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Abstract

Background: Under the International Health Regulations (2005) [IHR (2005)] Monitoring and Evaluation Framework,
after action reviews (AAR) and simulation exercises (SimEx) are two critical components which measure the
functionality of a country’s health emergency preparedness and response under a “real-life” event or simulated
situation. The objective of this study was to describe the AAR and SimEx supported by the World Health
Organization (WHO) globally in 2016-2019.

Methods: In 2016-2019, WHO supported 63 AAR and 117 SimEx, of which 42 (66.7%) AAR reports and 56 (47.9%)
SimEx reports were available. We extracted key information from these reports and created two central databases
for AAR and SimEx, respectively. We conducted descriptive analysis and linked the findings according to the 13 IHR
(2005) core capacities.

Results: Among the 42 AAR and 56 SimEx available reports, AAR and SimEx were most commonly conducted in
the WHO African Region (AAR: n =32, 76.2%; SimEx: n=32, 52.5%). The most common public health events
reviewed or tested in AAR and SimEx, respectively, were epidemics and pandemics (AAR: n =38, 90.5%; SimEx:

n =46, 82.1%). For AAR, 10 (76.9%) of the 13 IHR core capacities were reviewed at least once, with no AAR
conducted for food safety, chemical events, and radiation emergencies, among the reports available. For SimEx, all
13 (100.0%) IHR capacities were tested at least once. For AAR, the most commonly reviewed IHR core capacities
were health services provision (n =41, 97.6%), risk communication (n =39, 92.9%), national health emergency
framework (n=39, 92.9%), surveillance (n =37, 88.1%) and laboratory (n =35, 83.3%). For SimEx, the most
commonly tested IHR core capacity were national health emergency framework (n =56, 91.1%), followed by risk
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communication (n =48, 85.7%), IHR coordination and national IHR focal point functions (n =45, 80.4%), surveillance
(n =31, 554%), and health service provision (n =29, 51.8%). For AAR, the median timeframe between the end of
the event and AAR was 125 days (range = 25-399 days).

Conclusions: WHO has recently published guidance for the planning, execution, and follow-up of AAR and SimEx.
Through the guidance and the simplified reporting format provided, we hope to see more countries conduct AAR
and SimEx and standardization in their methodology, practice, reporting and follow-up.

Keywords: International health regulations, International health regulations monitoring and evaluation framework,
After action review, Simulation exercises, Intra action review, Global health security, Public health emergency
preparedness and response, Public health emergency of international concern

