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SEIQHRF model

As COVID-19 pandemic wreaks havoc across continents, and vigorous public health re-
sponses are now being put in place in all the countries hit by the virus, articles are appearing
in the the mainstream media explaining the importance of such public health interventions
in flatteningthecurve. We have made an endeavour to look at some simple simulations of
COVID-19 spread using R, and used those simulations to illustrate how the various public
health interventions worked. To that end, we have used the SEIQHRF model which fits
a stochastic individual contact model (ICM) to allow the effects of various public health
interventions, specifically social distancing and number of hospital beds available, on the
spread of an infectious agent such as the COVID-19 virus.

In the study, individuals have been divided into various groups, such as, susceptible,
exposed, infected, infectious (but self isolated), requiring hospitalisation, recovered and
case fatality (death from COVID-19). Various parameters used in the stochastic model, the
number of exposure events (act) between infectious individuals and susceptible individuals,
per day; probability of passing on infection at each exposure event between infectious people
and susceptible people; rate at which symptomatic epople self isolate themselves; the rate
per day of symptomatic people require hospitalisation;rate per day at which people needing
hospitalisation recover; and mortality rate per day for people needing hospitalisation but
could not due to the hospitals being full.

Each of these groups of individuals are segregated into compartments, and the tran-
sition rate of individuals between these compartments is also taken into consideration in
the model. The intention is to look at different intervention experiments and follow the
prevalence of COVID-19 (in terms of number of persons) with each passing day since the
beginning of the epidemic. The study has been carried out for 28 Indian states. The act
parameter for each state has been adjusted based on the population density of the states.
These 28 states have been ranked in decreasing order of act, thus one with higher value
of act has more number of exposure events between infectious individuals and susceptible
individuals.

In the baseline model, we see the result of our simulation of our hypothetical world of
1000 people. Our observations are;

e The epidemic subsides in about two months.



The population density of Delhi being very high, very high number of people are
infected, although asymptomatic.

We see typical exponential behaviour, although these are prevalence numbers, not
incidence. Prevalence tends to start with exponential growth then tapers off. That’s
what we are seeing here, so that’s good.

The number requiring hospitalisation seems reasonable, not too large.

The number in the case fatality compartment is monotonically increasing, as ex-
pected, but at a much lower rate; which is good.
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Figure 1: Prevalence of COVID-19 in Delhi population.

Now, we run our simulation under four different experimental set-up;

e Ramp up hospital capacity to triple the baseline level, starting at day 15.

Step up social distancing (decrease exposure opportunities), starting at day 15, in
everyone except the self-isolated, who are already practising it.

More social distancing but starting at day 30.

Increase both social distancing and increased self-isolation rates starting day 15.

A comparative study of the four experimental intervetions with the baseline is shown
in the plots below for Delhi. Some obervations are;



e When we ramp up hospital capacity to triple the baseline level, starting at day 15,
not much is seen as improvement in the number of infectious and asymptomatic. In
fact not much change is seen in any of the compartments if only the hospital capacity
is increased.

e With a step up in social distancing (decrease exposure opportunities), starting at day
15, in everyone except the self-isolated, shows a marked decrease in the number of
infected/ infectious individuals.

e When social distancing is increased is full ramped up by day 30, halve the number
of exposure events between the infected and the susceptible each day. Thus frurther
reducing the number of infected people. Also more number of people are self-isolated.
Thus reducing the chance of infection further

e A combination of self-isolation and social distancing is seen to be the most effective
way of containing the virus.
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(a) Delhi- comparison of baseline prevalence with (b) Delhi- comparison of hospitalisation required
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Figure 2: Delhi
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Figure 3: Chandigarh

The pattern seen in Chandigarh is very similar to Delhi, since the density of CHandigarh
is close to Delhi’s. Hence the act parameter is also quite close to each others.
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Figure 4: Puducherry

For Puducherry, however the panel corresponding to increased social distancing at day
15 produces the most favorable result. Minimum threat is detected when social distancing
in increased from the 15th day onwards.
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(a) DamanDiu- comparison of baseline preva- (b) DamanDiu- comparison of hospitalisation re-
lence with those with interventions quired and fatality

Figure 5: DamanDiu

For Daman & Diu, both social distancing from day 15 and a combination of social
distancing with people self-quarantining themselves, flatten the curve of prevalence of in-
fectious individuals .
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(a) Lakshadweep- comparison of baseline preva- (b) Lakshadweep- comparison of hospitalisation
lence with those with interventions required and fatality

Figure 6: Lakshadweep
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(a) Bihar- comparison of baseline prevalence with (b) Bihar- comparison of hospitalisation required
those with interventions and fatality

Figure 7: Bihar

Both Lakshadweep and Bihar show similar patten in their curves for most of the public
health interventions. A combination of social distancing and
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(a) WB- comparison of baseline prevalence with (b) WB- comparison of hospitalisation required
those with interventions and fatality

Figure 8: WB
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Figure 9: Kerala
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(a) Uttar Pradesh- comparison of baseline preva- (b) Uttar Pradesh- comparison of hospitalisation
lence with those with interventions required and fatality

Figure 10: Uttar Pradesh
In cases of West Bengal, Kerala and Uttar Pradesh, the best resutls were seen with

increased social distancing by day 15. However, in these three states, there was very poor
rate of self isolation. Thus increasing the risk of susceptible individuals.
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(a) Dadra- comparison of baseline prevalence (b) Dadra comparison of hospitalisation required
with those with interventions and fatality

