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Abstract 

COVID-19 pandemic has spread to practically all countries in the world, infecting over 3.8 million people and has resulted in 

over 260,000 deaths. In this article an analysis of worldwide data is presented and a simple model to describe the growth of 

epidemic is provided. From the data for different countries it is argued that the epidemic may peak when the total detected 

infections are between 0.1% to 1.0% of the total population.

Introduction 

Coronavirus disease 2019 (COVID-19) is an infectious 

respiratory illness caused by severe acute respiratory 

syndrome coronavirus-2 (SARS-Cov-2). It was first detected 

in the city of Wuhan, China during December 2019 and was 

first reported to the World Health Organization (WHO) on 31 

December 2019. WHO declared the outbreak a Public Health 

Emergency of International Concern on 30 January 2020. By 

6 May 2020 it has infected more than 3.8 million people and 

killed more than 260,000 worldwide. It has spread to more 

than 200 countries in all continents, except Antarctica. Only 

major countries with population of more than a million that 

have not reported any cases so far are, North Korea, 

Turkmenistan and Lesotho. USA with an infection of more 

than a million and over 65,000 deaths, is the country most 

affected by COVID-19. Another 9 countries have infections 

between 105 and 106. The basic data including the number of 

infections, deaths and recovery can be obtained from [1,2]. 

India recorded the first case on 30 January 2020 and the first 

three patients recovered from illness. However, a second wave 

of cases started in the beginning of March and the number of 

infections started rising rapidly, crossing 100 infections on 

14 March, 1000 on 29 March and 10000 on 13 April. The 

number of deaths caused by COVID-19 has also increased 

from 10 on 23 March to 100 on 5 April and 1000 on 28 April. 

As of 6 May 2020, 53006 persons have been infected, of 

whom 1784 have died, while 15331 persons have recovered, 

giving an infected population 35891. If we take the increase 

by a factor of 10 over 15 days, it gives a doubling time of 4.5 

days during the initial phase. The virus has spread to 33 states 

and union territories. Only two states, Nagaland and Sikkim, 

and the union territory of Lakshadweep have not reported any 

case so far.  

The usual symptoms include fever, cough and shortness of 

breath. The incubation period or the time between exposure to 

the virus and the onset of symptoms is typically, around 

5 days, but could extend up to 14 days. While the majority of 

cases cause only mild symptoms, a small fraction develop 

viral pneumonia which could result in multi-organ failure 

leading to death in some cases. The fraction of cases where the 

outcome is fatal, known as the Infection Fatality Ratio (IFR) 

is on an average about 1%, but the rate is higher in old per- 

sons and persons with other health conditions. A typical 

recovery period may be about 15 days, but it could be longer 

in severe cases. It is expected that people who have recovered 

are immune to the disease for at least some time. Currently, 

there is no medicine to treat this disease or a vaccine to prevent 

its spread. The infected population can be classified into three 

categories, symptomatic, those who show the symptoms of the 

disease, pre-symptomatic, those who do not show symptoms 

at the time of testing, but develop the disease at a later time 

and asymptomatic, those who never show any symptoms. The 

first two categories of persons can spread the disease for some 

days. It is not entirely clear if those who never show symptoms 

can infect others. These categories are of people who test 

positive for the virus. Instead of testing for virus, it is possible 

to perform serological test to detect antibodies to the virus in 

blood sample. In principle, such tests are supposed to identify 

people who have been infected at some point of time. The 

reliability of such tests is not clear, but there are many reports 

which indicate that the number of people who have been 

infected is much larger than the number of people detected 

with infection. The difference could be an order of magnitude 

or more [3]. The reasons for this are not clear, but it is possible 

that these people received only a small load of virus during 

infection, which they managed to clear without showing any 

symptoms. It is not clear if all these people who show 

antibodies have developed immunity to the virus. If that is the 

case, then we have a substantially larger population who are 

immune. This has important implication for the peak infected 

population. If the epidemic is not checked then ultimately a 
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substantial fraction of the population is expected to be 

infected. This number could be an order of magnitude lower if 

a large number of undetected cases also develop immunity. 

The infection is believed to spread through droplets expelled 

by the patient, while coughing, sneezing or talking. A major 

problem is that infected persons can start spreading the 

infection even before they show any symptoms, which makes 

it difficult to control the spread of disease. There is some 

evidence that the rate of infection also depends on temperature 

and humidity, with cold dry weather favouring the virus [4]. 

