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ABSTRACT

Mathematical modelling has been a helpful resource for
planning public health responses to COVID-19. However,
there is a need to improve the accessibility of models built
within country contexts in the Global South. Immediately
following the overwhelming ‘second wave’ of COVID-19 in
India, we developed a user-friendly, web-based modelling
simulator in partnership with the public health experts
and health administrators for subnational planning. The
purpose was to help policy-makers and programme
officials at the state and district levels, to construct
model-based scenarios for a possible third wave. Here, we
describe our experiences of developing and deploying the
simulator and propose the following recommendations for
future such initiatives: early preparation will be the key for
pandemic management planning, including establishment
of networks with potential simulator users. Ideally, this
preparedness should be conducted during ‘peace time’,
and coordinated by agencies such as WHO. Second,
flexible modelling frameworks will be needed, to respond
rapidly to future emergencies as the precise nature of any
pandemic is impossible to predict. Modelling resources
will, therefore, need to be rapidly adaptable to respond as
soon as a novel pathogen emerges. Third, limitations of
modelling must be communicated clearly and consistently
to end users. Finally, systematic mechanisms are required
for monitoring the use of models in decision making, which
will help in providing modelling support to those local
authorities who may benefit most from it. Overall, these
lessons from India can be relevant for other countries

in the South-Asian-Region, to incorporate modelling
resources into their pandemic preparedness planning.

INTRODUCTION

Mathematical modelling—for all its limita-
tions—can serve as a useful tool for plan-
ning public health responses to COVID-19.!
The World Health Organization (WHO)
has documented numerous examples of
modelling being used to support decision-
making during the pandemic.® Nonethe-
less, it is noticeable that the close integra-
tion of modelling into decision-making has
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SUMMARY BOX

= Mathematical modelling has played an important
role in the global response to COVID-19, particularly
in making important projections pertaining to poten-
tial care needs. Close integration of modelling into
decision making has so far occurred principally in
countries in the Global North, such as the USA and
the UK. Some examples of modelling from the Global
South include the South African COVID-19 mod-
elling consortium, and the COVID-19 International
Modelling Consortium. A particular value will be
approached where model development is led by in-
country experts, ensuring that the model remains
locally relevant.

= We describe a recent experience from India, of de-
veloping and deploying a user-friendly modelling
'simulator’, led by scientists, public health experts
and health administrators including Union and State
Health Secretaries and National Health Mission
Directors in India. Following the overwhelming ‘sec-
ond wave’ of COVID-19 in India, the purpose of the
simulator was to allow health officials and policy-
makers in various states in India to model plausible
scenarios for a third wave.

= If modelling resources are to be useful for decision
making, it is critical to build them with local data and
with country ownership. We make several recom-
mendations for maximising the utility of modelling in
pandemic preparedness in the Global South. For ex-
ample, our experiences highlight the need to estab-
lish modelling resources and collaborative networks
during ‘peace time’, ready to be deployed at short
notice during any future public health emergency.

so far occurred principally in countries in
the Global North, such as the USA and the
UK. If the need to protect scarce healthcare
resources is one of the critical objectives
of modelling, this need is felt even more
urgently in the Global South than elsewhere.
Some examples of modelling from the Global
South include: the South African COVID-19
modelling consortium, which reports directly
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to public health authorities in the country’; and the
COVID-19 International Modelling Consortium, which
at the time of writing has been made available to 40 coun-
tries.* Here, we present a case study from India where
similar modelling resources were recently built, for states
and districts across the country. The model is named
‘CHROMIC’ (for Collaborative Health Research On
Modelling-Indian Council of Medical Research (ICMR)
& Imperial College). Like other model applications,
this model included a user-friendly interface, for policy-
makers to interact directly with the model. However, a
unique aspect of this modelling tool is that it was devel-
oped and delivered by modellers within India, working
with collaborators from abroad. The model thus bene-
fited from locally relevant data, as well as a close under-
standing of the needs of the healthcare system. In what
follows, we describe our experiences in the development
and deployment of this modelling resource in India.
Although we outline some technical details of the model,
our focus in this narrative is on how future such initia-
tives can be made most useful for decision-makers. Based
on our experience, we make recommendations for the
use of such initiatives in pandemic preparedness in the
Global South.