Figure 11: Dadra
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(a) Haryana- comparison of baseline prevalence (b) Haryana- comparison of hospitalisation re-
with those with interventions quired and fatality

Figure 12: Haryana
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(a) TM- comparison of baseline prevalence with (b) TN- comparison of hospitalisation required
those with interventions and fatality

Figure 13: TN
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(a) Punjab- comparison of baseline prevalence (b) Punjab- comparison of hospitalisation re-
with those with interventions quired and fatality

Figure 14: Punjab
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(a) Jharkhand- comparison of baseline prevalence (b) Jharkhand- comparison of hospitalisation re-
with those with interventions quired and fatality
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Figure 15: Jharkhand
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(a) Assam- comparison of baseline prevalence (b) Assam- comparison of hospitalisation re-
with those with interventions quired and fatality

Figure 16: Assam

For states like Punjab, Jharkhand, Tamil Nadu and Assam, since the act parameter
is decreasing, it flattens out the curve of infectious/asymptomatic individuals. The same
pattern is noticd as we look at states with further lower values of act, lower population
density.
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(a) Goa- comparison of baseline prevalence with (b) Goa- comparison of hospitalisation required
those with interventions and fatality

Figure 17: Goa
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(a) Maharashtra- comparison of baseline preva- (b) Maharashtra- comparison of hospitalisation
lence with those with interventions required and fatality

Figure 18: Maharashtra
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(a) Tripura- comparison of baseline prevalence (b) Tripura- comparison of hospitalisation re-
with those with interventions quired and fatality

Figure 19: Tripura
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(a) Karnataka- comparison of baseline prevalence (b) Karnataka- comparison of hospitalisation re-
with those with interventions quired and fatality

Figure 20: Karnataka
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(a) Telengana- comparison of baseline prevalence (b) Telengana- comparison of hospitalisation re-
with those with interventions quired and fatality

Figure 21: Telengana
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(a) Gujarat- comparison of baseline prevalence (b) Gujarat- comparison of hospitalisation re-
with those with interventions quired and fatality

Figure 22: Gujarat
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(a) Andhra Pradesh- comparison of baseline (b) Andhra Pradesh- comparison of hospitalisa-
prevalence with those with interventions tion required and fatality

Figure 23: Andhra Pradesh
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(a) Orissa- comparison of baseline prevalence (b) Orissa- comparison of hospitalisation re-
with those with interventions quired and fatality

Figure 24: Orissa
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(a) MP- comparison of baseline prevalence with (b) MP- comparison of hospitalisation required
those with interventions and fatality

Figure 25: Madhya Pradesh
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(a) Rajasthan- comparison of baseline prevalence (b) Rajasthan- comparison of hospitalisation re-
with those with interventions quired and fatality

Figure 26: Rajasthan
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(a) Chhatisgarh- comparison of baseline preva- (b) Chhatisgarh- comparison of hospitalisation
lence with those with interventions required and fatality

Figure 27: Chhatisgarh
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(a) Uttarakhand- comparison of baseline preva- (b) Uttarakhand- comparison of hospitalisation
lence with those with interventions required and fatality

Figure 28: Uttarakhand
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(a) Meghalaya- comparison of baseline preva- (b) Meghalaya- comparison of hospitalisation re-
lence with those with interventions quired and fatality

Figure 29: Meghalaya

On the right hand of the panel we have the plots of fatal cases (f) and number of
individuals requiring hospitalisation (h) in each state. Since the scale of both the compart-
ments are much less than infected, asymptomatic and self-isolated individuals, they have
been separately plotted and looked at in detail. A common trend seen in these plots reflect
the increased requirement of hospitalisation for individuals in the states that are highly
dense (with high act parameters), for example Delhi, Chandigarh, Kerala, West Bengal
and Uttr Pradesh. Also in each of these states, we see a decline in f and h as public
health interventions are made stricter. Generally, for the densely populated states both
social distancing coupled with increased self-isolation produce the most decrease in both
f and h. However, for less densely populated states, increased social distancing starting
on the 15th day since the beginning of epidemic works best in lowering the requirement
of hospitalisation. In fact, in sparsely populated states like Uttarakhand and Meghalaya,
h reaches lower values for interventions like more social distancing after day 15 since the
beginning. However, the requirement remains for a longer period of time, almost three
months. But for a combination of social distancing and self isolation intervention the value
for h increases sharply but also decreases at a high rate, spanning over about 40 days only.

In conclusion, the highlights of the study are; firstly, increasing hospital capacity is
probably sensible, but may have little effect on fatalities if the numbers ovrwhelm available
capacity. Also, increasing hospital capcity is not easy, nor can it be done swiftly. Secondly,
rigorous and swift self-isolation in those who are symptomatic is very effective, especially if
done early. However, self-isolation is a major concern. Thirdly, increasing social distancing
also works, but works much better if done early, possibly before there is an obvious need for
it based on numbers infected or deaths. Thus majorly, social distancing implemented by 15
days since the beginning better works than waiting till 30 days after beginning. Fourthly,
a combination of prompt self-isolation plus social distancing is also very effective, in fact
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most effective in most states.
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