This is probably borne out by the fact that the growth rate of 

infections has been higher in cold countries during winter. 

However, from the fact that the virus has spread to practically 

all countries, it is clear that the range of climate variation is 

not enough to kill it, it may only slow the spread.  

To prevent the spread of disease, the common measures are 

identifying and isolating the infected persons, tracing contacts 

of infected persons, observing social distancing, avoiding 

large crowds, etc. An extreme measure that many countries, 

including India have adopted is the lockdown. The 

effectiveness of these measures, is not known and different 

countries and regions have varying level of success with these 

measures. The only countries with significant number of 

infections who have managed to control it effectively for 

prolonged period are China and South Korea. While China 

imposed strict lockdown, South Korea did not. Both used case 

isolation and aggressive contact tracing of detected infections 

to control the disease. 

Data on Epidemic 

In any region typically, the epidemic starts with a few 

infections and if these cases are not quickly identified and 

isolated, the disease spreads through the population which is 

largely susceptible to infection. Once the disease starts 

spreading, for the first few weeks the growth is essentially 

exponential, with a doubling time of 3-6 days. After that the 

doubling time typically increases as the population takes 

preventive actions to check the epidemic. After a few weeks a 

fraction of population recovers (or dies) from the disease and 

hence cannot spread it. From the point of view of spread of 

infection there is no distinction between recovery and death as 

both category of people would not spread the disease. We may 

consider that as population that is removed from the infected 

list. The extent by which the doubling time increases depends 

on the effectiveness of the measures taken. During this second 

phase the growth of infected population may follow a power 

law [5]. A crucial milestone in the control of epidemic is 

reached when the curve crosses the point of inflection, or 

when the second derivative of infected population changes 

sign, i.e., the number of daily infections reach a peak value. 

The total infections, by definition keeps increasing until it 

reaches a plateau. However, the number of active infections 

start decreasing once the growth rate becomes smaller than the 

recovery rate. This is the second milestone in epidemic 

control. Once the active infections start falling the infection 

rate comes down and the epidemic may be controlled, unless 

there is a second wave of infections. Figure 1 shows the 

growth of infection in a few countries to show the typical 

pattern. 

 

Figure 1: The total infections as a function of time for a few 

selected countries. The black line with symbols shows the data 

for India. 

The left panel of Figure 1 compares the infection in India with 

other countries that have large infected population. The figure 

has y-axis on log scale and hence an exponential increase 

would be a straight line. It can be seen that most countries 

initially follow an exponential trajectory that slows down as 

the infection progresses. Further, in all these countries, the 

initial growth rate was faster than that in India, but currently 

all of them, except Russia have slowed their growth 

significantly. The right panel of the figure compares India with 

some neighbouring countries. Sweden has been included as an 

example of a country that has not enforced any lockdown, but 

has relied on voluntary social distancing from its citizen. It can 

be seen that most of the neighbouring countries have similar 

growth rate and are following similar trajectory. This could be 

due to similar climatic and social conditions in these countries. 

To model the number of infections it has been suggested [5] 

that it can be approximated by: 

                        N(t)  =
N0

2
  (1 + erf (

t−th

√2σ
)),                     (1) 

where, N(t) is the total infections up to time t, N0 is the 

asymptotic value of N(t), i.e., the final number of infections, 

th is the time when the second derivative is zero, while  

controls the time-scale of epidemic. Here erf(x) is the error 

function. The parameters, N0, , th can be fitted to actual data 

and in principle, the model can be used to predict the course 

of the epidemic. This model can be used with either the 

number of infections or deaths. Here we prefer to use the 

number of infections to avoid large statistical fluctuations due 

to small numbers in deaths. Further, the number of deaths al- 

ways lags the number of infections, as the patients die several 

days after being infected. Hence, for prediction it is better to 

use number of infections. If this model is valid then 

N(th) = N0/2 and we may expect the number of infections to 

double after this stage is reached. This would also be the 

midpoint in terms of time. The values of these parameters may 

depend on the control measures adopted, but the form is 

claimed to apply to most countries and regions. The basic idea 

is that the details of intervention measures are not important 
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and in all cases we get similar profiles, which can be made to 

match each other by suitable scaling. However, the predictive 

value of this model is not clear. It is unlikely to be useful 

unless we are at t > th, but even at this stage there is  

TABLE 1. A table giving the status of COVID-19 epidemic on 

6 May 2020 in selected countries and states. The table shows, 

the doubling time-scale t2, the recovery time-scale tr. For those 

countries which are past the point of inflection, it also gives 

the time th at that point and the percentage of population, fh 

that was infected on that day. For those countries where the 

number of active infections has started decreasing, the table 

also gives the date on which the peak was attained. 

