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ABSTRACT
Introduction  Liberia was heavily affected by the 2014–
2016 Ebola virus disease (EVD) outbreak. With substantial 
investments in interventions to combat future outbreaks, it 
is hoped that Liberia is well prepared for a new incursion. 
We assessed the performance of the current EVD 
surveillance system in Liberia, focusing on its ability to 
promptly detect a new EVD outbreak.
Methods  We integrated WHO and US Centers for Disease 
Control and Prevention guidelines for public health 
surveillance system evaluation and used standardised 
indicators to measure system performance. We 
conducted 23 key informant interviews, 150 health facility 
assessment surveys and a standardised patient (SP) study 
(19 visits) from January 2020 to January 2021. Data were 
summarised and a gap analysis conducted.
Results  We found basic competencies of case detection 
and reporting necessary for a functional surveillance 
system were in place. At the higher (national, county 
and district) levels, we found performance gaps 
in 2 of 6 indicators relating to surveillance system 
structure, 3 of 14 indicators related to core functions, 
1 of 5 quality indicators and 2 of 8 indicators related to 
support functions. The health facility assessment found 
performance gaps in 9 of 10 indicators related to core 
functions, 5 of 6 indicators related to support functions 
and 3 of 7 indicators related to quality. The SP simulations 
revealed large gaps between expected and actual practice 
in managing a patient warranting investigation for EVD. 
Major challenges affecting the system’s operations across 
all levels included limited access to resources to support 
surveillance activities, persistent stock out of sample 
collection materials and attrition of trained staff.
Conclusion  The EVD surveillance system in Liberia may 
fail to promptly detect a new EVD outbreak. Specific 
improvements are required, and regular evaluations 
recommended. SP studies could be crucial in evaluating 
surveillance systems for rarely occurring diseases that are 
important to detect early.

INTRODUCTION
The West Africa Ebola virus disease (EVD) 
epidemic 2014–2016, caused by Ebolavirus 

Zaïre, was the largest ever recorded.1 Liberia 
was one of the three most affected coun-
tries,2 with 10 675 suspected, probable and 
confirmed cases and 4810 deaths.3 According 
to the United Nations Office for the Coor-
dination of Humanitarian Affairs, US$1·07 
billion were mobilised in 2014 to support the 
Liberian response and preparedness inter-
ventions through 47 institutions. In addition, 
US$3·9 million were received towards surveil-
lance, preparedness and response interven-
tions by 2016.4

Liberia’s Integrated Disease Surveillance 
and Response (IDSR) strategy was revised 
to include specific provisions for EVD, 
reporting tools and standard operating proto-
cols (SOPs) in 2016. Healthcare workers at 
all levels were trained on surveillance and 
response competencies.5 At health facili-
ties, healthcare workers received training on 
providing safe and quality services. Specific 
provisions include EVD surveillance, clin-
ical emergency and management, and infec-
tion prevention and control (IPC) tools. 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Ebola virus disease (EVD) surveillance systems in 
sub-Saharan Africa have been challenged with de-
lays in detecting new outbreaks.

	⇒ The most severe manifestation of delayed outbreak 
detection was the 2014–2016 EVD epidemic in West 
Africa.

	⇒ Issues with EVD surveillance include limited labo-
ratory capacity, inadequately trained staff, limited 
information technology resources and poor health-
seeking behaviour.

	⇒ Since the 2014–2016 EVD epidemic, multiple or-
ganisations have collaborated to improve EVD sur-
veillance, but formal evaluations of their ability to 
promptly detect a new outbreak are limited.
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Furthermore, laboratory diagnostic capacity for priority 
diseases, including EVD, was improved.5

As a result of these initiatives, it is hoped that Liberia is 
well placed to detect and respond promptly to a new EVD 
outbreak,6 fulfilling its obligations under the 2005 Inter-
national Health Regulations to prevent local and interna-
tional spread of the disease.7 However, given the number 
of activities and external agencies involved,8 optimal 
alignment of all resources and parties leading to achieve-
ment of this goal should not be assumed. Therefore, we 
aimed to assess the performance of Liberia’s EVD surveil-
lance system 5 years after the epidemic, focusing on its 
ability to detect and respond effectively to a potential new 
outbreak.

METHODS
Setting
This project was linked to a World Bank funded One 
Health project (EERP: 02/2016 TA; Crossover Diseases: 
Animal to Human Surveillance) in Liberia. It was a collab-
oration between researchers from the Ministry of Health, 
Liberia and the University of Otago, New Zealand (online 
supplemental file 1).

Liberia is a West African country with a population 
of approximately 5 million people. It is divided into 
15 counties, subdivided into 93 health districts. The 
Ministry of Health and the National Public Health Insti-
tute oversee operations nationwide. Each county has a 
‘county health team’, while districts have district health 
teams. Liberia implements a three-tier health system: the 
primary healthcare level includes clinics and commu-
nity health programmes; the secondary level consists of 
health centres and county hospitals; and the tertiary level 
consists of two health referral hospitals.9 In Liberia, EVD 
surveillance is implemented under the IDSR strategy, 

which categorises EVD as an ‘immediately reportable 
epidemic-prone disease’. An alert threshold is triggered 
if one case is suspected. An action or epidemic threshold 
is activated if the case is confirmed by laboratory testing.5

Conceptual framework
We primarily based this evaluation on the WHO frame-
work for evaluating surveillance systems because of its 
applicability to low-resource countries,10 which imple-
ment EVD surveillance through the IDSR strategy.5 WHO 
developed a framework with a list of indicators in 200411 
and an accompanying manual in 2006.12 It includes four 
components: structure, core functions, support func-
tions and surveillance quality and has been used to assess 
specific components of surveillance systems13 and the 
usefulness of the IDSR strategy.14 The surveillance system 
structure includes surveillance legislation, surveillance 
strategies, coordination, networking and partnership. 
The core functions include case detection and reporting, 
registration and confirmation, and routinely analysing 
and interpreting data captured.13 Other core functions 
are epidemic preparedness and response and feedback. 
The support functions include standards and guidelines, 
training and supervision and resources. Surveillance 
system quality involves the system’s usefulness and attrib-
utes (stability, flexibility, simplicity, acceptability, repre-
sentativeness and completeness).13

In addition, the framework provides a basis for iden-
tifying challenges in implementing IDSR.10 15 We used 
the 2001 update of the US Centers for Disease Control 
and Prevention (US CDC) guidelines for the evaluation 
of surveillance systems to assess the surveillance system’s 
quality component.16 This framework was designed to 
evaluate surveillance systems that monitor emerging 
threats from bioterrorism and imminent disease 
outbreaks.17

Study design and data collection
Using a mixed methods approach, we assessed system 
performance across the national, county, district and 
health facility levels (figure 1). Following a desk review to 
characterise Liberia’s surveillance system and finalise the 
evaluation design, we employed three main data collec-
tion methods: key informant interviews, a health facility 
survey and standardised patient (SP) visitation to health 
facilities. Data collection was implemented between 
January 2020 and December 2021.

