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Abstract: Andhra Pradesh is one of most covid affected state 

during first and second waves in India. This state contains 13 

districts. This paper proposes Susceptible, Asymptomatic, 

Infected and Recovered – Regression and Grid Search (SAIR-

RGS) model for analyzing COVID-19 pandemic with 

asymptomatic patients for the state Andhra Pradesh during 

second wave from 1-2-2021 to 30-09-2021. SAIR-RGS initially 

collects daily covid cases information from Department of Health, 

medical and family welfare, AP and estimates the model 

parameters using regression and grid search methods. To 

calculate recovery rate (γ) the proposed model uses least square 

method between daily active cases and recoveries. This method 

estimates remaining two parameters i.e., contact rate (β) and 

symptomatic rate (δ) using grid search method in two phases. 

After that the proposed method estimates the average total 

number of asymptomatic cases during second wave for all 13 

districts of AP. Also, the proposed SAIR-RGS model calculates 

infectious period and basic reproduction number (R0) for all 

districts. Finally proposed model predicts the chances of third 

wave in each district. 

 

Keywords: Asymptomatic, Andhra Pradesh, SAIR, regression, 

grid search, infectious period, basic reproduction number. 

1. Introduction 

Currently more than two hundred and thirty-four million 

people infected with Covid–19 globally and more than 4 million 

people lost their life [33]. Unlike Influenza (flu), covid spread 

more easily and can infect some people very seriously. The 

major problem with Covid -19 is the asymptomatic nature of 

the huge number of patients even after infection. They can 

infect others like symptomatic patients. Initial asymptomatic 

person either turn into sever symptomatic person after some 

days or can recover from the virus with antibodies in their body. 

Also, there are chances to carry this asymptomatic nature for a 

long time. India is one of the biggest democratic countries with 

huge number of populations more than 134 crores.  India is 

homeland for different cultures, different religions, different 

casts, and different languages. Because of this diversity India 

witnessed most covid affected country in the world in both first 

and second waves. India recorded second highest number of 

infections after USA and third highest number of deaths after  

 

USA and Brazil [33]. Compared to first wave, virus transmitted 

very fast in second wave. New mutations or variants and shorter 

incubation period could be the major reason behind this. 

In first wave government of India imposed country wide lock 

down and implemented strict covid protocols i.e., face masking, 

social distancing, ban on international transport etc. to reduce 

covid transmission rate. But in second wave government of 

India allowed states to take their own decisions for controlling 

covid transmission in their respective states and encouraged 

micro cantonment zones. This decision resulted difference in 

both waves. The first wave was national whereas second wave 

purely regional. Because of this reason states started taking 

individual decisions to control virus in their respective area. 

This could be the major reason for increasing number of cases 

in second wave in the rest of India. For example, due to huge 

number of covid cases and lack of sufficient hospital beds, 

oxygen cylinders, Delhi government announced full state lock 

down in the month of April. Then migrated people from 

different states prefer to return to their native places and 

transmitted virus even remote areas too. Also, local body 

elections in some states would be major reason for the 

transmission of virus in rural areas. In first wave more cases 

registered in Urban areas for first five months while in second 

wave more cases stared in rural areas within two months. Out 

of more than 50 most affected districts 26 districts from rural 

areas. Maharashtra, Andhra Pradesh, Kerala, Tamil Nādu and 

Karnataka were most top five most affected states in India. 

Second wave initially started from Maharashtra, then went to 

North after that transmitted to south and east part of India.  

Andhra Pradesh is one of the most Covid affected states in 

India. This state contains 13 districts. Coastal Andhra and 

Rayalaseema are two regions in this state. Nine districts come 

under coastal region and remaining four districts comes under 

Rayalaseema region. In this state on an average 70 daily cases 

were registered in the month of February but this number 

reached to more than 24 thousand daily cases in the month of 

May. Because of this sudden surge effected the shortage of 

oxygen and ICU beds. Also, in second wave younger generation 

less than 45 years affected more especially in rural areas and 

Modelling COVID-19 Pandemic with 

Asymptomatic Patients for the State  

Andhra Pradesh, India 

Munukutla Srinivasa Lakshmana Bala Subrahmanyam1*, Vajjha Hem Kumar2 

1Head-Imaging & Algorithm Practices, Srikari Impetus Solutions Pvt. Ltd., Hyderabad, India 
2Founder and Chief Architect, Srikari Impetus Solutions Pvt. Ltd., Hyderabad, India 