Country t2 tr th fh Tpeak 

  (days)  (%)  

US 21.8 33.4 21 Apr 0.25 - 

Spain 34.2 27.3 02 Apr 0.24 23 Apr 

Italy 35.7 32.4 30 Mar 0.17 20 Apr 

UK 20.6 - 20 Apr 0.18 - 

France 27.0 28.8 08 Apr 0.14 28 Apr 

Germany 34.1 15.9 02 Apr 0.10 06 Apr 

Russia 9.7 21.5 - - - 

Turkey 21.8 18.1 13 Apr 0.07 23 Apr 

Brazil 10.0 10.8 - - - 

Iran 33.9 12.2 02 Apr 0.06 05 Apr 

Canada 19.2 19.1 23 Apr 0.12 - 

Peru 10.0 14.1 - - - 

India 10.9 17.3 - - - 

Belgium 26.8 29.8 09 Apr 0.22 - 

Netherlands 27.9 - 07 Apr 0.11 - 

Ecuador 12.6 27.0 - - - 

Switzerland 37.8 17.7 29 Mar 0.17 02 Apr 

Pakistan 11.9 19.0 - - - 

Sweden 20.9 30.5 19 Apr 0.14 - 

Singapore 14.0 27.9 22 Apr 0.17 - 

Bangladesh 9.1 19.9 - - - 

New York 26.6 35.4 07 Apr 0.72 - 

New Jersey 22.5 39.5 11 Apr 0.64 - 

Maharashtra 9.4 17.8 - - - 

Gujarat 10.0 16.2 - - - 

Delhi 10.5 20.5 - - - 

 

considerable uncertainty and it typically tends to 

underestimate N0. However, this model can be fitted to 

estimate th. If the estimate turns out to be beyond or close to 

the last data point, then it is not likely to be reliable. In that 

case, most likely the country or region has not reached the 

point of inflection. A more realistic model will be described in 

the next section.  

Table 1 summarises the status on 6 May 2020 in some 

countries and states in USA and India. The table gives the 

current doubling time-scale, which is obtained by the time 

interval from the time when the number of infections were half 

of the current value. The table also gives an average recovery 

time-scale which is obtained by adding the number of 

recovered persons and deaths and then checking when this 

number matched the number of infections. When the doubling 

time (t2) is greater than the recovery time (tr) we can expect 

that the number of active infections would start declining. The 

ratio tr/t2 gives an idea of how close a country or region is to 

recovery. For those countries where the second derivative of 

infections has changed sign, the table also gives the date on 

which that happened and the percentage of population that was 

infected at that stage. For those countries where the number of 

active infections have started decreasing the table also gives 

the date on which the peak was achieved.  

Currently, India is in 14th position in terms of the number of 

total infections. Among the countries above India in the list 

only Russia, Peru and Brazil have a doubling time less than 

India. All other countries have significantly larger doubling 

time, suggesting that they have controlled the epidemic. In 

recent days, India is generally among the top 10 countries in 

terms of the number of daily infections. Some of these could 

be just because of larger population of India. The initial 

growth of infection is independent of population, until the total 

infections become a sizeable fraction of the population. By 

now some countries may have reached that stage. Among 

other countries with more than 5000 infections, only 

Bangladesh (9.1 days) has doubling time of less than 11 days. 

The recovery time shows a lot of variation and some of it could 

be due to differing criterion used to define recovery, while 

some variation is expected from the variation in fraction of old 

population as they are the ones who take longer to recover. 

UK and Netherlands do not declare the number of recovered 

persons and hence the recovery time cannot be estimated for 

them. Many of the countries in the list have reached the time 

th and the epidemic is clearly slowing down, while some 

countries have also reached the peak of infected population 

and the number of active infections has started declining. 

