCs compared to DTCs. Confounders like severity of illness
(cycle threshold values) and the geographic proximity of patients to an EVD health facility might have impacted the time
to admission, but we were unable to adjust for these due to the non-availability of data. These parameters should be
meticulously documented in future outbreaks to enable a comprehensive evaluation of the DTC model. Given the small
number of cases in this outbreak, we are unable to comment on whether the reduction in time to admission led to a
difference in outcomes among patients first admitted to a DTC compared to an ETC. We were also unable to conduct
qualitative interviews among patients and caregivers in these facilities, which could have provided in-depth insights into
patient and provider perspectives around care seeking and delivery during the outbreak.

Despite these limitations, this study has important implications, more so because this is the first study exploring a
decentralised model in the Equateur Province. Only 15% of the patients with suspected EVD in the 2020 outbreak first
sought care in a DTC. This could be due to the fact that the DTCs were piloted one month into the outbreak in a limited and
phased manner. Therefore, the ETCs bore the brunt of cases during the outbreak.

The DTCs appear able to reduce the time taken to admit and diagnose (EVD or non-EVD) patients with suspected EVD.
This has two implications. First, DTCs could provide diagnosis and care to patients with other conditions during the
outbreak. In countries like the DRC, a wide spectrum of febrile illnesses like malaria and viral haemorrhagic fevers are
prevalent.'*" As care provision for these illnesses has been disrupted during previous EVD outbreaks in this region,”'**
the establishment of DTCs might help overcome this issue. Second, the median time to admission was three days in the
DTCs which was slightly lower than that reported in previous outbreaks in the DRC.”*** A reduction in time to admission
and diagnosis among confirmed EVD patients could be crucial for initiating early EVD specific treatment and thus
reducing mortality.'-*’

All six of the patients with confirmed EVD who first visited a DTC were diagnosed and cured at the same facility (i.e., the
one initially visited). These patients might have had milder forms of disease which did not require referral. While this
represents too small a number from which to draw firm conclusions on the effect of decentralised care on patient outcomes
among those EVD-positive and could also be influenced by the severity of illness in those presenting to the DTC, it is an
encouraging finding.

There is need to look at this model critically. Only 3% of all patients with suspected EVD admitted to a treatment centre
were eventually diagnosed as EVD-positive. The 2020 outbreak resulted in 130 cases, among which 55 died.” However,
only 78 patients (10 of whom died) were admitted to an EVD health facility. The rest of the patients were identified during
contact tracing but could not be located or brought to a facility. The majority of deaths happened in the community, which
indicates that severely ill patients who needed urgent care either did not seek care or could not be provided with care. More
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needs to be done to ensure that people have access to timely diagnostics and medical care. A qualitative exploration of the
circumstances which led to these community deaths might be useful to understand why these individuals did not or could
not access facility-based care. Also, since <5% of the patients admitted with suspected EVD were diagnosed as EVD,
there is need for better screening to optimise resource utilization and infection control.

In conclusion, this assessment of the decentralised model of EVD care provision in Equateur was unable to draw
inferences on the impact of the model on treatment outcomes due to the relatively small size of the 2020 outbreak and lack
of data on potential confounding factors which could impact outcomes. Notwithstanding the limitations of this study,
decentralized models of care offer an opportunity to potentially reduce community transmission of EVD and improve
access to care for all diseases, especially in remote and hard-to-reach areas. At the same time, it is imperative to ensure
availability of relevant, timely and quality assured data during any future outbreaks for monitoring the response and
comprehensively assessing the utility of decentralized models in the context of the DRC.
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Francesco Branda
Unit of Medical Statistics and Molecular Epidemiology, Universita Campus Bio-Medico di Roma,
Rome, Italy

Summary:

This brief report evaluates centralized and decentralized models of care during the 2020 Ebola
virus disease (EVD) outbreak in Equateur Province, Democratic Republic of Congo. The study
compared the time from symptom onset to admission and diagnosis of patients with suspected
EVD at centralized Ebola treatment centers (ETCs) versus decentralized treatment centers (DTCs)
experienced during the outbreak. The main results were:

1. 15% of patients with suspected EVD were admitted to a DTC for the first time.

2. The time to admission and diagnosis was significantly shorter for patients admitted to DTCs for
the first time compared to CTEs.