M. S. L. B. Subrahmanyam et al.                  International Journal of Research in Engineering, Science and Management, VOL. 4, NO. 10, OCTOBER 2021 7 

most of the cases were asymptomatic. Lack of proper 

infrastructure, testing mechanism, awareness over the virus 

resulted high transmission of infection in this state and leads to 

community spread in both rural and urban areas. Nearly more 

than 39 lakhs rural people suffered from this pandemic during 

second wave. In second wave initially 80 days taken to reach 

one lakh cases on 22-4-2021[31] but reached to two lakh cases 

within seven days and reached to three lakh cases in eight days 

interval. Next four lakhs and five lakhs touched within 5 days 

intervals respectively. More than ten lakhs cases touched on 

20th July 2021. After that reached to eleven lakhs in 44 days i.e., 

on 14-08-2021[31].  

In this paper we are proposing Susceptible, Asymptomatic, 

Infected and Recovered – Regression and Grid Search (SAIR-

RGS) model for analyzing covid trends with asymptomatic 

patients. The proposed model considers from 1-2-2-21 to 30-

09-2021 i.e., 242 days as second wave and collects daily covid 

information from department of Health, medical and family 

welfare daily bulletin [31]. The proposed method estimates 

model parameters using regression and grid search 

mechanisms. From these parameters we can estimate Infectious 

period, average total number of asymptomatic cases and 

average basic reproduction(R0) of each district in this state. 

2. Literature Review  

So many papers available for modeling epidemics in the 

literature. In [4, 9-15, 20-23] authors predicted and estimated 

virus trends using SEIR model.  In [16, 18, 21] authors used 

latest technologies like artificial intelligence, machine learning 

and deep learning techniques. Authors in [24]-[27] used SIR 

model for predicting parameters and authors in [1 3 8 28 29 34 

- 44] presented models with asymptomatic patients. Herbert W. 

Hethcote et al. presented mathematics of infectious disease in 

[6]. In [7] authors contributed mathematical theory on 

epidemics. Gemma Massonis et al in [37] presented 36 

epidemiological models. Kenji Mizumoto et al [34] presented 

asymptomatic portion of covid 19 cases. In [35] authors 

addressed asymptomatic role of ongoing pandemics. Sang Woo 

Park et al [36] provided time scale of asymptomatic 

transmission effects. In [38] Xiaoqi Bi et al. presented group 

and networked versions-based model for capturing dynamics of 

asymptomatic infections. SUTRA model for addressing 

asymptomatic patients presented in [1]. Impact of Covid on 

different sectors addressed in [46], [47]. IoT based health 

monitoring addressed in [48].  In [39] Paolo Di Giamberardino 

et al. presented ordinary differential equation-based model for 

Italy covid 19 trends. SEIR model improved with asymptomatic 

patients in [40]. Using wirelesses network functions in [41] 

Alaa A. R. Alsaeedy et al. detected COVID – 19 risk regions. 

SAIR model which includes mobility data presented in [42]. 

SAIR model which includes mobility data presented in [42]. A 

review on asymptomatic infections assessment and 

management addressed in [43]. SEIAR model presented in [44] 

to assess the virus intervention measures. 

3. Methodology 

Initial epidemiological model SIR divides the population into 

three categories i.e., Susceptible (S), Infected (I) and Removed 

(R) and its dynamics given by 

 
𝑑𝑆(𝑡)

𝑑𝑡
=  −β ∗ S(t) ∗ 𝐼(𝑡)                                                     (1) 

𝑑𝐼(𝑡)

𝑑𝑡
=  β ∗ S(t) ∗ 𝐼(𝑡) −  γ ∗ 𝐼(𝑡)                                      (2) 

𝑑𝑅(𝑡)

𝑑𝑡
=   γ ∗ 𝐼(𝑡)                                                                 (3) 

 

where β represents contact rate and γ represents recovery rate 

respectively. 

In this model the susceptible people directly enter Infected 

group. More realistic model SEIR which consists intermediate 

compartment exposed (E) in between S and I and its dynamic 

given by 

 
𝑑𝑆(𝑡)

𝑑𝑡
=  −β ∗ S(t) ∗ 𝐼(𝑡)                                                    (4) 

𝑑𝐸(𝑡)

𝑑𝑡
=  β ∗ S(t) ∗ 𝐼(𝑡) − 𝜀 ∗ 𝐸              (5) 

𝑑𝐼(𝑡)

𝑑𝑡
=  𝜀 ∗ 𝐸 −  γ ∗ 𝐼(𝑡)                                                    (6) 

𝑑𝑅(𝑡)

𝑑𝑡
=   γ ∗ 𝐼(𝑡)                                                                 (7) 

 

where parameter 𝜀 represents the incubation rate. 