IMPETUS FOR THE MODELLING RESOURCE

Following a relatively mild ‘first wave’ of COVID-19,
which peaked in September, 2020, India witnessed an
overwhelming onslaught of the Delta variant of the virus.
This second wave, which reached its greatest height in
early May 2021, had four times the peak reported cases
as in the first wave.” In a country as large and diverse
as India, these events highlighted the need for stra-
tegic planning regarding resource allocation and infra-
structure strengthening. As part of such preparedness,
ICMR, the apex institute for biomedical investigation
(research), led a collaboration with Imperial College
London to develop a model of SARS-CoV-2 transmission
in the country®' (see online supplemental figure S1,

B CHROMIC SIMULATOR for COVID 19

supporting information for an outline of the model).
In June 2021, immediately following the decline of the
second wave, the CHROMIC model was used to examine
whether a third wave in India could be as severe as the
second wave. In brief, results highlighted that such an
outcome would occur if: (1) a new variant emerges that
shows full immune escape from previously circulating
variants (ie, against severe outcomes as well as infection),
along with substantially increased transmissibility or (2)
lockdowns in specific local areas showing high levels of
transmission were suddenly relaxed. The subsequent
emergence of the omicron wave validated the findings of
this study: at its peak in January 2022, reported cases were
two-thirds that of the peak during the second wave. While
Omicron showed substantial immune escape allowing
widespread reinfection, emerging evidence from other
settings showed that prior immunity remained effective
against severe disease, hospitalisation and death.!'™13
Thus, the omicron wave was far milder than the preceding
delta wave, in terms of demand for hospital-based care
and mortality.

However, at the time of publication in June 2021 of the
original model (which itself was developed in February
2021), none of this was apparent. The possibility of a
severe third wave remained. While the published study
focused on the national level, it was recognised that states
and districts would benefit from the use of this model
for their own planning, using locally relevant data. In
particular, we aimed to develop a user-friendly, web-based
‘simulator’ through which state-level planners could
interact with the model, with minimal training in model-
ling techniques (see figure 1 for an example screen from
the simulator) and handful of input parameters.

The aim of the simulator—developed through consul-
tation with stakeholders, as described below—was to
make projections for the hospital capacity that would be
required in the event of a third wave. Given the uncer-
tainty at the time on how a third wave might emerge,
the simulator allowed users to specify different scenarios

@ About @ Simulator & Print @ Log out
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Natural History & Demographic Location: India
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First Wave
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Figure 1

Simulated multi-wave dynamics of COVID-19
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Illustrative screenshot of the simulator. The left-hand panel includes all user-specified scenario specifications. The

central panel shows model projections, including the first two waves, while the right-hand panel shows model projections for

required hospital capacity in the third wave.
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for mechanisms, including (1) the waning of immu-
nity to previously circulating strains, (2) the transmissi-
bility of any future variant, (3) the degree of immune
escape of any such variant and (4) the release of local
lockdowns and other restrictions in spite of emerging
infections. The simulator also allowed users to specify
scenarios for ramping up vaccination coverage, to simu-
late ways of mitigating the impact of a potential future
wave. Importantly, the simulator-generated outputs for
resource requirements drew heavily from the country-
wide COVID-19 Registry'* and were therefore grounded
in country-context and reality. The model underlying
the simulator was written in Python, an open-source
programming language. The simulator was developed
through collaboration with Dure technologies, a locally
present (India-based) consultancy firm (available here,
https://covidwaveapp.duredemos.com). Overall, such
three-way collaboration was unique in several respects;
first, it involved close partnership between Government,
academia and the private sector (Department of Health
Research—ICMR, Imperial College and Dure technol-
ogies, respectively). Second, the model underlying the
simulator was led by the scientists at ICMR, with support
from Imperial College, ensuring that the ownership of
the model and validation remains in the country in which
it was to be deployed.

PARTICIPATORY DEVELOPMENT OF THE SIMULATOR

Preparatory discussions: It was important to engage with
relevant stakeholders from the beginning of develop-
ment of the simulator, to ensure that they would have
maximal input into its design and functionality. Early
discussions involved senior policy-makers, health admin-
istrators and programme planners: we presented results
of the published modelling work, and explained the aim
of developing a userfriendly simulator based on this
modelling (details in Supporting information), in order
to help prepare for a potential third wave. We discussed
the priority use cases of such a simulator; for example,
whether it should focus on projections for symptomatic
incidence, requirements for hospital capacity or the
potential impact of increased vaccination, in mitigating
health burden. Feedback highlighted that all three would
be important, but that the highest priority should be
placed on requirements for hospital capacity to mitigate
impact while continuing aggressive vaccination. We also
received requests for additional scenarios to be incor-
porated. For example, data from India suggested that
not all of those admitted to hospital actually required
oxygen support, suggesting that healthcare demand
could possibly be better managed by encouraging
patients to follow simple measures at community level
before seeking hospital admission. We were requested to
incorporate the potential impact of such measures, on
demand for hospital-based care. Overall, we were advised
to prioritise simplicity in the interface, by having a ‘basic

BMJ Global Health

Box1 Feedback quotes from potential users and
senior administrative officials in India, on the design and

functionality of the Collaborative Health Research On
Modelling-ICMR & Imperial College (CHROMIC)-simulator

= ‘Could we have a ‘basic’ section for inputs for projection and anoth-

er one—maybe advanced inputs related to new variants?’