Modelling the Epidemic 

Various mathematical models have been used to model the 

spread of epidemics and these are applicable to COVID-19 

also. It should be understood that even the most sophisticated 

of these models can only approximate the spread and may not 

have much long term predictive value. Another problem with 

many models is that they typically have a lot of parameters to 

describe various aspects and most of these parameters cannot 

be independently determined. As a result, the predictions from 

these models would depend on the values of these parameters, 

thus rendering them not very effective [6]. It is perhaps better 

to use a model with minimum number of free parameters 

which can be determined by fitting the observed data over 
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some time interval. Such models may also not capture all 

details of the epidemic, but they are conceptually simpler to 

understand.  

The simplest models are the so called Susceptible Infectious-

Recovered (SIR) model which keep track of the numbers of 

Susceptible (S), Infected (I) and Recovered (R) persons in a 

total population of N. Here the population could be for entire 

country, a region or a city. Since the model assumes the 

population to be homogeneous, it would better represent a city 

or a region with uniformly distributed population. This may 

not be true for any country, but we can still apply it. Further, 

the infected population refers to number of active infections 

and recovered population would also include the deaths as 

both are removed from the infectious stage. Hence, for 

simplicity we do not distinguish between the dead and 

recovered population and consider them in one group. If 

infection fatality ratio is known one can easily calculate the 

expected deaths from this number. The simplest differential 

equation describing an epidemic can be written as [7]: 

        
𝑑𝑆

𝑑𝑡
= −𝛼

𝐼𝑆

𝑁
 ,   

𝑑𝐼

𝑑𝑡
= 𝛼

𝐼𝑆

𝑁
− 𝛾𝐼,   

𝑑𝑅

𝑑𝑡
= 𝛾𝐼             (2) 

where  and  are two parameters defining the model. The rate 

of infection is determined by  and the rate of recovery by . 

The rate of infection is proportional to the product of I and S, 

just like that in any nuclear or chemical reaction. The 

denominator N is only for normalisation, as in principle, it can 

be absorbed in , but that will make  very small and 

dependent on population. The equation in this form is clearly 

unrealistic [8] as the people who are detected to be infectious 

today were actually infected a few days back, so the value of 

I at that time should apply. Ideally, as explained in [8] this 

should be replaced by an integral over time of I weighted by 

the probability distribution of incubation period. For 

simplicity, we assume that the probability distribution is a 

delta function, i.e., all people were infected at time t - ti. The 

same applies to recovery, as persons recovering today were 

infected several days back and again this should be replaced 

by an integral with probability distribution of recovery time. 

For simplicity, we assume that this is also a delta function and 

all persons who were infected at time t - tr recover at time t. It 

should be noted that this is not the number I(t - tr), but the 

number of new infections on that day. To simplify the model 

still further, we assume that both ti and tr have integer values 

in days. We use ti = 5 days and tr = 15 days. Further, we replace 

the differential equation by a difference equation with time as 

integer, in days from some arbitrary time taken as t = 0. We 

also need another variable D to define the number of new 

infections on that day. With this the difference equation 

becomes: 

                D(j)  =  α
I(j−ti)S(j−1)

N
                                            (3) 

                R(j)  =  R(j − 1) + D(j − tr) + βD(j)              (4) 

                 I(j)  =  I(j − 1) + D(j)  −  D(j − tr )             (5) 

                S(j)  =  N −  R(j)   −  I(j)                                   (𝟔) 

Here, the parameter  = 0 normally, but positive values can be 

used to account for the fact that there is a considerable 

evidence for a substantially larger number of persons who get 

infected but may not be detected positive by test, though, they 

 
Figure 2: The model solution for different values of  

may become immune to the disease. We try different values 

of   to see its effect. Because of the past memory in these 

difference equations, we cannot start the solution by giving 

just the initial values of the variables at t = 0. To overcome 

this, we use the actual data for a given country or region for 

the first tr days as the initial conditions and start the solution 

from j = tr + 1. This is not a serious limitation as ultimately we 

also need to fix the parameter  by fitting the observed I(t) 

over the next few days. The initial solution is not sensitive to 

parameter  and hence that cannot be determined and will not 

affect the solution over most of the time. Only when I is near 

the peak value, the solution depends on  and in fact it 

determines the peak value of I(t). It may be noted that in the 

first equation we have used S(j-1) instead of S(j-ti) as if we use 

the latter, during the declining phase S can become negative. 