3. Only 3% of all patients with suspected EVD were confirmed to have EVD.

4. There were no deaths from EVD in CDIs, compared with 12 deaths in CTEs.

The authors conclude that decentralized care models can help reduce community transmission
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and improve access to care, especially in remote areas, although further research is needed given
the small size of the outbreak.

Evaluation:

1. Is the study design appropriate and is the work technically sound? Yes, the cohort study design
using secondary analysis of clinical data is appropriate for the research questions. The statistical
methods used are sound.

2. Are the methods and analyses detailed enough to allow replication by others?
In part. More detail could be provided on:

- Specific criteria used to designate a facility as an ETC or DTC.

- Process for creating DTCs (e.g., how existing facilities were selected/equipped).
- Data cleaning and quality control procedures for the list of data lines.

- Handling of missing data

3. If data is available, is the source and origin of the data clearly indicated?
Yes, the source of the data (list of MOH lines) is clearly indicated and a link to the anonymized
dataset is provided.

4, Are the conclusions drawn adequately supported by the results?

In part. The conclusions are generally supported, but some caveats could be stated more
explicitly:

- The small number of confirmed EVD cases limits conclusions about outcomes.

- Potential confounding factors not taken into account (e.g., disease severity, geographic
proximity).

- Lack of qualitative data on patients' and providers' perspectives.

5.Is the article comprehensibly presented and written in standard English?

Yes, the article is well written and clearly presented.

Recommendations for improvement:

1. Provide more methodological details as indicated above to improve reproducibility.

2. Expand discussion of limitations, particularly regarding the small number of confirmed cases
and potential confounding factors.

3. Include, if possible, a brief qualitative component (e.g., interviews with health care providers) to
provide context on the implementation of the DTC model.

4. Clarify whether sensitivity analyses were conducted to assess the impact of missing data.

5. Consider adding a figure showing the time trend of DTC establishment and number of cases to
illustrate the phase-in.

6. Provide more detail on deaths in the community that occurred outside of facilities, if available,
to put the results in context.
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7. Discuss more explicitly in the conclusions the implications and recommendations for future
outbreaks.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: My research interests are diverse, spanning various domains such as data
analytics, epidemic intelligence systems, and public health risk studies. To address these
questions, I developed novel methods that combine techniques from mathematical modelling,
and statistical inference (including Al and Machine Learning). My work focuses to epidemiological
and statistical consulting in hospital settings, applying statistical and molecular methods in clinical
settings, and analyzing climate-sensitive diseases like Dengue and Chikungunya and outbreaks
and pandemics such as SARS-CoV-2, Mpox, and Ebola.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Divya Nair

We thank the esteemed reviewer for the recommendations for improvement. We would like to
mention that this article is submitted under the ‘Brief Report’ category of the journal, and has a
word limit restriction of 2500 words. Therefore, we have tried to address the concerns to the
best of our ability within the constraints of the word limits.
1. Provide more methodological details as indicated above to improve reproducibility.
More detail could be provided on:
o Specific criteria used to designate a facility as an ETC or DTC. Response: As
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mentioned in the manuscript, the approach of decentralisation was piloted for the
first time in the Equateur province. The decision on designation of a facility as an
ETC or DTC was made empirically by the outbreak response team led by the MoH in
consultation with the various aid partners. While there was no standard guideline
document for these decisions, the following were the considerations. We have now
added a row in Table 1 explaining these.

o Process for creating DTCs (e.g., how existing facilities were selected/equipped).
Response: The main considerations for selecting DTCs is outlined in the revised
Table 1. Once a facility was selected to function as a DTC, the outbreak response
team demarcated a triage area and an isolation area, ensured supply of basic
personal protective equipment and apparatus required for sample collection-
transport and for providing supportive treatment for suspected cases were
available and established a biomedical waste management system, including
identification of safe burial spaces in consultation with the local community. These
have been enumerated in the revised version of the manuscript under the “Specific
setting” section.