Background the response for collective learning, identifying and doc-
Under the International Health Regulations (2005) [IHR umenting lessons learned and challenges, and institu-
(2005)], 194 Members States of the World Health tionalizing best practices seen during the respon&e-T].
Organization (WHO) and two other State Parties A SimEx is a form of practice, training, monitoring or
(Liechtenstein and the Holy See) are legally required toevaluation of capabilities, involving the description or
develop and maintain minimum core capacities to de- simulation of an emergency to which a described or sim-
tect, assess, notify, and respond to any potential publiailated response is made7[ 8. Both AAR and SimEXx
health emergency of international concern (PHEIC),[ have well established and internationally recognized
2]. Public health emergencies may be caused by emerstandard methodologies, including from WHO5S-8], as
ging and re-emerging infectious disease outbreakswell as from partner organizations9-18]. They aim to
natural disasters, social unrest and conflict, food con-test system functionality and coordination, with the
tamination, or industrial accident including chemical or results being a set of recommendations of activities
radioactive nuclear spills, among other hazard risks. proposed and prioritized by the country itself, thus
Following the Ebola virus disease (EVD) outbreak inultimately promotes ownership and enhance public
West Africa in 2014-16, at the 68th World Health health preparedness and response.
Assembly (WHA) in 2015, the IHR Review Committee AAR provides an unparalleled opportunity for ref-
recommended‘to move from exclusive self-evaluation, tolection and collective learning after a real infectious
approaches that combine self-evaluation, peer review andisease outbreak or other public health emergenciés [
voluntary external evaluations involving a combination Emerging and re-emerging infectious diseases pose a
of domestic and independent expé€rtg3]. In addition, continuous threat to humanity, and have become
the IHR Review Committee also recommended forincreasingly frequent as the human-animal interface be-
States Parties to urgently implement in-depth reviews ofcomes more interlaced9, 2Q]. It is in the interest of all
significant disease outbreaks and public health eventgountries to invest in global health security, given these
(PHEs). Consequently, the WHO secretariat developedhreats can have significant social and economic ramifi-
the IHR Monitoring and Evaluation Framework (IHR cations. The outbreak of EVD that occurred in West
MEF) [4], which consists of four complementary compo- Africa in 2014-2016 not only caused 11,308 deaths in
nents: one mandatory— the States Parties Annual Guinea, Liberia and Sierra Leone, as of 27 March 2016
Report (SPAR); and three voluntary Joint External [21], but was also estimated to have resulted in a cost of
Evaluations (JEE), After Action Reviews (AAR) and$53.19 billion (2014 USD)Z2]. Currently, the world is
Simulation Exercises (SImEX). also facing an unprecedented Coronavirus disease 2019
Among the four components of the IHR MEF, AAR (COVID-19) pandemic that was declared a PHEIC by
and SimEx are the two components that can assess th®/HO on 30 January 202043]. The COVID-19 pan-
functionality of a countrys health emergency prepared- demic has caused global social and economic disruptions
ness and response under an actuakal-life’ event or a with more than 38 million cases and one million deaths
simulated situation fi]. Both components are widely rec- as of 14 October 202024, with international travel and
ognized and used by Member States, WHO and partnertrade having been disrupted significantly.
organizations as key system improvement and learning Since the start of the COVID-19 pandemic, multiple
tools in emergency management. An AAR provides acountries have used and benefitted from SimEx to en-
means to observe and review actions undertaken in re-hance their COVID-19 preparedness and response.
sponse to a real event of public health concern. It fo-Many more countries have also been implementing
cuses on bringing together key stakeholders involved inSimEx as part of regular monitoring and evaluation of
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national IHR (2005) to enhance health security pre- WHO and partner organizations play an important
paredness. These include table top exercises and fullrole in both technical and financial support to countries
scale exercises, which tested the national capacity ten the planning and implementation of all four compo-
managing potential importation of COVID-19 or other nents of the IHR MEF and in developing their IHR core
emerging infectious disease outbreak. The lessons andapacities, including through SimEx and AAR. Analysis
recommendations that emerged from the exercise haveof this information can promote a more evidence-based
supported various aspects of the COVID-19 prepared-approach to assess and monitor effective IHR core cap-
ness and response, including strengthening national testacities in “real-life” or simulated situations, and thereby
ing capacity, early detection of COVID-19 cases, andstrengthen national and global preparedness. The objec-
enhancing preparedness at Points of Entries (PoEs) antives of this study are to compile all the available AAR
among frontline workers 25]. and SimEx conducted from 2016 to 2019 into a data-
With the current COVID-19 pandemic, it is critical for base, and to summarize this information descriptively
countries to continually reflect on their ongoing re- and in accordance to the 13 IHR core capacities
sponse strategies and adapt their approach as needed {@able 1).
strengthen preparedness and response capacities. WHO
through the recently published guidance and tools for Methods
the Country COVID-19 Intra-Action Reviews (IARs) ad- Data sources and database compilation
vises countries to conduct regular reviews of COVID-19 Among the 63 AAR and 117 SimEx supported by WHO
preparedness and response strategies both at th&om February 2016 to December 2019, 42 AAR and 56
national and subnational levels to support countries to SImEx reports were reported and submitted to the
better control the COVID-19 outbreak, protect the most WHO and available to the authors. We extracted key in-
vulnerable groups in the society and mitigate the impactformation from these reports into two central databases
of the pandemic on livelihoods and economies. COVID- and assigned each AAR and SimEx with unique identi-
19 IARs provide critical opportunities for learning and fiers. For the AAR database, we extracted 24 variables
implementing practical steps for immediate remediation from the AAR reports. For the SimEx database, we ex-
and improvement of the ongoing respons&gj. tracted 20 variables from the SimEx reports. Variables
The importance of COVID-19 IARs was further extracted included geographical location based on
highlighted during the fourth meeting of the International WHO-designated regions, including [African Region
Health Regulations (2005) Emergency Committee regard{AFR), American Region (AMR), Eastern Mediterranean
ing the outbreak of novel coronavirus (2019-nCoV) con- Region (EMR), European Region (EUR), South-East Asia
vened by the WHO Director-General on 31 July 2020, andRegion (SEAR), and Western Pacific Region (WPR)];
that issued temporary recommendations to encouragedate conducted; types of AAR (debrief format, key In-
countries to “share best practices, including from intra- formant Interview format, working group format, and
action reviews, with WHO; apply lessons learned frommix method format); types of SIimEx (tabletop exercise,
countries that are successfully re-opening their societies
(including businesses, schools, and other services) anfiable 1 Core capacities as outlined in the International Health
mitigating resurgence of COVID-19[27]. This necessity Regulations (2005)
to conduct COVID-19 IARs during the ongoing pandemic Capaciry No.  IHR Core CapACITIES
was also echoed by WHO at all levels in a commentary inC Legislation and Financing
Lancet Global Health on 8 Oct 202(f]. Q IHR Coordination and National IHR Focal Point Functions
SimEx are important activities for countries to imple- -
ment given there are many scenarios that may be rar
but important to prepare for. These can include bioter-