‘How should we estimate what R is in any state or district?’

‘How has the effect of population density been considered in devel-

oping this model?’

= ‘If we do not have SARS-CoV-2 seroprevalence data for a district,
what can we use as inputs?’

= ‘If there are two surges observed during the Delta wave, which val-
ue should we use as inputs for the state in the simulator?’

= ‘If there was no clear-cut lock down, and instead things were done
in graded and phased manner, how should we model this using the
simulator?’

and advanced’ input compartment as well as to minimise
scientific jargon where possible.

Refinement of the simulator. Once an initial, functioning
version of the interface was available, we re-engaged
with stakeholders for feedback. Further, we piloted the
simulator among a few state health officials. Box 1 shows
some example feedback, illustrating the range of topics
discussed. We were also advised to make the simulator
more accessible for users who were not familiar with
model parameters; principally, by providing guidance in
pop-up ‘information bubbles’ on what would be consid-
ered ‘high’ or ‘low’ values for each of these parameters.
One example is the value of Ry for a third wave, reflecting
the potential inherent transmissibility of a novel variant.
We added help text to explain that ‘If the third wave arises
due to a new variant, please enter the transmissibility of
such variant as a percentage increase relative to Delta. A
value of 0 (zero) means that the new variant is equally
infectious to the Delta variant’. Similar, userfriendly
guidance was provided for other third-wave parameters in
the user’s control, including the rate at which immunity
wanes, and the pace of ramping up vaccination coverage.

Another key topic covered in discussions was on the
inherent risks of providing a modelling tool as a ‘black
box’, in particular the potential for non-expert users to
misinterpret model results. One important example was
the role of uncertainty; the published version of the model
incorporated uncertainty in model parameters, using
Markov-Chain Monte-Carlo methods to propagate uncer-
tainty from these inputs into uncertainty in model projec-
tions. However, it is important to note that this approach
only partially addresses uncertainty. It does not address
‘structural’ uncertainties such as in the natural history of
the infection, which would necessitate alternative model
structures. Displaying parametric uncertainty in a user-
friendly tool would therefore risk giving a false sense of
confidence that the underlying model accounted for all
sources of uncertainty. Instead, and as a result of these
discussions, we adopted a simpler approach to uncer-
tainty, encouraging users to use the simulator to explore
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different parameters, and to gain an understanding of
which parameters matter most for third wave projections.
Meanwhile, we would avoid showing parametric uncer-
tainty in model projections, to avoid misinterpretation of
these results.

Deployment and training. Once the simulator was
completed, all state health authorities in India were
encouraged by the union and state health secretaries
through an official communication from the Ministry of
Health and Family Welfare, Government of India, to use
it to generate state-specific projections.'” Interested states
were requested to contact ICMR for initial orientation-
training on how to use and interpret the model. Partic-
ipants for this training included potential users from
the respective state and district health authorities. The
participants mostly tended to be data scientists and
epidemiologists, but also included senior public health
officials who were interested in gaining familiarity with
the simulator’s capabilities. Training, conducted online,
began with a brief introduction to what mathematical
modelling can and cannot do. It was emphasised that
no model is fully predictive, and that models merely
make projections on the basis of the best available data.
Participants were then shown the simulator, and received
a demonstration of how different third wave scenarios
could be modelled. They were encouraged to try running
the simulator on their own computers, in order to gain
hands-on experience.

Uptake of the simulator. Overall, training was attended by
over 700 officials from various districts in Indian states.
Figure 2 shows outputs from website tracking, produced
by Dure technologies, on the number of users visiting
the simulator over time; there were 1612 visits to the
website, with 1268 unique users as of 24 March 2022. At
the central level, projections derived from the simulator
helped to formulate travel advisories for known tourist
destinations in India. These advisories were developed
through a process of engagement of health mission offi-
cials of the relevant states.’ However, we caution that—
owing to the rapid timeline over which the simulator was
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Figure 2 Timeline of the number of users of the CHROMIC
Simulator for COVID-19.CHROMIC, Collaborative Health
Research On Modelling-ICMR & Imperial College.

developed—it was not possible to instate formal mecha-
nisms for monitoring how states used the simulator, in
their decision making. We, therefore, do not have system-
atic data for the degree to which it influenced state plan-
ning, Moreover, and as noted above, the omicron wave
in India was far milder, in terms of hospitalisations and
deaths, than the delta wave. A more severe third wave
would undoubtedly have seen even greater usage of the
simulator, for health planning.