 

In this model contact with infected person in I with any one 

in S group leads to probability of new infection. But such people 

first enter intermediate compartment E rather than directly into 

I group. In this model there is no SE term i.e., no chance of new 

infections with contact between S and E group of people. But 

from characteristics of COVID-19 there are chances of 

asymptomatic infections in between S and I instead of E. To 

differentiate symptomatic and asymptomatic cases the present 

paper proposes SAIR model and estimates the model 

parameters using regression and grid search methods. 

The proposed model divides the considered population into 

four compartment namely susceptible, asymptomatic, 

infectious, and removed. The first compartment i.e., susceptible 

represents the fraction of people who can be able to transmit the 

disease. The second compartment i.e., asymptomatic represents 

the fraction of people who does not show any symptoms but 

able to transmit to others. The third compartment i.e., Infectious 

represents the fraction of people who are infected with the 

disease. The fourth compartment contains the fraction of people 

who recovered from the disease.   

Let t be the time variable and N be the size of population Let 

S(t), A(t), I(t) and R(t) represents the susceptible, 

asymptomatic, Infected and recovered respectively at time t as 

shown in Fig 1. Suppose all component values divided by N 

then these values lie between 0 and 1. 

So S(t) + A(t) + I(t) + R(t) = 1  

 

 
Fig. 1.  SAIR model 
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The following four differential equations represents 

migration of people from one compartment to another 

compartment with time variable t. in this equation β, δ, and γ 

represents contact rate, symptomatic rate and infection rate 

respectively. These parameters relate the model differential 

equations. 

 
𝑑𝑆(𝑡)

𝑑𝑡
=  −β ∗ S(t) ∗ 𝐼(𝑡) −  β ∗ S(t) ∗ 𝐴(𝑡)          (8) 

𝑑𝐴(𝑡)

𝑑𝑡
= β ∗ S(t) ∗ 𝐴(𝑡) +  β ∗ S(t) ∗ 𝐼(𝑡) − (γ +  δ) ∗ 𝐴(𝑡)  (9)                                            

𝑑𝐼(𝑡)

𝑑𝑡
=  δ ∗ 𝐴(𝑡) −  γ ∗ 𝐼(𝑡)              (10) 

𝑑𝑅(𝑡)

𝑑𝑡
=   γ ∗ 𝐼(𝑡)                         (11) 

                                                     

The proposed method uses the following initial conditions, 

   

S(0) = 1- A(0) – I(0) – R(0)                                                (12) 

 

where I(0) = 0 , R(0) = 0 and A(0) <<  1 

 

Let M = A+I then, 

 
𝑑𝑆(𝑡)

𝑑𝑡
=  −β ∗ S(t) ∗ 𝑀(𝑡)              (13) 

𝑑𝑀(𝑡)

𝑑𝑡
= β ∗ S(t) ∗ 𝑀(𝑡) − (γ) ∗ 𝑀(𝑡)             (14) 

𝑑𝐼(𝑡)

𝑑𝑡
=  δ ∗ 𝑀(𝑡) − (γ +  δ ) ∗ 𝐼(𝑡)                                      (15) 

 

Initially S(t) ∼ 1 when t very small So we can write 14 

equations as follows, 

 

𝑑𝑀(𝑡)

𝑑𝑡
∼ (β − γ) 𝑀(𝑡) 

 

So M(t) = M(0) exp[(β − γ)𝑡]                                             (16) 

 

Substituting 16 in 15 we get, 

 
𝑑𝐼(𝑡)

𝑑𝑡
=  δ ∗ M(0) ∗  exp[(β − γ)𝑡] − (γ +  δ ) ∗ 𝐼(𝑡), 

 I(0) = 0                                                                               (17) 

 

the solution of (17) as  

 

I(t) = 
δ

β + δ
[exp[(β − γ)t] – exp[−(γ + δ)t)]]                          (18) 

 

Let C = 
δ

β + δ
 

 

The equation (18) can be written as  

 

I(t) = C exp[(β − γ)t]{1 − exp[(β + δ)t]}                              (19) 

 

Take log on both in equation 19 we get 

 

ln I(t) = ln C + (β − γ) t + ln{1 − exp[(β + δ)t]}                   (20) 

 

From these equations we can estimate all three parameters.  