o Data cleaning and quality control procedures for the list of data lines.Response:
During the outbreak, the MSF team (under directions of the MOH) developed a
common form to collect the basic details of patients admitted as suspected cases to
any EVD health facility. A healthcare worker was identified as a focal person in each
facility and was responsible for data collection and updation of the form on a daily
basis. This person was responsible for ensuring the quality and completeness of the
data. MSF supervisors were responsible for electronic entry from paper forms on to
an MS Excel file, known as the ‘Common linelist’. At the time of digitization, the
supervisor would check for data completeness and whenever possible coordinate
with the facility focal person to retrieve missing data from the facility treatment
records and update the linelist. During the outbreak, this linelist was used primarily
to know the occupancy rate of facilities and the vaccination status of suspected
cases and these variables were the focus of quality control processes during the
outbreak. We have included a brief description of this process in the revised version
of the manuscript in the ‘Data collection, sources, and analysis’ section. We have
also highlighted the quality issues and the need for good quality data in Discussion
section.

Handling of missing data. Response: The number of observations with missing
data are reported for key variables. Since the outcome variables (time to diagnosis
and time to admission) were non-parametric, imputation techniques and sensitivity
analysis to assess impact of missingness in these variables were not performed.
Statistical tests were performed after omitting the observations with missing data
for the outcome variables pertaining to the test. This has been added under the
“Data collection, sources, and analysis” section of the revised manuscript
2. Expand discussion of limitations, particularly regarding the small number of
confirmed cases and potential confounding factors. The conclusions are generally
supported, but some caveats could be stated more explicitly: The small number of
confirmed EVD cases limits conclusions about outcomes. Potential confounding
factors not taken into account (e.g., disease severity, geographic proximity). Lack of
qualitative data on patients' and providers' perspectives.Response: We agree with this
suggestion and have tried to bring in the limitations in the “Conclusion” paragraph.
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3. Include, if possible, a brief qualitative component (e.g., interviews with health care
providers) to provide context on the implementation of the DTC model. Response: We
agree that a qualitative component would have added value to this assessment. However,
we are unable to conduct a qualitative inquiry at present because: (1) Since the outbreak in
2020, there have been massive staff turnovers and the relevant health care workers are no
longer available in health zones which can be accessed by the principal investigator. (2)
There is an ongoing political unrest and a Monkey Pox outbreak in the DRC which has led
to diversion of human resources to conflict zones and MPox response. The principal
investigator himself and the co-authors from DRC are involved in the response and shall
not be able to conduct the qualitative interviews (seek ethical approvals, trace and
interview the healthcare workers, analyse data).We have therefore cited this as a
limitation. Also, we have referenced and cites a situational analysis of the first 90 days of
the outbreak conducted by UNICEF (Reference 6), which provides some qualitative insights
into the communities’ non-acceptance for ETCs and makes recommendations for
decentralised care provision.

4. Clarify whether sensitivity analyses were conducted to assess the impact of missing
data. Response: In this study, the key outcomes of interest which has missing data were
time to diagnosis and time to admission. Both these variables were found to be non-
parametric. To do a sensitivity analysis, we would need to use an imputation technique. We
could apply a non-parametric imputation technique (hot-deck/ predictive mean matching)
to generate their imputed values but we are unaware of any robust statistical package
which would allow us to perform a Mann-Whitney test on the multiply imputed data sets.
Therefore, we have refrained from using any imputation techniques in this study

5. Consider adding a figure showing the time trend of DTC establishment and number
of cases to illustrate the phase-in. Response: We have now provided a figure titled
“Graph showing the time trend of confirmed cases and the establishment of Centralised
Ebola treatment centre (ETC) and Decentralised treatment centre (DTC) in Equateur
Province, Democratic Republic of Congo during the 2020 outbreak of Ebola Virus disease”
as Figure 2.

6. Provide more detail on deaths in the community that occurred outside of facilities, if
available, to put the results in context. Response: We are unable to provide any more
detail on deaths that occurred outside of facilities, apart from what is already stated in the
manuscript. These deaths were retrospectively classified as Ebola deaths because of
identified epidemiological links with confirmed cases of EVD. The reason for delayed
notification of deaths and subsequent investigations could possibly be due to the
occurrence of EVD cases in remote health zones in Northern parts of the province, which
had no experience with EVD outbreaks in the past. However, this is speculative and we are
unable to substantiate this with available data.

7. Discuss more explicitly in the conclusions the implications and recommendations for
future outbreaks. Response: We have tried to expand the conclusion with inclusion of
limitations and recommendations.

Competing Interests: None
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