Zoonotic Events and the Human-Animal Interface

Food Safety

rorism threats, chemical and radiological accidents, as~ Laboratory

well as a pandemic of a novel strain of virus such as thé-° Surveillance

current COVID-19 outbreak P9-32]. Because emergen- C7 Human Resources

cies can strike anywhere and at anytime, and diseases National Health Emergency Framework

outbreaks do not respect national boundaries in our
inter-dependent and inter-connected world, the ability

to respond even in the most remote areas of the world is
essential for effective emergency response. Preparing for'
and responding effectively to such emergencies aré'? Chemical Events

among the most pressing challenges facing the interCi3 Radiation Emergencies

national Community. IHR International Health Regulations, PoE Points of entry

Health Service Provision
Risk Communication

Points of Entry (PoE)
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drill, functional or full scale/field exercise); type of PHE received for AAR conducted in 2019 (Tab®. No AAR re-
reviewed/tested in AAR and SimEX, respectively; and theports were available for 2016. Among these 42 AAR, the
date of the end of the event or response (for AAR only) most common type of AAR reported was the working
(Please see Supplementary Tables 1 and 2 for the full lisgroup format ( =34, 81.0%), followed by the debrief for-
of variables extracted from AAR and SimEx reports, mat (n =4, 9.5%), and the mix-method formanh(= 1, 2.4%;

respectively). Table 2). Among the 42 AAR reports received, none used
the key informant interview format alone, and 3 (7.4%)
Data coding and analysis AAR reports did not describe the formats used.