RECOMMENDATIONS

In the longer term, it is hoped that lessons learnt from
this initiative could help to bolster pandemic prepared-
ness in other countries in South and South-East Asia. By
design, such preparedness would require enhancement
of local capacity in development and use of modelling;
critically, this would be focused not only on executing
already-available models, but also on developing—and at
the very least being able to critique—those models. The
need for local district level data cannot be overempha-
sised as the onset of any wave, spread of infection and
availability of health services can widely vary in different
parts of a country as large and diverse as India. Thus, it is
important for local evidence to be used to help locally rele-
vant decision making. To this end, we offer the following,
specific reflections and recommendations, arising from
our experience during the COVID-19 pandemic.

Early preparation will be key in future preparedness,
including collaborative network. The simulator was devel-
oped in a fast-changing pandemic situation, necessitating
some compromises in its development. Given more time,
we would have preferred to engage with a wider variety of
possible users, including not only senior health officials,
but also the state-level epidemiologists, data scientists and
analysts who would be involved in usage of the tool. Even
the simplest models can be complex to interpret correctly.
Rather than providing the simulator for unsupported use
en masse, in ideal circumstances we would have been able
to establish direct rapport with users in each state, and
provided follow-up training and guidance where needed.
It is not feasible to establish these collaborative networks
during emergency response to a pandemic. Instead, it
will be important to incorporate modelling support as
part of broader pandemic preparedness planning, estab-
lishing the necessary capacity and networks in advance of
any future pandemic. Organisations such as the WHO, at
country, regional and central levels, could play a key role
in facilitating the establishment of these networks during
‘peace time’.

Design flexible modelling frameworks to respond rapidly to
Juture emergencies: At a technical level, there are inherent
challenges in developing valid models in advance of
future pandemics. For example, modelling of COVID-19
was only possible once basic facts about its natural history
were known.'*"? One possible approach to address this
challenge is to pursue a modular approach, with model-
ling (‘back-end’) and simulator (‘front-end’) components
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readily being able to be updated independently. Under
such a modular approach, a provisional ‘placeholder’
model—for example, a simple susceptible-exposed-
infected-recovered framework—could be developed for
the purpose of integration with the simulator. Coun-
trywide engagement would then focus on the required
outputs for the simulator (eg, required hospital capacity),
as well as developing the network of users described
above. Once a future pandemic emerges, how quickly
the simulator can be deployed will depend only on how
rapidly the model can be updated. Moreover, this model
can be further refined as more data comes to light.

Communicating limitations of modelling. While user-
friendly tools aim to lower barriers for participating in
modelling, itisnonetheless critical for users to understand
the limitations of modelling. We found that orientation-
training was key for communicating important messages
on what modelling can and cannot do, namely, users
should be encouraged to actively enquire about the
reasons that a given analysis yields the results that it does.
Doing so will help immensely in understanding relation-
ships between model assumptions and data on the one
hand, and model outputs on the other. As noted above,
model projections should never be construed as predic-
tions, but rather as plausible projections based on avail-
able data. Furthermore, for any user-friendly modelling
tool, there is a trade-off between model complexity and
ease-of use. For the simulator, the underlying model
is sufficiently straightforward for users to understand
scientifically, as well as being computationally faster with
the main purpose of planning and preparedness of the
health services. Understanding these compromises were
important for model transparency among users.

Establish mechanisms for monitoring policy wptake: Not all
states would benefit from modelling, depending on their
quality of data, existing capacity for implementing user-
friendly tools, etc. Even states that would benefit from
modelling may need support to maximise its use. To help
identify such states, it is important to establish mecha-
nisms for monitoring the use of any simulator in a future
pandemic. Here, we have presented website monitoring
statistics which, while helpful in informing usage, do not
provide information on how the simulator was employed
to support planning. In future, addressing this need will
be an additional benefit of establishing the collabora-
tive networks described above. As part of this network,
users will be encouraged to report on how (if at all) the
simulator has been used to inform decision making and,
importantly, whether any additional functionality would
enhance its value for such purpose.

CONCLUSIONS

Overall, userfriendly models can offer helpful tools for
local-level planning. Our experience highlights the impor-
tance of such modelling approaches having local ownership
and relevance, as well as the critical need for users to be
equally aware of a model’s capabilities, and its limitations.

While no model is perfect, their use can be extremely
helpful for national and local authorities in anticipating
how best to protect lives and livelihoods from COVID-19.
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