Key informant interviews
We conducted 23 semistructured interviews with 22 
key informants (online supplemental table 1). We 
purposively selected seven key informants at the 
national level. Five counties were selected based 
on the case count of EVD during the 2014–2016 
EVD outbreak—classified as either high, medium 
or low. Surveillance activities during the 2014–2016 
epidemic, including data collection and EVD confir-
mation, were standardised across the country. The top 

WHAT THIS STUDY ADDS
	⇒ Ebola virus disease (EVD) surveillance systems in sub-Saharan 
Africa have been challenged with delays in detecting new outbreaks.

	⇒ The most severe manifestation of delayed outbreak detection was 
the 2014–2016 EVD epidemic in West Africa.

	⇒ Issues with EVD surveillance include limited laboratory capacity, in-
adequately trained staff, limited information technology resources 
and poor health-seeking behaviour.

	⇒ Since the 2014–2016 EVD epidemic, multiple organisations have 
collaborated to improve EVD surveillance, but formal evaluations of 
their ability to promptly detect a new outbreak are limited.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ The study presents detailed surveillance system-wide performance 
measures for policy-makers and those running health facilities, to 
inform the development of specific interventions to close perfor-
mance gaps.

	⇒ Future evalutions of surveillance for rarely occurring but severe 
diseases, which need to be detected early, could incorporate SP 
studies as part of the assessment process.

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2023-012369 on 2 A

ugust 2023. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjgh-2023-012369
https://dx.doi.org/10.1136/bmjgh-2023-012369
https://dx.doi.org/10.1136/bmjgh-2023-012369
http://gh.bmj.com/


Shannon, II FQ, et al. BMJ Glob Health 2023;8:e012369. doi:10.1136/bmjgh-2023-012369 3

BMJ Global Health

two counties for total case count were selected from 
the high and medium categories, while the county 
with the lowest case count was selected from the list 
of ‘low’ burden counties. We randomly selected two 
health districts from each of the five counties to inter-
view district surveillance officers. We adapted generic 
questionnaires from the WHO and US CDC surveil-
lance evaluation frameworks16 18 to develop the study 
interview guide. Questions were aligned with perfor-
mance indicators related to each component. We 
asked key informants questions related to indicators 
aligned with their specific level of operations (online 
supplemental table 2). We employed both face-to-
face (n=13) and telephone (n=10; due to COVID-19 
restrictions) interviews, which were digitally recorded 
and transcribed. The key informant interviews were 
conducted between 25 January and 30 April 2020.

Health facility assessment
Using trained data collectors, we administered a 
survey to surveillance focal persons (SFPs) at 150 

health facilities across all 15 counties to provide a 
nationally representative evaluation19 of the core 
and support functions and the quality of the surveil-
lance system. We developed the assessment tool using 
the WHO Service Availability and Readiness Assess-
ment,19 and data quality review toolkit,20 and the US 
CDC tools.16 We excluded specialised health facilities, 
such as those for tuberculosis and mental health, and 
randomly selected health facilities from each of three 
strata: clinics, health centres and hospitals. Addition-
ally, the interviewer made a physical walk through of 
each health facility to observe key items directly. We 
implemented the questionnaire in the Census and 
Survey Processing System (CSPro) software applica-
tion (US Census Bureau, USA),21 22 and interviewers 
collected data on Android mobile devices. Forms 
were checked for completeness and transmitted to 
the online CSPro database at the end of each day. The 
health facility assessment was conducted betwteen 1 
June and 31 August 2020.

Figure 1  Flow diagram of Integrated Disease Surveillance and Response (IDSR) implementation at each level, Liberia, 2020–
2021. IHR, International Health Regulations.
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SP study
We conducted an unannounced SP study during a period 
of heightened EVD risk (1 December 2020–31 January 
2021) when there were two EVD outbreaks in The Demo-
cratic Republic of Congo (1 August 2018–25 June 2020) 
and Guinea (14 February 2021). Using stratified random 
sampling, we selected 20 health facilities in Bong and 
Montserrado counties—5 hospitals, 5 health centres and 
10 clinics. SPs were purposively recruited after engaging 
communities around health facilities selected for the 
study and considering their age, educational level, occu-
pation and gender. We developed three clinical scenarios 
(online supplemental table 3) portraying early symp-
toms of EVD, consistent with the national criteria for a 
suspected EVD case.23 We trained SPs by educating them 
about EVD and using role plays to depict ‘real-life’ mani-
festations of the clinical symptoms and presentation. We 
coached them on potential biohazards in health facil-
ities, strategies to avoid infection and approaches to 
decline invasive medical procedures.24 We evaluated SPs 
clinically25 as part of the selection process to limit and 
minimise alternative diagnoses. We conducted postvisit 
interviews with the clinical staff that screened the SPs 
and with the SPs. These evaluated healthcare workers’ 
screening practices for EVD related to the visits and 
documented their practices from the SPs’ perspective. 
Due to the COVID-19 pandemic, we enrolled fewer SPs 
than planned and assessed half of the sample of health 
facilities.

Performance measurements
We adapted indicators informed by the WHO and US 
CDC guidelines. We set indicator targets to represent 
reasonable performance expectations consistent with 
Liberia’s IDSR strategy. Regarding the surveillance 
system’s structure, we assessed indicators linked to surveil-
lance legislation, strategies, coordination, networking 
and partnership. Regarding core functions, we assessed 
indicators related to case detection and reporting, 
registration, confirmation, analysis and interpretation 
of data routinely captured by the system. We also meas-
ured the level of preparedness at each level of the system 
regarding. Furthermore, we assessed the provision of and 
described mechanisms for feedback. Regarding support 
functions, indicators evaluated covered the existence 
of standards and procedures, the proportion of trained 
staff with core competencies and supervision. Addition-
ally, we determined the proportion of surveillance units 
with evidence of appropriate budgetary allocation. For 
surveillance system quality, we assessed indicators related 
to simplicity, acceptability, representativeness, stability, 
flexibility, data completeness and usefulness for evidence-
based decision-making.