For the AAR and SimEx databases, we recoded existing Among the 56 SimEx where reports were available,
variables into 26 and 27 new variables, respectivelywhich included one report where all six WHO regions
These new variables included the 13 IHR core capacitieparticipated (each region was counted once each for
reviewed or tested (Tablel), and the kind of PHE these reports), 32 (52.5%) were from the AFR, followed
reviewed or tested in AAR and SimEx, which was codedby the EUR ( =12, 19.7%), EMRn(=8, 13.1%), WPR
into three categories: 1) epidemics and pandemics, 2Jn =6, 9.8%), SEAR(=2, 3.3%), and AMR (n=1, 1.6%;
human-induced/societal and 3) natural disaster. GivenTable 2). Of the 56 SimEx reports received, 16 (28.6%)
AAR and SimEXx reports often did not explicitly mention were conducted in 2016, 11 (19.6%) were conducted in
the IHR core capacities reviewed/tested, two independ-2017, 17 (30.4%) were conducted in 2018, and 12
ent coders reviewed the reports and coded the IHR core(21.4%) were conducted in 2019 (Tab®. Among these
capacities reviewed/tested in each report and obtainedb6 SimEx reports, the most common type of SImEx re-
consensus by discussing with a team of WHO experts inported being used were table-top exercises<36, 62.1%),
public health emergency preparedness and response. Fdollowed by functional exercisen(=10, 17.2%), field/full-
AAR reports where the date of the end of the PHE or re- scale exercises (n=10, 17.2%), and drills (n=2, 3.4%;
sponse were available, we also calculated the timefram&able 2). In two SimEx reports, two types of SimEx were
it took to conduct an AAR. used and were therefore counted individually.

We conducted a descriptive analysis and described the Of the 42 AAR and 56 SimEx, the most common PHE
AAR and SimEx conducted from 2016 to 2019 by WHO reviewed or scenario used respectively, were categorized
region, year conducted, AAR format or SIimEx type used,as epidemics and pandemics (AAR1 =38, 90.5%;
and the PHE reviewed or tested, respectively. We als®&imEx: n =46, 82.1%), followed by natural disasters
examined the IHR core capacities reviewed or tested in(AAR: n=3, 7.1%; SimExa =6, 10.7%), and human-
the AAR and SimEXx conducted to enable the analysis ofinduced/societal related (AAR: n=1, 2.4%; SIimEX: n=4,
global trends, as well as cross-referencing and comple7.1%; Table2). When AAR and SimEx were examined
menting the findings with other IHR MEF components. individually, among the 42 AAR, the most common PHE
Compatibility between gaps identified and formulated reviewed were Choleran(=7, 16.7%), Avian influenza
recommendations for different IHR core capacities were(n=7, 16.7%), Lassa fever (n=6, 14.3%), Poliomyelitis
paired and compared qualitatively. (n=4, 9.5%), and Measles (n=4, 9.5%; Hig.In con-

For categorical data, we presented results either asgrast, among the 56 SimEx, the most common PHE used
frequency and percentages, for normally distributed con-as scenario were a fictitious infectious disease < 10,
tinuous data, we presented these as mean and standarti7.9%), Choleran( =9, 16.1%), Ebolan(=8, 14.3%),
deviation (SD). For continuous data which is not normally flood (n=4, 7.1%), Avian influenzan(=3, 5.4%), and
distributed, we presented these as median and range. Crimean-Congo hemorrhagic fever (CCHFh € 3, 5.4%;

Fig. 1). With the AAR and SimEx examined collectively,
Results the top six most common PHE reviewed or scenario
Characteristics of AAR and SimEx used, were all epidemics and pandemics. The most com-
Among the 63 AAR and 117 SimEx supported by WHO mon PHE used was Cholera (AAR: n=7, 16.7%; SimEx:
from February 2016 to December 2019, WHO received 42n =9, 16.1%), followed by a fictitious infectious (AAR:
(66.7%) AAR and 56 (47.9%) SIimEXx reports from the Mem-N/A; SimEx: n=10, 17.9%), Ebola (AAR: n=1, 2.4%;
ber States (Table2). Among the 42 AAR where reports SimEx: n =8, 14.3%), Dengue (AAR: n=7, 16.7%; SimEXx:
were available, AAR were most commonly conducted inn=1, 1.8%), Avian influenza (AAR: n=3, 7.1%; SimEx:
the AFR =32, 76.2%), followed by the EURM (5, n=3, 5.4%), and Lassa Fever (AAR= 6, 14.3%; SImEX:
11.9%), the EMR (n=3, 7.1%) and the WRR=(2, 4.8%; N/A; Fig. 1).
Table 2). No AAR reports were received from the AMR
and SEAR. Of the 42 AAR reports received, 12 (28.6%IHR core capacity reviewed and tested in AAR and SimEx
were received for AAR conducted in 2017, 19 (45.2%) werd\fter examining the 13 IHR core capacities reviewed
received for AAR conducted in 2018, and 11 (26.2%) werand tested in AAR and SimEx, respectively, we found
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Table 2 Characteristics of the WHO-supported AAR and SimEx conducted worldwide where reports were available, February 2016
to December 2019

AAR (n =42) SIMEX (n =56?)