We use the data for India from 1 March 2020 to provide the 

initial conditions. The actual solution starts 15 days later when 

the number of infections is larger than 100. This is done to 

avoid fitting statistical fluctuations due to small number 

statistics. The solution for different values of  are shown in 

Figure 2, while  is calculated by fitting the data for the first 

15 days (excluding the starting values). We have generally 

used I(t) to fit the data, but instead we can use the total number 

of infections and the fitted value of  is essentially same. This 

gives a value of  = 0.40. It can be seen that the peak of I shifts 

downwards with increasing  and the epidemic also ends 

about 35 days earlier for  = 50. For  = 50 the final (detected) 

infected population is about 2% of the total population. The 

reduction in peak infections has a significant implication for 

health care facilities required to deal with the epidemic. We 

generally use  = 50. Some justification for this would be 

provided in the last section. In these models the epidemic 

appears to end in about 5 months, but this period would be 

extended if the growth rate is reduced.  

The model can be checked by comparing the results with the 

observed data. There is a possibility that observed data may 

not be complete, in the sense that all infected persons may not 

be detected. For all countries, the number of infections is 

typically a lower bound on the number as some infections 

would be undetected. If the fraction of undetected cases is 

fixed then the model will still work, but if this fraction is 
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varying with time then clearly it will not apply. Because of 

that many modellers prefer to use the number of deaths, as 

those are believed to be more reliable. However, that also has 

a lot of variation, as there is no defined procedure to classify 

the deaths due to COVID-19. For example, if a COVID-19 

patient dies of heart-attack, some regions may not consider it 

as COVID-19 death, while others will. Also deaths at home 

may not be diagnosed as due to COVID-19, unless the patient 

had already tested positive for it. Further, the number of deaths 

are much smaller in number which gives larger statistical 

fluctuations. Since almost all countries do register deaths, 

epidemiologist sometimes use the excess deaths, by taking the 

total number of deaths during a period within an epidemic and 

subtracting it from the average over the same period in the last 

few years. Such studies have shown that the COVID-19 deaths 

have been underestimated by about 50% in Europe. A similar 

exercise for India came up with a negative number of deaths 

due to COVID-19, as presumably, because of lockdown the 

deaths in accidents were significantly reduced. Thus, it is clear 

that none of the numbers are reliable and we can only use the 

available data. As mentioned earlier, the serological tests have 

shown significantly larger infected population as compared to 

detected infections. Hence, value of  of the order of 10 or 

higher may not be unrealistic. 

Effect of Lockdown 

To control the epidemic various measures have been adopted, 

like, social distancing, testing and isolating infectious patients, 

contact tracing and quarantining suspected cases who could 

have come in contact with confirmed patients. A more extreme 

approach is to lockdown the region to enforce social 

distancing and to confine the potential infections. The 

effectiveness of these measures have not been estimated 

experimentally, since it is difficult to do control experiments. 

There are a number of sophisticated models which take into 

account social interaction to estimate these effects, but it is not 

clear if these have been validated by comparison with actual 

data. In any case, these models have many free parameters 

defining the compliances to measures and other aspects. The 

values of these parameters will affect the solution significantly 

and any prediction based on these models may not be reliable 

[6]. The effect of case isolation can be modelled easily. If a 

fraction q of infected cases are isolated, the parameter  would 

be multiplied by a factor of (1-q). However, it is difficult to 

estimate q independently. It is obvious that if 50% of active 

infections are isolated,  will reduce by a factor of two. If we 

can identify and isolate 80% of infected persons, the rate will 

come down by a factor of five and in all probability the 

epidemic will be controlled. Contact tracing helps in 

identifying and isolating potential future infections, thereby 

reducing the infection rate.  

Hence we take an experimental approach and estimate how 

much  has to be reduced to match the observed data. To start 

with we fix the initial value of  by fitting the initial part of 

data, typically, first 15 days. Once it starts deviating from the 

model, we decrease  in small steps for the next several days. 

This introduces two parameters, one is the factor by which  

is reduced every day and second the duration of decrease. By 

adjusting these two parameters to match observed data we can 

estimate how much  is reduced.  