Data management and analysis
All quantitative data were imported to Microsoft Excel 
(Microsoft Corporation, Redmond, Washington, USA) 
and cleaned to eliminate inconsistencies and correct 

typographical errors where necessary. Each dataset was 
stored in an Excel comma-separated value file format. 
The transcripts from digital recordings of the key 
informant interviews were cleaned and stored as separate 
Microsoft Word (Microsoft Corporation) documents. 
For quantitative data, we conducted descriptive analyses 
and summarised the data into frequencies and propor-
tions. All statistical analyses were done using STATA 
(V.16.1) (StataCorp LLC, Texas, USA). We used weighted 
percentage scores, which took into account the relative 
numbers of the different types of facility across Liberia, 
to measure each indicator. For the SP study, we directly 
compared health facility assessment findings with their 
associated results from the field evaluation. We described 
the associations between the system’s expected perfor-
mance and the actual performance in the field. For the 
qualitative analysis, we analysed transcripts and interview 
notes using NVivo V.1.5 (QSR International, Melbourne, 
Australia) according to the performance indicators. We 
conducted a gap analysis comparing the observed results 
to a standard predetermined target. These predeter-
mined targets were based on WHO’s standard bench-
marks for surveillance and response indicators, focusing 
on an overall goal of a high-performing, but not perfect, 
system and taking the single disease focus into account 
(online supplemental table 2).

RESULTS
Key informant interviews
With respect to the key informants, 90% (n=20) were 
male. Their median (range) age was 41·5 (32–60) years. 
Eleven had completed a Master’s degree in public health 
or a related field, while five had completed a Bachelor’s 
degree (one in Public Health). The interviews lasted a 
median (range) of 24·8 (15–50) min (online supple-
mental table 1).

Surveillance system structure
At the national, county and district levels, all (100%) of 
the surveillance units had a copy of the roles and respon-
sibilities of stakeholders, while 89% (n=17) reported 
having a strategic plan of action. Four (one per quarter) 
intersectoral meetings, and one cross-border collabora-
tive initiative, were held at the national level over the year 
before the assessment (table 1).

Core functions
At the national, county and district levels, all (100%) of 
the surveillance units had the standard case definitions 
for EVD, and all (100%) of the surveillance managers and 
officers displayed correct knowledge of them. All of the 
surveillance officers used the required case-based form, 
and the one recent suspected EVD case was referred for 
confirmation within 24 hours. Of the 40 samples from 
suspected EVD patients at the National Reference Labo-
ratory, 98% (n=39) were tested, and all results were 
disseminated within 72 hours. Meanwhile, 73% (n=11) of 
15 surveillance units reported no stockout of EVD sample 
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collection supplies in the previous 3 months. However, 
only one unit reported that they had adequate funds 
(table 2).

Support functions
All of the surveillance managers and officers at the 
national, county and district levels reported having 
training in IDSR and field epidemiology. Similarly, there 
were technical guidelines and SOPs relating to EVD 
surveillance and response, including sample collection, 
across all surveillance units. However, only 1 of the 12 
surveillance units with budgetary functions showed 
evidence of a budget for implementing surveillance activ-
ities related to EVD (table 2).

Surveillance system quality
All of the surveillance units at the national, county and 
district levels produced weekly and quarterly reports and 
bulletins (table 2; usefulness). There was one standard-
ised form for reporting suspected EVD cases and two 
channels for reporting (simplicity). The EVD surveil-
lance system is interoperable with other subsystems (eg, 
Lassa fever, Marburg, Yellow fever) (flexibility). Approxi-
mately, 85% of stakeholders actively participated in EVD 
surveillance activities at least 3 months before the assess-
ment (table 3).

Health facility assessment
Of 150 assessments, data were adequate for analysis from 
149 facilities, representing 18% (149) of the country’s 

828 facilities. Of these, 88% (n=119) were clinics, 4% 
(n=11) were hospitals and 7% (n=19) were health centres. 
Additionally, 80% (n=117) were government-managed 
public facilities. More than 60% (n=101) of the 149 SFPs 
interviewed were nurses, while about 20% (n=27) were 
midwives, 4 were nurse aides and 7 were trained in other 
professions.

Core functions
At the health facility level, 84% (n=126) of SFPs displayed 
correct knowledge of the standard EVD case definitions. 
Furthermore, 70% (n=104) of 149 health facilities had 
a stock of case-based EVD reporting forms. In addition, 
36% (n=53) of 149 SFPs portrayed correct knowledge of 
collecting and packaging EVD samples. Approximately 
56% (n=85) of 149 health facilities reported no stockout 
of EVD sample collection kits at least 3 months before the 
assessment (figure 2A).

Support functions
Approximately 89% (n=133) of 149 health facilities 
reported no stockout of case-based reporting forms 
at least 3 months before the assessment; 71% (n=106) 
reported having necessary technical guidelines; and 69% 
(n=103) reported having training in surveillance compe-
tencies. In addition, 24% (n=36) of 149 health facilities 
reported having a functional designated mobile phone 
for reporting suspected EVD cases (figure 2B).

Table 1  Performance of surveillance system structure at national, county and district levels, 2020–2021

System parameters Indicator Denominator Expected performance Observed n (%)

Surveillance legislation (laws and regulations)

 � Existence of national 
legislative support for 
surveillance and response to 
EVD

Laws related to EVD surveillance and 
response recalled across surveillance 
managers

1 100% 1 (100%)

Surveillance units with a copy of the 
National Public Health Law

19 surveillance 
units

80% 2 (10.5%)

Surveillance strategy and coordination

 � Presence of plan of action 
for EVD surveillance and 
response

Surveillance units with a strategic 
plan of action for Ebola surveillance 
and response

19 surveillance 
units

100% 17 (89.5%)

 � Existence of documented 
roles and responsibilities 
for EVD surveillance and 
response at all levels of the 
surveillance system

Surveillance units with a copy of roles 
and responsibilities of stakeholders 
of the EVD surveillance and response 
system

19 surveillance 
units

80% 19 (100%)

Networking and partnership

 � Evidence of intersectoral 
collaboration, networking and 
partnership

Intersectoral collaboration, 
networking and partnership meetings 
held at the national level in the past 
1 year

NA 4 4

 � Cross-border collaborations Cross-border collaboration activities 
implemented at the national level in 
the past 1 year

NA 1 1

EVD, Ebola virus disease; N/A, not applicable (indicators characterised as ‘number’ observed…, for example, number of case-based 
forms).
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Table 2  Performance of core and support functions at national, county and district levels, Liberia, 2020–2021

System parameters Indicator Denominator Expected performance Observed n (%)

Core functions

Case detections

 � Mechanism for outbreak 
detection

Standard case definitions for EVD on file 19 surveillance units 100% 19 (100%)

Knowledge of a standard case definition 
for a suspected case of EVD at the 
county and district levels

15 surveillance 
officers

100% 15 (100%)

Knowledge on standard case definition 
for a suspected case of EVD at national 
level

7 surveillance officers 100% 7 (100%)

Using standard case definitions to 
validate suspected cases of EVD at 
county and district levels

15 surveillance 
officers

100% 15 (100%)