The block diagram of proposed SAIR-RGS model given in 

Fig. 2. 

Step 1: the proposed method initially collects daily covid 

cases from the Department of Health, medical and family 

welfare daily bulletin [31] from 1-2-2021 to 18-09-2021. This 

data contains the cumulative daily infections, active infections, 

cumulative recoveries, and deaths respectively.  

Step 2: Calculate seven days average value for each active 

infection. Let us say Iavg 

Step 3: To calculate model parameters i.e. β, δ and γ the 

proposed method uses following procedure 

 

 
Fig. 2.  Proposed SAIR-RGS model 

 

Estimating γ: 

The proposed method estimates the γ value from the two time 

series data i.e., daily active cases and cumulative recoveries 

provided by Department of Health, medical and family welfare 

daily bulletin, AP. 

From equation 5 we have 

 
𝑑𝑅(𝑡)

𝑑𝑡
=   γ ∗ 𝐼(𝑡) 

 

It can be written as 

 

        𝑅(𝑡 + 𝑇) − 𝑅(𝑡) =  γ ∗  ∫ 𝐼(𝑠)𝑑𝑠
𝑇

𝑡
        (21) 

 

   where T is fixed time width. 

 

Now generate two vectors { 𝑅(𝑡 + 𝑇) − 𝑅(𝑡)} and {I(t)} for 

various values of t using two time series data i.e., daily active 

infections and cumulative recoveries respectively provided by 

Department of Health, medical and family welfare AP [31].  

Finally, this paper estimates gamma value by fitting best line 

[45] passing through origin and through these vectors using 

equation 21. The slope of this line gives the gamma value. This 

paper considers T as 7 days. 

 

Estimating 𝛽 and δ: 

From equation 20 we can observe that I(.) is combination of 

growing and decaying exponentials. We can easily estimate β −
 γ by ignoring initial part. From the result we can estimate β 

with calculated  γ using equation 21. We can estimate β  + δ 

using residual term {1 − exp[(β + δ)t]}.   

When infection at maximum we have 
𝑑𝐼(𝑡)

𝑑𝑡
 = 0 

So, from equation (11) we can conclude that 
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 A(t) = 
γ

δ
 I(t)                                                                         (22) 

 

Since β >> δ estimating error in β  + δ may leads to error in 

calculating δ and ultimately leads to poor calculation of number 

of asymptomatic cases.  

The proposed method uses grid search method for estimating 

these parameters. 

The proposed algorithm uses the following range of values 

for each parameter 

 β in the range between 0.1 and 0.5 with 0.001 increment. 

δ in the range between 0.001 and 0.009 with 0.001 increment.  

The proposed model estimates these parameters in two 

phases. In first phase the proposed estimates the parameters in 

two digits after decimal using Algorithm 1. After that the 

proposed model estimates the third digit after decimal by 

extending calculated parameters in the first phase by 0.05 with 

increment 0.001 and by 0.0009 with increment 0.0001 

respectively for β and δ. (Algorithm – 2).  

 

Algorithm 1: Estimating each parameter two digits after 

decimal using proposed SAIR-RGS method 

Let β, δ and γ be transmission rate, symptomatic rate and 

infection rate respectively. Let β ∈ [ 0.1 0.5], δ ∈ [ 0.001 0.009] 

and γ be slope of the equation 2 using least square technique. 

Function CalculateTwoDigistAfterDecimal(β, δ, γ  ) 

  Begin: 

      For each value β in the range between 0.1 and 0.5 with 

increment value 0.01 

      Begin: 

         For each value δ in the range between 0.001 and 0.009 

with increment value 0.001 

               Solve differential equations 1 with parameter 

values (β, δ, γ) and using initial condition 1  

               Let (S, A, I, R) be the solution. 

               Calculate sum of squared distance between 

estimated I and Iavg 

          End For      

   End For 

    Let (β’, δ’) be the final set of values which having the 

minimum sum of squared distance with Iavg 

    return (β’, δ’) 

End Function 

 

Algorithm-2: Estimating each parameter third digit after 

decimal using proposed SAIR-GS method 

Let β’and δ’ be estimated transmission rate and symptomatic 

rate respectively from the Algorithm 1 and γ be slope of the 

equation 2 using least square technique 

Function CalculateThirdDigitAfterDecimal(β, δ, γ  ) 

  Begin: 

      For each value β in the range between β’ – 0.05 and β’ + 

0.05 with increment value as 0.001 

      Begin: 

         For each value ε in the range between δ’ – 0.0009 and 

δ’ + 0.0009 with increment value as 0.0001 

         Begin: 

               Solve differential equations 1 with parameter 

values (β, δ, γ) and using initial condition 1  

               Let (S , A , I, R) be the solution. 