 

Figure 3: Fit to data for four countries and two states. The 

red line shows the fit to initial part of data showing 

exponential growth, while the black line shows the fit when the 

parameter  is reduced gradually over some time interval. 

The time t = 0 corresponds to 1 March for India and New 

Jersey, 14 March for Maharashtra and 20 February for other 

countries. 

Figure 3 shows the result of this calculation for four countries, 

India, USA, Switzerland and Sweden as well as two states, 

New Jersey (USA) and Maharashtra (India). For India, the 

modification needs to be applied over 30 days, while for USA, 

Switzerland, Maharashtra, Sweden and New Jersey the 

modification is applied over 20, 10, 10, 8 and 6 days, 

respectively. After this the model appears to follow the curve 

very well and may have some predictive value. For US, 

Sweden and New Jersey the peak infections is reached within 

the next few weeks. The value of  at the end of this phase 

doesn't have much significance as unlike standard SIR model 

the Eqs. (3-6) use past values, so it is not the same as starting 

from an initial value. It appears that except for India all other 

regions in Figure 3 have managed to reduce the coefficient 

within 35 days of the infections reaching 100. In particular, 

Sweden did not enforce any lockdown, but still managed to 

reduce the slope within 20 days. Hence, it is not clear whether 

a lockdown is required or the effect happens just because 

citizens automatically follow control guidelines and the 

government enforces isolation of infected persons and tracing 

their contacts. Interestingly, irrespective of when the 

lockdown was enforced the slope started declining within 10 

to 15 days of region crossing 100 infections. The same is 

found to be true of Italy and Spain, which are just past the peak 

of infection. Some of this reduction could be statistical effect 

as in real world the infection may be spreading in many 

loosely connected clusters of varying size rather than one 

mixed population.  
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Because of varying  it is difficult to use this model to predict 

the growth of epidemic in India. It is possible that the model 

is not applicable due to inhomogeneities in population or 

because the preventive measures are still evolving. During 

lockdown many measures were taken and it is difficult to 

identify which were most effective. For example, if 50% of 

the infected population is isolated the infection rate will 

decline by 50%, which is approximately the reduction in 

growth rate for India. The red curve in the figure has a 

doubling time of about 4 days, which has now increased to 

about 11 days. Lockdown may help in tracing contacts of 

infected population. Restriction on long distance travel can 

help in localising the infection, though it may not reduce the 

growth of infection over the country, as the infected people 

will infect the neighbours wherever they are. Another benefit 

is that it has given us some time to boost the healthcare 

facilities across the country. The effect of these measures also 

varies from region to region. For example, Indian cities 

typically have a large fraction of population staying in slums, 

where it is difficult to enforce any social distancing. Even in 

other countries, the underprivileged population is affected to a 

larger extent. There have been other beneficial effects of 

lockdown, for example, the reduction in overall number of 

deaths, as the deaths due to accidents have been largely 

avoided, reduction in pollution which would certainly 

improve the health of citizens and reduction in carbon dioxide 

emission. Unfortunately, all these benefits are at the expense 

of economy and unemployment.  

Looking at the curve of infections in India, it has not yet 

reached the point of inflection. Hence, the epidemic would 

continue for at least, two more months and most likely longer. 

It is not clear if any country can sustain such long lockdown 

and hence economic activities need to be restarted gradually, 

even though the number of infections may keep rising. During 

most epidemics one of the factor which stands in the way of 

control is that because of the stigma attached to the disease 

and lack of confidence in the health care system, citizens do 

not report the sickness. This is a social problem which needs 

to be addressed. 

Future Outlook  

The important question that everyone wants to know is how 

the epidemic will grow and when will it end. As mentioned 

earlier no model has predictive power to calculate the growth 

over a long time interval. At best we can extrapolate the trend 

for a few weeks. That also assumes that there is no second 

wave of infections. Thus the only alternative is to look at the 

data for those countries where the epidemic started early. So 

far the only countries that have managed to control the 

epidemic for a prolonged period are China and South Korea. 

Apart from these, Taiwan and Hong Kong have largely 

contained it, except for a few fluctuations. All these countries 

have relied on case isolation and aggressive contact tracing. 

Japan and Singapore did manage to control it initially, but 

recently the number of infection there have risen significantly. 

Thus it is clear that it is not easy to keep the epidemic in check. 