No. % No. %
WHO Region® WHO Region® ¥ ©
AFR 32 (76.2%) AFR 32 (52.5%)
AMR - - AMR 1 (1.6%)
EMR 3 (7.1%) EMR 8 (13.1%)
EUR 5 (11.9%) EUR 12 (19.7%)
SEAR - - SEAR 2 (3.3%)
WPR 2 (4.8%) WPR 6 (9.8%)
Year AAR conducted Year SimEx conducted
2016 - - 2016 16 (28.6%)
2017 12 (28.6%) 2017 1 (19.6%)
2018 19 (45.2%) 2018 17 (30.4%)
2019 11 (26.2%) 2019 12 (21.4%)
Type of AAR format Type of SimEx used?
Debrief AAR 4 (9.5%) Table top exercise 36 (62.1%)
Working group AAR 34 (81.0%) Drill 2 (3.4%)
Key informant interview AAR - - Functional exercise 10 (17.2%)
Mixed-method AAR 1 (2.4%) Field/full-scale exercise 10 (17.2%)
Unknown® 3 (7.1%) Unknown - -
Public health event category reviewed' Public health event category tested
Epidemics and pandemics 38 (90.5%) Epidemics and pandemics 46 (82.1%)
Natural disasters 3 (7.1%) Natural disasters 6 (10.7%)
Human-induced/ Societal 1 (2.4%) Human-induced/ Societal 4 (7.1%)

AAR after action review, SimEx simulation exercise, WHO World Health Organization, AFR African region, AMR Region of the Americas, SEAR South-East Asia Region,
EUR European Region, EMR Eastern Mediterranean Region, WPR Western Pacific Region

@ One SimEx report was a global functional exercise with 33 countries from the 6 WHO regions

® Member States according to the WHO designated regions

€ Each region was counted once for the single global SimEx report where all 6 WHO regions participated, therefore, the No. adds up to 61 instead of 56

4 Two SimEx reports had two types being used (e.g., a table top exercise followed by a drill), therefore the No. adds up to 58 instead of 56

€ AAR formats were not mentioned in 3 AAR reports

f Each AAR may have one or more public health events reviewed (e.g., the country may have reviewed two epidemics at the same time). When multiple public
health events were reviewed in a single AAR, events from the same public health event category was counted only once.

that 10 (76.9%) of the 13 IHR core capacities were37, 88.1%) and laboratoryn(=35, 83.3%; Fig2). For
reviewed at least once in AAR, with no AAR conducted SimEx, the most commonly tested IHR core capacity
among the reports received for food safety, chemicalwere national health emergency frameworkn (=56,
events, and radiation emergencies; all 13 (100%) IH®1.1%), followed by risk communicatiom(= 48, 85.7%),
capacities were tested at least once in SIimEx. For AAR4HR coordination and national IHR focal point functions
the number of IHR core capacities reviewed in AAR (n =45, 80.4%), surveillancen (=31, 55.4%), health
ranged between 3 and 8, with an average of 5.8 (SD =service provision 1f =29, 51.8%) and laboratoryn(=
1.35; data not shown). The number of IHR capacities24, 42.9%; Fig2). The least commonly reviewed and
validated in a SImEx ranged between 1 and 9, with artested IHR core capacities are radiation emergencies
average of 4.6 (SD =2.1; data not shown). (AAR: N/A; SimEx: n =1, 1.8%), chemical events