               Calculate sum of squared distance between 

estimated I and Iavg 

          End For       

   End For 

    Let (β’’, δ’’) be the final set of values which having the 

minimum sum of squared distance with Iavg 

    return (β’’, δ’’) 

End Function 

 

Step 4: To estimate infectious period, number of 

asymptomatic infections and basic reproduction number the 

present model uses following formulas from the estimated 

model parameters β, ε and γ. 

            Infectious period = 1/ γ                                              (23) 

            Asymptomatic infections = ( γ / δ) * I                       (24) 

            Basic reproduction number (R0) = β/ γ                     (25) 

4. Results 

The present paper considered the daily covid information of 

all thirteen districts from 1-2-2-2021 to 30-9-2021[31]. Table 1 

shows the total number population [30], total infections, total 

recoveries and total deaths during this period and Table 2 shows 

the infected population percentage, total infected percentage, 

total recovery percentage all thirteen districts in AP and Fig 3 

shows the comparison of all districts. 

 
Table 1 

Total number of populations, infections, recoveries, and deaths of each 13 

districts of Andhra Pradesh 

District Name Population Infections Recoveries Deaths 

Anantapur 4424781 89970 89434 493 

Chittoor 4525520 157208 154566 1073 

East Godavari 5588288 167369 164727 646 

Guntur 5299367 100659 99389 545 

YSR Kadapa 2882469 59785 59389 176 

Krishna 4897763 68934 67285 707 

Kurnool 4394765 63204 62865 363 

Nellore 3213088 82807 80858 534 

Prakasam 3683513 75287 73324 517 

Srikakulam 2930716 76597 76061 437 

Visakhapatnam 4651857 96948 96280 558 

Vizianagaram 2541879 41645 41158 431 

West Godavari 4268459 83685 82389 561 

Total AP 91702478 1161203 1144830 7041 

 

The present SAIR-RGS model estimated that β as 0.207, δ as 

0.0028 and γ as 0.098 for the entire state AP. So average 

duration of infectious period as 10.16 days and average basic 

reproduction (R0) as 2.1 for total Andhra Pradesh during second 

wave i.e., from 1-2-2021 to 30-10-2021[31]. The proposed 

model estimated that ration between asymptomatic and 

symptomatic cases is 35.15. So totally 4,08,16,285 people were 

asymptomatic in this state. Table 3 and fig shows details of the 

proposed SAIR-RGS model. 
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Table 2 

Infected population percentage, infection percentage, recovery percentage 

and death percentage of all districts in AP 

District Name Infected 

Population 

% 

Infection 

% of total 

State 

Recovery 

% of total 

State 

Death % 

of total 

state 

Anantapur 2.03 7.75 7.81 7.0 

Chittoor 3.47 13.54 13.5 15.24 

East Godavari 2.99 14.41 14.39 9.17 

Guntur 1.9 8.67 8.68 7.74 

YSR Kadapa 2.07 5.15 5.19 2.5 

Krishna 1.41 5.94 5.88 10.04 

Kurnool 1.44 5.44 5.49 5.16 

Nellore 2.58 7.13 7.06 7.58 

Prakasam 2.04 6.48 6.4 7.34 

Srikakulam 2.66 6.6 6.64 6.21 

Visakhapatnam 2.08 8.35 8.41 7.93 

Vizianagaram 1.64 3.59 3.6 6.12 

West Godavari 1.96 7.21 7.2 7.97 

Total AP Cases 1.27 100 100 100 

 
Table 3 

Parameters table for Andhra Pradesh using SAIR-RGS model 

Parameter Value 

Contact rate(β) 0.207 

Infectious period (1/ γ) 10.16 days 

Asymptomatic rate (γ/ δ) 35.15 

Basic reproduction (R0) 2.1 

 

 
(a) 

 
                               (b)                                                     (c) 

Fig. 3.  Andhra Pradesh (a) Monthly wise cases, (b) daily confirms vs 

predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. Symptomatic 

cases 

 