Case registration

 � Mechanisms to record 
suspected cases

Line list/databases of suspected EVD 
cases

19 surveillance units 100% 19 (100%)

Case reporting

 � Case-based reporting Reporting the use of case-based forms 
to report suspected EVD cases

Total number of 
suspected case report 
observed during the 
recall period

1 1 (100%)

Case confirmation

 � Confirmation of EVD Samples tested with results available 
within 72 hours of reception

Total number of 
suspected case report 
observed during the 
recall period

80% 13 (92.8%)

Samples referred from county and 
district levels within 24 hours

Total number of 
suspected case report 
observed during the 
recall period

100% 1 (100%)

 � Supplies for EVD 
specimen collection and 
transportation

Reporting no stockout of supplies for 
EVD specimen collection

15 surveillance units 80% 11 (73.3%)

Data analysis and interpretation

 � EVD surveillance data 
analysis and interpretation

Evidence of descriptive analysis of EVD 
data

19 surveillance units 80% 18 (95%)

Epidemic preparedness, response and control

 � Epidemic preparedness 
plan

Evidence of an epidemic preparedness 
plan for EVD

19 surveillance units 100% 18 (95%)

 � Emergency funds Existing adequate funds for emergency 
response

17 surveillance units 80% 1 (5.9%)

 � Feedback

 � Existence of regular 
feedback

Received lab results for suspected EVD 
samples

Total number of 
sample referred for 
confirmation during 
the recall period

100% 1 (100%)

 �  Reporting feedback from the next higher 
level

15 surveillance unit 100% 15 (100%)

Support functions

Standards and guidelines

 � Availability of surveillance 
guidelines

Copy of technical guidelines (2016) for 
EVD

19 surveillance units 80% 19 (100%)

 � Standard operating 
procedures for collection, 
packaging and 
transportation of Ebola 
specimen

Standard operating protocols for EVD 
specimen collection, packaging and 
transport

19 surveillance units 80% 19 (100%)

Continued
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Surveillance system quality
All SFPs identified one standardised suspected EVD 
case reporting form and three unambiguous channels 
for reporting to the higher levels (simplicity) (table 3). 
All (100%) of the health facilities sent regular reports, 
including ‘zero reporting’, to the higher levels (repre-
sentativeness). About 87% (n=129) of SFPs accepted 
EVD surveillance as their responsibility (acceptability). 
Only 40% (n=60) of 149 health facilities had a designated 
phone, access to a mobile cellular network, daily internet 
service and uninterrupted electricity during operational 
hours (stability) and only 13% (n=20) showed evidence of 
an EVD line list meeting expected standards (complete-
ness) (figure 2C).

SP study
In total, 9 SPs made 19 visits to 10 health facilities (hospi-
tals, health centres and clinics). Overall, 60% (n=6) of 
health facilities were in urban areas and 90% (n=9) were 
publicly owned or managed. Overall, 56% (n=5) of the 
9 SPs were male, and the median (range) age was 20 
(5–32) years.

Expected performance in the SP study versus actual performance
The health facility assessment showed 92% (n=13) and 
80% (n=29) of SFPs in Bong and Montserrado counties 
were recently trained in disease surveillance competen-
cies (table  4). All had displayed ‘correct’ knowledge 
of the standard clinical case definition for a suspected 
EVD case. In addition, 85% (n=12) and 91% (n=33) had 
responsive supervision. However, no SP was suspected 
of being an EVD case. Therefore, the sensitivity was 0%, 
and the timeliness of the EVD surveillance system was not 
estimated. Furthermore, healthcare workers infrequently 
probed SPs for contact with animals, 15% (n=3), similar 
symptoms in close contacts, 15% (n=3), or travel history, 
10% (n=2) (table 4).

Performance gap analysis
At the national county and district levels, we recorded 
performance gaps in 22·2% (n=8) of 36 indicators related 
to the surveillance system structure, core and support 
functions and surveillance system quality. The highest 
performance gaps for surveillance units were in relation 
to the presence of an existing and adequate budget for 
emergency response (74·1%), evidence of budget for 
surveillance activities (71·7%) or having a copy of the 
National Public Health Law (69·5%) (figure 3A).

We recorded performance gaps in 68·2% (n=15) of 22 
indicators assessed at the health facility level in core and 
support functions and surveillance system quality. The 
highest performance gaps were documented for data 
completeness (66·6%), SFP knowledge on the collection 
and packaging of EVD samples (64·1%), health facili-
ties having a designated functional mobile phone for 
reporting (55·8%) and evidence of data analysis (45·3%) 
(figure 3B). The SP study identified a 100% gap in perfor-
mance for the system’s sensitivity.

DISCUSSION
In this study, we found the EVD surveillance system in 
Liberia has the basic competencies required for case 
detection and reporting necessary for a functional 
surveillance system were in place. However, at the higher 
(national, county and district) levels, we found perfor-
mance gaps in 2 of 6 indicators relating to surveillance 
system structure, 3 of 14 indicators related to core func-
tions, 1 of 5 quality indicators and 2 of 8 indicators related 
to support functions. Similarly, at the health facility level, 
we found performance gaps in 9 of 10 indicators related 
to core functions, 5 of 6 indicators related to support 
functions and 3 of 7 quality indicators. In the field evalu-
ation, there was a large gap between expected and actual 
practice in managing a patient warranting investigation 

System parameters Indicator Denominator Expected performance Observed n (%)

Training

 � Trained on Integrated 
Disease Surveillance and 
Response

Surveillance managers at national level 
reporting training in Integrated Disease 
Surveillance and Response

7 officers/managers 80% 7 (100%)

 � Trained field 
epidemiologist

Surveillance managers at national level 
reporting training in field epidemiology

7 officers/managers 80% 7 (100%)

Surveillance officers at county and 
district levels reporting training in field 
epidemiology

15 surveillance 
officers

80% 15 (100%)

Supervision

 � Conduct of supervisions Conducted supervision(s) to immediate 
lower level

15 surveillance units 80% 11 (73.3%)

Resources

 � Evidence of budget Evidence of budget for surveillance 
activities

12 surveillance units 80% 1 (8.3%)

EVD, Ebola virus disease.

Table 2  Continued
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for EVD. These findings suggest that while Liberia has 
made substantial progress in EVD surveillance, there are 
several areas for improvement if a future EVD outbreak 
is to be detected promptly.