More recently, Australia and New Zealand have also 

controlled the epidemic. Most European countries are trying 

to   relax  the  restrictions  as  they   are   just   past  the  peak.  

The effect of relaxation of measures need to be watched. 

In general, there are two possible scenarios for the end of 

epidemic, the first is when the number of infections are kept 

in control at low numbers and the second is when the number 

of infections is large enough so that a good fraction of 

population is immune to the disease and in that case with a 

smaller effort it would be possible to control the epidemic. 

Simple SIR or other models would suggest that the latter 

requires about 50% of the population to be immune. Looking 

at the number of infections in all countries, none have reached 

anywhere close to that. However, as mentioned earlier there 

are some reports from serological tests that a significantly 

larger fraction of population may be immune. We can try to 

estimate what is the required fraction of population that needs 

to be detected as infected before the plateau in epidemic is 

reached by looking at the data for all countries, particularly, 

those with comparatively small population where the numbers 

have approached about 1% of the population and which have 

controlled the epidemic to some extent, say have at least, 

reached the point of inflection in the curve one week earlier. 

It is not possible to locate the point of inflection if it has been 

achieved more recently, as we need some data past the point 

to check the status of infection. Such studies may give us some 

idea about the fraction of infected population required to reach 

the plateau in infections. For this purpose, we consider only 

countries with a population exceeding 10000 and where the 

number of infections is more than 100. Smaller numbers 

would obviously give larger statistical fluctuations and it is 

difficult to even determine the status of the epidemic.  

 

Figure 4: Percentage of active infections as a function of time 

for all countries that have more than 0.1% infections. The left 

panel shows those countries which are approaching the 

plateau in infections, while the right panel shows the countries 

that have not yet reached the plateau. 

Looking at the table of infections, it can be seen that as of 6 

May 2020, only two countries, San Marino and Vatican City 

have reached infections exceeding 1%. The latter with 12 

infected persons does not meet our criterion, so only San 

Marino which is the oldest and smallest republic in the world, 

surrounded on all sides by Italy, can be examined. The 

infections in San Marino (currently 608) have been rising 

approximately linearly and so far there is no peak in the 

number of active infections, though it has most probably 

crossed the point of inflection. They have tested only about 
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2660 persons for the virus and that could be limiting their 

ability to control the epidemic, but they currently have 

doubling time of 27.5 days and hence the epidemic is largely 

under control. Figure 4, shows the curve for this country along 

with others. Among the regions, New York and New Jersey 

states in USA have also exceeded 1% infected populations and 

both have crossed the point of inflection. The curve for New 

Jersey is also included in Figure 4.  

In the next bracket of 0.5-1.0% (black lines in Figure 4) there 

are five countries that meet our criterion, i.e., Andorra, 

Luxembourg, Iceland, Spain and Qatar. In the first four the 

epidemic is under control and the number of infections have 

started reducing. The only country where the daily infections 

may still be growing is Qatar (t2 = 11.4 days). In the next slab 

of 0.3-0.5% (blue lines in Figure 4), there are 10 countries, of 

these in six countries/regions, Gibraltar, Faeroe Islands, Isle 

of Man, Switzerland, Italy and Channel Islands, the number of 

active infections have started declining, while the rest, i.e., 

Belgium, Ireland, USA and Singapore have crossed the point 

of inflection, with Singapore achieving that recently for the 

second time. Similarly, in the next slab of 0.2-0.3% (cyan lines 

in Figure 4) also 7 out of 9 countries have reached the point of 

inflection. The exceptions are Bahrain (t2 = 15.1 days) and 

Belarus (t2 = 11.0 days). Even in the next slab of 0.1-0.2% 

(magenta lines in Figure 4) out of 23 countries, 17 have at least 

crossed the point of inflection. The remaining countries are 

Panama (t2 = 19.6 days), Ecuador (t2 = 12.6 days), UAE 

(t2 = 14.8 days), Peru (t2 = 10.0 days), Kuwait (t2 = 9.7 days), 

Chile (t2 = 13.6 days), Maldives (t2 = 6.8 days) and Russia 

(t2 = 9.7 days). Maldives reported almost 30% of its cases on 

30 April giving a spurt in infections. Between 0.05-0.1% only 

a few countries have reached the point of inflection. Below 

that only countries with more than 5000 infections that have 

controlled the epidemic are Australia (0.026%), South Korea 

(0.021%), Malaysia (0.02%) and China. Apart from these 

there are a few other small countries that also have infected 

population of 0.1-1.0% and all of them also appear to have 

controlled the epidemic. There is a possibility that some of 

these countries may have a second wave of infections which 

may push the numbers further up. While this cannot be ruled 

out, but considering that many countries with relatively large 

population in this list have seen controlled infections over the 

last month, it is most likely that a large fraction of them will 

end the epidemic in the next few months [9]. 