For AAR, the most commonly reviewed IHR core cap- (AAR: N/A; SimEx: n=2, 3.6%), and food safety
acities were health services provisiom 41, 97.6%), (AAR: N/A; SImEX: n=4, 7.1%; Fig2); these three
risk communication fi =39, 92.9%), national health core capacities were not reviewed among the 42 AAR
emergency frameworkn(=39, 92.9%), surveillancen =  reports available.
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Number of AAR and SimEx conducted

Cholera 7 9
Fictitious infectious disease 10
Ebola [N 8
Dengue 7 1
Avian Influenza E] 3
Lassa Fever 6
Flood | 4
CCHF 2 3
Yellow Fever 2 2
Meningitis E] 1
Polio 4
Measles 4
Mass-gatherings E]
Influenza (flu) 2 1
Earthquake [N 2
Rift Valley fever [} 2
Listeria disease
n-Cov
VHF
Malaria
West Nile Virus
Zika virus disease

NENENENENENEN

Methanol Poisoning
MERS-Cov

Plague

Rabies

Rinderpest

SARS

Typhoid Fever
Lead-Poisoning
Brucellosis

Cellulitis

Food Borne (E. Coli)*
Food Borne (STEC)
Gastro intestinal illness
Hepatitis A
Hepatitis E

Marburg

Monkey Pox

Nipah

Trichinellosis
Cyclone

Landslide

Number of public health events reviewed and tested

=i~~~ i~~~ I~~~ R - =

B AAR B SimEx

[y

Fig. 1 Public health events reviewed/tested in the WHO-supported AAR and SimEx conducted worldwide where reports were available, February
2016 to December 2019. AAR, after action review; SimEx, simulation exercise; WHO, World Health Organization; CCHF, Crimean-Congo haemorrhagic
fever; n-CoV, novel Coronavirus; VHF, Viral haemorrhagic fever; MERS-CoV, Middle East Respiratory Syndrome Coronavirus; SARS, Severe Acute Respiratory
Syndrome; E. coli, Escherichia coli; STEC, Shiga toxin-producing Escherichia coli

Strengths, challenges and recommendations identified reports, are aligned with the main IHR core capacities
during AAR and SimEx reviewed or tested, especially C8 - national health emer-
We found that the overall strengths, challenges andgency framework, C9- health service provision, and
recommendations documented in the AAR and SImExC10 - risk communication. The key strengths and
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% IHR core capacities reviewed/tested

.

C1 - Legislation and Financing

27%
C2 - IHR Coordination and National IHR Focal _ 40%
Point Functions 80%
C3 - Zoonotic events and the human—animal _ 38%
interface 13%
[v)
C4 - Food safety 0%
7%
(V)
s - tavoratory TN :::

42%

0,
6. surveitance RN ¢5:

C7 - Human resources

IHR core capacities

C8 - National Health Emergency Framework

91%
0,
o Heatth service provision T o::
51%
0,
c10- Risk communication T -
85%
()
C11 - Points of entry . >%
13%
[v)
C12 - Chemical events 0%
4%
o . 0% .
C13 - Radiation emergencies 2% H % AAR % SimEX
(]

Fig. 2 IHR core capacities reviewed/tested in the WHO-supported AAR and SimEx conducted worldwide where reports were available, February
2016 to December 2019. AAR, after action review; SimEx, simulation exercise; WHO, World Health Organization

challenges for these three IHR core capacities are showstrengths were intersectoral communication, having exist-
in Table 3. The greatest strengths in national health emer-ing communication structure in place, and information
gency framework for both AAR and SimEx, were regularsharing with media and public. The main challenge re-
meetings and information sharing, good coordination be- ported under national health emergency framework for
tween partners, and having coordination mechanisms inboth AAR and SimEx included the lack of involvement of
place. For health service provision, the greatest strengthstakeholders, the lack of a unified command system, and
were immediate notification following early detection and insufficient coordination structure in place. For health
confirmation of a case, implementing large-scale vacci-service provision, the main challenges reported were
nation for vulnerable people, and implementing safe andinadequate infection prevention and control (IPC) prac-
dignified burial. For risk communication, the greatest tices and supplies, and inadequate case management and
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