Concerning specific performance indicator findings, 
while no other studies have comprehensively evaluated 
EVD surveillance system performance, several studies 
have evaluated IDSR performance, within which EVD 
surveillance resides. Similar to our study, Nagbe et al5 
recorded inconsistencies when assessing the imple-
mentation of IDSR in Liberia. They found persistent 
stockouts of sample collection kits at health facilities 
and the need for correct knowledge of the packaging 
of EVD samples. Resources for surveillance were avail-
able at the national, county and district levels but not 
at the health facilities. Nagbe et al also found that data 
used for decision-making at the subnational levels were 
lacking.5 26

Similarly, Saleh et al27 found limited capacity for 
sample collection due to regular stockouts at health 

facilities when they assessed the core and support func-
tion of IDSR implementation in Zanzibar, Tanzania.27 
They also documented performance inconsistencies 
between the higher and lower levels of the surveillance 
system; case detection and reporting were poorest at 
the health facility level compared with the district and 
national. Support functions such as training opportu-
nities and trained staff, regular supervision, coordi-
nation and communication and logistic support were 
frequently inadequate at health facilities.27

In contrast to our study, a study by Ilesanmi et al 
assessing the surveillance system attributes found 
the acceptability of the EVD surveillance system in 
Tonkolili District, Sierra Leone, to be poor, but its 
usefulness was good.28 There was limited or no super-
vision of health facilities in Cameroon on evaluating 
the cholera surveillance.29 Separate studies assessing 
IDSR implementation in Ethiopia and Ghana showed 
fewer health facilities with the standard case defini-
tions of priority disease30; healthcare workers at health 

Table 3  Performance of surveillance system quality, Liberia, 2020–2021

Attributes Indicators Surveillance level Denominator
Expected 
performance Observed n (%)

Usefulness Surveillance units that produced 
reports/bulletin for decision-making

National county and 
district

17 surveillance 
units

100% 17 (100%)

Simplicity Case-based reporting forms 
required by the system for reporting 
suspected EVD

National county and 
district

NA 1 1

Existing reporting channels required 
for reporting suspected cases of 
EVD

National county and 
district

NA 1 2

Case-based reporting forms 
required by the system for reporting 
a suspected EVD case

Health facility NA 1 1

Existing reporting channels required 
for reporting suspected cases of 
EVD

Health facility NA 1 3

Flexibility Subsystems with which the EVD 
system is interoperable

National county and 
district

Total number 
of existing 
subsystems

80% 14 (100%)

Changes made to EVD case 
detection and reporting

National county and 
district

NA 1 1 (100%)

Stability Surveillance units reporting 
unscheduled electrical power 
outages that occurred

National county and 
district

17 surveillance 
units

0 17 (100%)

Surveillance units reporting EVD 
surveillance activities unhindered by 
lack of funds

National county and 
district

17 surveillance 
units

100% 6 (35.3%)

Acceptability Stakeholders actively participated in 
surveillance and response activities

National county and 
district

Total number 
of stakeholders 
required to 
participate in the 
system

80% 85%

Representativeness Reporting sites that sent weekly 
surveillance reports (including zero 
reports) of suspected EVD

National county and 
district

Total number of 
reporting sites 
observed during 
the recall period

100% 15 (100%)

EVD, Ebola virus disease; N/A, not applicable (indicators characterised as ‘number’ observed…, eg, number of case-based forms).
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Figure 2  Performance of core and support functions and surveillance system quality of Ebola virus disease (EVD) surveillance 
and response system at health facilities, Liberia, 2020–2021. (A) Core functions. (B) Support functions. (C) Surveillance system 
quality.
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facilities displayed poor knowledge of the case defini-
tion of a suspected EVD case, focusing only on bleeding 
manifestations.14

In the health facility survey, we found that a high 
proportion of healthcare workers had correct knowl-
edge of the standard case definition of suspected EVD 
and training in IDSR. Health facilities had the required 
screening aids for EVD available to healthcare workers. 
However, these did not translate into practices or 

behaviours consistent with the existing competencies 
in the health facilities. Our SP detection sensitivity was 
zero, which implies poor application of the standard 
case definition to identify the early symptoms of EVD. 
Healthcare workers probed less for EVD risk factors, 
including contact with wild animals, travel history or 
close relative(s) with similar symptoms. In addition, 
their practice of universal compliance with IPC was 
poor. Similar to our study, Daniels et al in 2017 found 

Figure 3  Performance gaps in EVD surveillance and response implementation at national county, district and health facility 
levels, Liberia, 2020–2021. (A) Gaps at national, county and district levels. (B) Gaps at health facility level.
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that no possible cases were detected when assessing 
the quality of care relating to asthma, tuberculosis, 
childhood diarrhoea and unstable angina in Nairobi, 
Kenya.24

In contrast, healthcare workers in the simulation 
exercises related to EVD case detection and response 
in Liberia31 32 and South Sudan33 showed a good 
understanding of the spectrum of EVD symptoms, 
with detection at 100%. However, the simulation exer-
cises involved informing the healthcare workers of the 
scenarios before implementation, limiting the ability to 
assess real-life practice. Another study that evaluated 
hospital interventions in China showed good adherence 
to IPC standards overall when screening SPs presenting 
as people living with HIV,34 contrary to our finding. 
This could possibly be explained by the perceived risks 
of HIV infection while working in an HIV clinic.

Our study has several strengths. First, integrating 
the WHO and US CDC frameworks and an indicator-
based approach allowed us to measure the whole 
system’s performance based on expected and achieved 
outcomes. Second, this evaluation was conducted in 
the context of IDSR, with EVD surveillance being a 
part of the integrated surveillance strategy. Hence, our 
results could be relevant to diseases similar to EVD and 
settings similar to Liberia. Third, the SP study assessed 
gaps between what healthcare workers were expected 
to do from the indicator measurements and what they 
did in practice.

Our study has some limitations. Purposive sampling 
may introduce sampling bias, although it is best suited 
to identify the most knowledgeable individuals. There 
was a male predominance of the respondents, although 
this did reflect the gender balance of the employees 
under study. We did not investigate the costs of oper-
ating the surveillance system, but we explored access 
to financial resources. We did not assess the Commu-
nity Event-Based Surveillance (CEBS) system, but 
we confirmed the existence of CEBS in catchment 
communities of health facilities we assessed. We did not 
complete the SP study as planned due to circumstances 
related to the COVID-19 pandemic. Its relatively small 
sample size may have limited our ability to make precise 
estimates of system performance against indicators. 
Finally, being a cross-sectional study, we did not assess 
changes in system performance over time.