Looking at these data, it appears that with some control 

measures it is reasonable to expect that the epidemic would 

peak when about 0.1-1.0% of the population is detected to be 

infected. All the countries that have controlled the infection 

among these have used varying measures and have population 

varying by 4 orders of magnitude, yet the peak is not very 

different. Only 3 of the 25 countries with infections exceeding 

0.2% of population have not yet controlled the infection, 

though the doubling time has increased to more than 11 days 

for all these and there is a good chance that over the next few 

weeks they will control the epidemic.  The list of countries in 

this range covers a wide range from Djibouti in Africa to USA. 

It is unlikely that this is a coincidence and it appears that the 

end state is relatively independent of the measures adopted. 

The difference in the peak percentage of infection, may be due 

to population density, measures adopted to control the 

epidemic and the extent of incompleteness bias, but it is clear 

that these have only limited influence. There is likely to be 

some underlying reason for this. This fraction is much smaller 

than the number that a simple SIR or other models would 

predict. Because of this most of the models that we used were 

with  = 50, that gives a peak infection of about 2%. If this is 

true, than the number of expected infections and fatalities will 

be lower by a factor of 10-50. This does not mean that we 

should discard all measures, as obviously all these countries 

did enforce some measures. Without any measures the 

numbers would certainly be a few times higher.  

We conclude with a few remarks about the future outlook for 

India. As usual there are two possibilities, the first is if India 

is able to control the epidemic before reaching the infection 

percentage mentioned above. In this scenario, it will be 

difficult to maintain low infections as has been experienced by 

Japan and Singapore, where there was a second wave which is 

also now controlled. In this case, there would probably be 

waves of infection until the second possibility is realised. The 

second possibility is that India reaches an infected population 

of about 0.1% when the epidemic is controlled. The actual 

peak level of infection is uncertain, but considering the climate 

and other factors and some control measures, it may be 

realistic. For example, Iran reached the point of inflection at 

0.06% infections. Looking at the curve for Iran (Figure 1) it 

can be seen that they did manage to reach a plateau in 

infections earlier, but a second wave of infections pushed it 

higher and only now they have reduced the number of 

infections significantly. In fact, currently they have less active 

infections than India. Though, in the last few days there is a 

small increase in infections in Iran. Considering that the 

spread of infections in India is highly non uniform and 

restricted to some regions, the effective population may be 

smaller than the total population, and the plateau may be 

reached earlier. Currently, India has an infected population of 

about 0.004%. Considering the current growth rate, the 

plateau may be reached sometime in July. However, that may 

not be the end of epidemic as once the travel restrictions are 

removed, it may spread to other regions that have not seen 

much infections now. The current hot-spots account for a 

significant fraction of India's population and hence the later 

spread may not increase the numbers significantly but the 

control may be delayed.  

In the local hot-spots the control may happen earlier. For 

example, Mumbai currently has about 0.05% infected 

population, but considering that it is densely populated, the 

peak is not likely to be much below 1%, which may be reached 

in June. Hence, it is clear that the epidemic will continue for 

at least three more months in India. The social distancing and 

some other measures will need to continue for several months 

and we need to adapt to these measures. 
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Dr. June Dalziel Almeida (1930 –2007) the daughter of a Scottish bus driver, who left school at 16, was a Scottish virologist, 

and a pioneer in virus imaging through electron microscopy. She played a crucial role in developing new electron 

microscopy techniques for clinical diagnostic virology. In 1966, using her new techniques, Almeida was able to identify a 

group of previously uncharacterised human respiratory viruses (J. D. Almeida and D. A. J. Tyrrell, J. Gen. Virology, 1, 175 

(1967)), which were called "coronaviruses". The coronavirus family now includes many viruses including the SARS-CoV-

2 virus that causes COVID-19. 
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