Liberia’s EVD surveillance and response system 
may not be able to detect and respond to a new 
EVD outbreak as effectively or promptly as desired. 
Surveillance systems may especially fail to meet their 
objectives when one or more system components at 
each level perform poorly, as we found in this study. 
In addition to the Liberian Ministry of Health’s 
implementation of a dissemination plan related to 
this study’s findings, opportunities for changes to 
improve the system include enhancing capacity for 
timely reporting at health facilities, training and 
retaining healthcare workers at all levels, optimising 

surveillance competencies, preventing stockout of key 
sample collection kits and regularising supervision 
and mentorship at the subnational levels. Further 
studies could focus on possible variations in level of 
preparedness per region, system challenges and poten-
tial reasons for performance gaps, along with options 
for filling them. It is important to assure the govern-
ment and the people of Liberia that a widespread 
outbreak of this devastating disease will not happen 
again. Therefore, regular evaluations are advised. 
These should include using SP studies, which may be 
important to incorporate in surveillance system evalu-
ations for all infectious diseases that rarely occur but 
are crucial to detect early to save thousands of lives.
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Supplementary Materials 

Table 1: Distribution of key informant interviews by Institution, Liberia, 2020 

Institution/Organization Number of Key 

informants 

Position/Role 

Ministry of Health 1 Director/Health Management Information System 

National Public Health Institute 5 Surveillance Coordinator/Division of Infectious Disease and 

Epidemiology; Epidemic Preparedness and Response 

Coordinator/ Division of Infectious Disease and 

Epidemiology; Data Manager/ Division of Infectious Disease 

and Epidemiology; Director/Monitoring and Evaluation; 

Director/National Reference Laboratory 

World Health Organization 1 Technical Assistant/Surveillance and Response 

County Health Team (Montserrado, Lofa, 

Grand Bassa, Bomi & Rivercess counties) 

5 County Surveillance Officers 

District Health Team (Montserrado, Lofa, 

Grand Bassa, Bomi & Rivercess counties) 

10 District Surveillance Officers 
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Table 2:  Performance indicators for the assessment of Ebola Virus Disease surveillance in Liberia 

System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

Surveillance System Structure 

Surveillance Legislation (laws & regulations) 

Existence of National 

legislative support for 

surveillance and response 

to EVD 

Laws related to EVD 

surveillance and 

response recalled across 

surveillance managers  

Total number of existing 

laws 

Percentage 100% Key 

Informants 

(KI) 

Percent aggregate 

across all 

surveillance units 

Surveillance units with a 

copy of the National 

Public Health Law 

(NPHL)  

19 Surveillance Units Percentage  80% Paper and 

electronic 

documents 

Percent aggregate 

across all 

surveillance units 

Surveillance strategy and coordination 

Presence of plan of action 

(POA) for EVD 

Surveillance and Response 

Surveillance units with a 

strategic plan of action 

for Ebola surveillance 

and response 

19 Surveillance Units Percentage  100% Paper and 

electronic 

documents 

Percent aggregate 

across all 

surveillance units 

through document 

review 

Existence of documented 

roles and responsibilities 

for EVD surveillance and 

response at all levels of the 

surveillance system  

Surveillance units with a 

copy of roles and 

responsibilities of 

stakeholders of the EVD 

19 Surveillance Units Percentage  80% Paper and 

electronic 

documents 

 

Percent aggregate 

across all 

surveillance units 

through document 

review 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

surveillance and 

response system 

Networking and partnership 

Evidence of intersectoral 

collaboration, networking, 

and partnership 

Intersectoral 

collaboration, 

networking, and 

partnership meetings 

held at the national level 

in the past one year 

NA Number At least 

1/quart

er/year 

Paper and 

electronic 

documents 

 

Summary count of 

observations 

through document 

review 

Cross-border 

collaborations 

Cross-border 

collaboration activities 

implemented at the 

national level in the past 

one year 

NA Number At least 

1/quart

er/year 

Paper and 

electronic 

documents 

Summary count of 

observations 

through document 

review 

Core functions 

National County and District levels 

Case detections 

Mechanism for outbreak 

detection at managerial 

levels of the surveillance 

and response system 

Surveillance units with 

standard case 

definitions for EVD on 

file 

19 Surveillance Units Percentage  100% Paper and 

electronic 

documents 

Percent aggregate 

across all 

surveillance units 

through document 

review 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

Surveillance officers at 

county and district 

levels with knowledge 

on a standard case 

definition for a 

suspected case of EVD 

(6) 

15 Surveillance Officers Percentage 100% KI Percent aggregate 

across 3 levels 

Surveillance manager at 

national level with 

knowledge on standard 

case definition for a 

suspected case of EVD  

7 Surveillance Officers Percentage 100% KI Percent aggregate 

across surveillance 

at national level 

Surveillance officers at 

county and district 

levels using standard 

case definitions to 

validate suspected cases 

of EVD  

15 Surveillance Officers Percentage 100% KI Percent aggregate 

across 3 levels 

Case registration 

Mechanisms to record 

suspected EVD cases at the 

managerial levels of the 

surveillance and response 

system 

Surveillance units with 

line list/databases of 

suspected EVD cases 

 

 

19 Surveillance Units Percentage  100% Paper and 

electronic 

databases 

Percent aggregate 

across 3 levels 

through database 

review 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

 

 

 

 

Case reporting 

 

Case-based reporting of 

suspected EVD cases 

 

 

 

 

Surveillance Officers 

reporting the use of 

case-based form to 

report suspected EVD 

cases 

Total # of suspected 

case report observed 

during the recall period 

Percentage  100% Paper and 

electronic 

documents 

Percent aggregate 

across 3 levels 

through document 

review 

Case Confirmation 

Confirmation of epidemic 

prone disease, including 

EVD 

Samples tested in the 

past 3 months with 

results available within 

72 hours of reception  

Total # of sample tested 

during the recall period 

Percentage  80% Paper and 

Electronic 

Laborator

y database 

Percent aggregate 

across 3 levels 

through database 

review 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

 EVD samples referred 

from county and district 

levels within 24 hours in 

the past 3 months 

Total # of sample 

referred during the 

recall period 

Percentage  100% Specimen 

logbook 

Percent aggregate 

across county and 

district levels 

through document 

review 

 

Supplies for EVD 

specimen collection and 

transportation 

Surveillance units 

reporting no stockout of 

supplies for EVD 

specimen collection in 

the past 3 months 

15 Surveillance Units Percentage  80% Inventory 

logs 

Percent aggregate 

across appropriate 

units through 

document review 

Data analysis and interpretation 

 

EVD surveillance data 

analysis and interpretation 

Surveillance units with 

evidence of descriptive 

(Person, place and time) 

analysis of EVD data 

19 Surveillance Units Percentage  80% Bulletin 

boards, 

walls, 

electronic 

documents 

Percent aggregate 

across 3 levels 

through document 

review 

Epidemic Preparedness, Response and Control 

Epidemic preparedness 

plan for Ebola  

Surveillance units with 

an epidemic 

preparedness plan for 

EVD  

19 Surveillance Units Percentage  100% Paper and 

electronic 

documents 

Percent aggregate 

across 3 levels 

through document 

review 

Emergency funds Surveillance units with 

existing and adequate 
17 Surveillance Units Percentage  80% Paper and 

electronic 

documents 

Percent aggregate 

across 3 levels 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

funds for emergency 

response 

through document 

review 

Feedback 

Existence of regular 

feedback 

 

Surveillance Officers 

who received lab results 

for suspected EVD 

samples  

Total # of sample 

referred for 

confirmation during the 

recall period 

Percentage  100% Paper and 

Electronic 

Laborator

y database 

Total average 

percentage score 

Surveillance units 

reporting to have 

received feedback 

(bulletins/reports) 

received from the next 

higher level in the past 3 

months 

15 Surveillance Units Percentage 100% Paper and 

electronic 

documents 

Percent aggregate 

across 3 levels 

through document 

review 

Health facility level 

Case detection 

Mechanism for outbreak 

detection within health 

facilities 

Health facilities with 

standard case 

definitions for Ebola  

149 health facilities Percentage 100% Paper 

documents 

Weighted 

percentage through 

direct observation 

Surveillance Focal 

Persons with correct 

knowledge on standard 

149 Surveillance Focal 

Persons 

Percentage 100% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

case definitions to detect 

Ebola  

Case reporting 

Case-based reporting of 

suspected EVD cases 

Health facilities with a 

case-based form for 

suspected EVD cases  

 

 

149 health facilities 

Percentage 100% Paper 

documents 

Weighted 

percentage through 

direct observation 

Case confirmation 

Capacity for sample 

collection and referrals  

Surveillance Focal 

Person with “correct” 

knowledge of sample 

collection and 

packaging  

149 health facilities 

Percentage 100% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Supplies for Ebola 

specimen collection and 

transportation 

Health facilities without 

stockout of laboratory 

supplies related to Ebola 

specimen collection in 

the past 3 months 

149 health facilities 

Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Data analysis and interpretation 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

EVD surveillance data 

analysis and interpretation 

Health facilities with 

evidence of descriptive 

(Person, place, and 

time) analysis of EVD 

data 

149 health facilities 

Percentage 80% Paper 

documents 

Weighted 

percentage through 

direct observation 

Epidemic Preparedness and Control 

Availability of IEC 

strategy for surveillance 

and response to Ebola 

Health facilities 

reporting use of EVD 

data for community 

mobilization for Ebola 

surveillance and 

response 

149 health facilities 

Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Feedback 

Existence of regular 

feedback 

Health facilities with 

feedback during 

supervision  

149 health facilities 

Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Health facilities with 

monthly feedback from 

the next higher level 

149 health facilities 

Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Support functions 

National County & District levels 

Standards and guidelines 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

Availability of surveillance 

guidelines 

Surveillance units with a 

copy of technical 

guidelines (2016) for 

EVD  

19 Surveillance Units Percentage  80% Paper and 

electronic 

documents 

Percent aggregate 

across 3 levels 

through document 

review 

Standard operating 

procedures for collection, 

packaging and 

transportation of Ebola 

specimen 

Surveillance units with 

SOPs for EVD 

specimen collection, 

packaging and transport 

19 Surveillance Units Percentage  80% Paper and 

electronic 

documents 

 

Percent aggregate 

across 3 levels 

through document 

review 

Training 

Staff trained on integrated 

disease surveillance and 

response 

Surveillance managers 

at national level 

reporting training in 

IDSR  

7 managers Percentage  80% KI Percent aggregate 

across surveillance 

at national level 

Surveillance officers at 

county and district 

levels reporting training 

in IDSR 

15 Surveillance officers Percentage  80% KI Percent aggregate 

across 3 levels 

Surveillance units with 

trained Field 

Epidemiologist 

Surveillance managers 

at national level 

reporting training in 

Field Epidemiology 

7 Officers/managers Percentage  80% KI Percent aggregate 

across surveillance 

at national level 

Surveillance officers at 

county and district 

15 Surveillance officers Percentage  80% KI Percent aggregate 

across 3 levels 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

levels reporting training 

in Field Epidemiology 

Supervision 

Conduct of Supervisions  Surveillance units that 

conducted 

supervision(s) to 

immediate lower level 

in the past 3 months 

15 Surveillance Units Percentage  80% Paper and 

electronic 

documents 

Percent aggregate 

across 3 levels 

through document 

review 

 

Availability of budget for 

surveillance activities 

Proportion of 

surveillance units with 

evidence of budget for 

surveillance activities  

 

19 Surveillance Units Percentage 80% KI Percent aggregate 

across 3 levels 

Health facility level 

Standards and guidelines 

Technical Guidelines for 

Ebola Surveillance and 

Response 

Health facilities with 

Technical Guidelines 

Ebola Surveillance and 

Response 

149 health facilities 

Percentage 80% Paper 

documents 

Weighted 

percentage through 

direct observation 

Availability of case-based 

reporting forms at all levels 

of the surveillance system 

Health facilities with no 

stock out of case-based 
149 health facilities 

Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

reporting forms in the 

past 3 months 

Training 

Staff trained on 

surveillance 

Health facilities with 

trained staff in 

surveillance 

competences 

149 health facilities 

Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Supervision & Communication 

 

Mechanism for 

Supervisions 

Health facilities 

reporting supervision 

from the higher level in 

the past 3 months 

149 health facilities 

Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Health facilities 

reporting supervision to 

catchment communities 

in the past 1 month 

149 health facilities 

Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Availability of 

communication at health 

facilities 

Health facilities with 

functional phone for 

reporting of suspected 

EVD 

149 health facilities 

Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

and direct 

observation 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Glob Health

 doi: 10.1136/bmjgh-2023-012369:e012369. 8 2023;BMJ Glob Health, et al. Shannon, II FQ



System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

Surveillance system quality 

National County and District levels 

Usefulness Surveillance units that 

produced 

reports/bulletin  for 

decision-making in the 

past 3 months  

17 Surveillance Units Percentage  100% Paper and 

electronic 

documents 

Percent aggregate 

across 3 levels  

Simplicity Case-based reporting 

forms required by the 

system for reporting 

suspected EVD  

NA Number 1 KI Summary count of 

observations 

through KI 

interviews 

Existing reporting 

channels required for 

reporting suspected 

cases of EVD 

NA Number 1 KI Summary count of 

observations 

through KI 

interviews 

 Flexibility Sub-systems with which 

the EVD system is 

interoperable 

Total # of existing sub-

systems  

Percentage 80% KI Total average 

percentage score 

Changes made to EVD 

case detection and 

reporting in the past 1 

year 

NA Frequency At least 

1 per 

year 

KI Summary count of 

observations 

through KI 

interviews 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Glob Health

 doi: 10.1136/bmjgh-2023-012369:e012369. 8 2023;BMJ Glob Health, et al. Shannon, II FQ



System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

Stability Surveillance units 

reporting unscheduled 

electrical power outages 

that occurred in the past 

3 months 

17 Surveillance Units Percentage  0 KI Percent aggregate 

across 3 levels  

Surveillance units 

reporting EVD 

surveillance activities 

unhindered  by lack of 

funds in the past 3 

months  

17 Surveillance Units Percentage  100% KI Percent aggregate 

across 3 levels  

 

Acceptability 

Stakeholders actively 

participated in 

surveillance and 

response activities in the 

past 3 months 

Total # of stakeholders 

required to participate in 

the system 

Percentage  80% KI Percent aggregate 

across 3 levels  

Representativeness Reporting sites that sent 

weekly surveillance 

reports (including zero 

reports) of suspected 

EVD in the past 3 

months 

Total # of reporting sites 

observed during the 

recall period 

Percentage 100% Paper and 

electronic 

documents 

Percent aggregate 

across 3 levels  

Health facility level 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

Usefulness Health facilities with 

analysis outputs (table, 

graph, map, etc.) of 

EVD surveillance data 

reported 

149 health facilities Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Simplicity Case-based reporting 

forms required by the 

system for reporting a 

suspected EVD case 

NA Number 1 Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Existing reporting 

channels required for 

reporting suspected 

cases of EVD 

NA Number 1 Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Stability Health facilities with 

designated phone, 

access to a mobile 

cellular network, daily 

internet services, 

uninterrupted electricity 

during operational hours 

149 health facilities Percentage 85% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 

Acceptability Respondents that 

considers EVD 

surveillance and 

response activities as 

part of their routine 

work 

149 Surveillance Focal 

Persons 

Percentage 80% Surveillan

ce Focal 

Person 

Weighted 

percentage through 

survey interviews 
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System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

Representativeness Health facilities that 

sent weekly surveillance 

reports (including zero 

reports) of suspected 

EVD in the past 3 

months 

149 health facilities Percentage 100% Paper 

documents 

Percent aggregate 

based on survey 

interviews and 

document review 

Completeness Health facilities without 

“unknown” or “blanks” 

to required variables in 

EVD line list for the past 

3 months 

149 health facilities Percentage 80% Paper 

documents 

Percent aggregate 

based on survey 

interviews and 

document review 

Sensitivity Suspected EVD cases 

detected by the 

surveillance system 

Number of suspected 

EVD cases detected 

Percentage 100% Healthcare 

workers 

interview, 

IDSR 

register 

Percent aggregate 

based on follow up 

interviews with 

healthcare workers 

and document 

review 

Timeliness Suspect EVD cases 

reported to the next 

higher level 

immediately/within 24 

hours of detection 

Number of suspected 

EVD cases reported  

Percentage 100% Healthcare 

workers 

interview, 

IDSR 

register at 

health 

facility 

and district 

levels  

Percent aggregate 

based on follow up 

interviews with 

healthcare workers 
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Table 3: Description of Standardised Patients Scenarios, Liberia, 2020 

 

 

System parameters Indicator  Denominator/Total 

sample 

Unit of 

measurement 

Target  Data 

source 

Measurement 

method(s) 

Suspected EVD cases 

investigated within 48 

hours 

Number of suspected 

EVD cases reported 

Percentage 100% Healthcare 

workers 

interview, 

IDSR 

register at 

health 

facility 

and district 

levels 

Percent aggregate 

based on follow up 

interviews with 

healthcare workers 
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Case  Presentation Preferred management 

A 5-year old child  accompanied 

by mother/caregiver 

Visit the health facility and report a history of 

intermittent fever, unexplained crying, vomiting, and 

diarrhoea with blood over four days. Have self-

medicated with anti-malaria and antibiotics but 

symptoms persist. 

Enhance Standard (IPC) precautions at all 

times.  

Align patient symptoms with standard case 

definitions for suspected EVD.  

Probe for risks factors like travel history, 

contact with someone with similar symptoms 

and wild/bush animal.  

Request and collect specimen to confirm EVD; 

and isolate patient.  

Report case information immediately (via 

phone or text) to the appropriate level. 

A female 18 years and older Visit the health facility and report a history of loss of 

appetite, nausea, fever, joint pains, and lower 

abdominal pains. She also complains of seeing her 

menses (unexpectedly) for longer than usual. These 

symptoms have lasted for about a week. Have self-

medicated with anti-malaria and pain tablets, but 

symptoms persist. 

A male 18 years and older Visit the health facility and report weakness, headache, 

muscles, joint pains, vomiting, watery diarrhoea with 

blood, and with history of fever. These symptoms have 

lasted for up to 5 days. Have self-medicated with anti-

malaria and antibiotics, but symptoms persist. 
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Reflexibility Statement 

This study provides evidence for policy decision-making regarding Ebola Virus Disease (EVD) 

surveillance and response system strengthening, aligned with Liberia's Investment Plan for 

Building a Resilient Health System (2015 – 2021). 

The local researcher played the leading role in the study design. 

The funding supported field operations (e.g., data collection and daily substance allowance). 

We acknowledged the data collectors for their contributions to the study in this manuscript. All 

members of the research partnership have unlimited access to the study data. With support from 

a Biostatistician (a team member), the local staff led the data analysis for the entire project. 

This engagement provided an opportunity to improve data analytic skills locally. 

Through a concerted effort, every team member contributed to writing the original study report 

and this manuscript.   

The (local) research partner was regularly mentored and supported in enhancing their writing 

skills with comments and discussions while developing the study protocols and report writing. 

A copy of the original report for this project has been shared with the Coordinator for 

Monitoring and Evaluation, Research and Health Statistics at the Ministry of Health, Liberia. 

We have developed a result dissemination plan to deliver at least an oral presentation to 

policymakers at the National Public Health Institute and the Ministry of Health in Liberia. 

Undoubtedly, the LMIC researchers have played a leadership role, made immense 

contributions and are the sole owner of this work. The corresponding author is an LMIC 

researcher. As an early researcher, the Corresponding author was guided to gain practical 

experience in conducting a surveillance system evaluation, working in a multidisciplinary 

team, including a social scientist, biostatistician and infectious disease experts. This exposure 

provided an enhanced understanding of evaluation methodologies and valuable networking 

opportunities. The gender ratio was five males to one female. The gender disparity did not 

happen intentionally but instead was based on availability and interest from team members. 

The only female on the project played a pivotal role as the Biostatistician. 

This manuscript was written from a PhD scholarship for an LMIC researcher. 

The research findings clearly described Liberia's surveillance infrastructure and made 

recommendations suggesting improving the local infrastructure. 

We acquired multiple authorisations for this study from the health system's national, county 

and district levels. The study protocol was reviewed by a local Institutional  Review Board 

(IRB) to ensure protection for study participants. 
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