Anantapur: Anantapur comes under Rayalaseema region in 

AP. As per [30] 89,970 (eighty-nine thousand nine hundred and 

seventy) people infected, 89434 (eighty-nine thousand four 

hundred and thirty-four) people recovered and 493 (four 

hundred and ninety-three) people died during second wave in 

this district respectively, nearly 2.03% people effected with the 

pandemic out of total population. The present SAIR-RGS 

method estimated that β as 0.302, δ as 0.008 and γ as 0.158. So 

average duration of infectious period as 6.34 days and average 

basic reproduction (R0) as 1.91. The proposed model estimated 

that ration between asymptomatic and symptomatic cases is 

19.73. So totally 1775108 people were asymptomatic in this 

district. Table 3 and fig shows details of the proposed SAIR-

RGS model. 

Chittoor: Chittoor is bordering district with Tamil Nādu 

state. Its population around 45 lacs [30].  In second wave 

1,57,208 (one lac fifty-seven thousand two hundred and eight) 

people infected with covid – 19 but 1,54,566 (one lac fifty-four 

thousand five hundred and sixty-six) (98.02%) people 

recovered as on 31st September. This district recorded highest 

number of deaths i.e., 1073 (one thousand and seventy-three) 

(15.24%) out of total deaths in AP.  

As per proposed model, 0.202, and 0.101 are contact rate and 

recovery rate respectively of this district during second wave. 

The infectious period of this district as 9.9 days and basic 

reproduction as 2.0. The proposed model estimated that ration 

between asymptomatic and symptomatic cases is 12.62. So 

totally 1775108 people were asymptomatic in this district. 

Table 5 and fig 5 shows details of the proposed SAIR-RGS 

model. 

 
Table 4 

Parameters table for Anantapur district using SAIR-RGS model 

Parameter Value 

Contact rate(β) 0.302 

Infectious period (1/ γ) 6.34 days 

Asymptomatic rate (γ/ δ) 19.73 

Basic reproduction (R0) 1.91 

 

 
(a) 

 
                               (b)                                                        (c) 

Fig. 4.  Anantapur (a) Monthly wise cases (b) daily confirms vs. predicted 

by proposed SAIR-RGS model, (c) Asymptomatic vs. Symptomatic cases. 

 
Table 5 

Parameters table for Chittoor district using SAIR-RGS model 

Parameter Value 

Contact rate(β) 0.202 

Infectious period (1/ γ) 9.91 days 

Asymptomatic rate (γ/ δ) 12.62 

Basic reproduction (R0) 2.0 

 

 



M. S. L. B. Subrahmanyam et al.                  International Journal of Research in Engineering, Science and Management, VOL. 4, NO. 10, OCTOBER 2021 11 

 
(a) 

 
                                (b)                                                    (c) 

Fig. 5.  Chittoor (a) Monthly wise cases, (b) daily confirms vs predicted by 

proposed SAIR-RGS model, (c) Asymptomatic vs Symptomatic cases 

 

East Godavari: East Godavari is one of highest number of 

populations out of 13 districts in AP. As per [30] its population 

nearly 55 lacs. From Andhra Pradesh official daily covid 

bulletin [31], 1,67,369 (one lac sixty-seven thousand three 

hundred and sixty-nine) people infected from Covid – 19 during 

second wave i.e., 2.99% people infected from this pandemic 

and 1,64,727 (one lac sixty-four thousand seven hundred and 

twenty-seven) people recovered from this as on 31st September.  
 

Table 6 

Parameters table for East Godavari district using SAIR-RGS model 

Parameter Value 

Contact rate(β) 0.21 

Infectious period (1/ γ) 11.9 days 

Asymptomatic rate (γ/ δ) 42.09 

Basic reproduction (R0) 2.49 

 

 
(a) 

 
                         (b)                                                  (c) 

Fig. 6.  East Godavari (a) Monthly wise cases, (b) daily confirms vs. 

predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. Symptomatic 

cases 

 

The proposed SAIR-RGS method estimated that β and γ as 

0.21 and 0.084 respectively. The average duration of infectious 

period (1/ γ) of this district as 11.9 days and average basic 

reproduction(R0) as 2.49. The proposed model estimated that 

ration between asymptomatic and symptomatic cases is 42.09. 

So totally 7044561 people were asymptomatic in this district. 

Table 6 and fig. 6 shows details of the proposed SAIR-RGS 

model. 

Guntur: Guntur is one of center located district in AP and 

bordering with Telangana state. According to [30] its 

population around 53 lacs. In this district totally 1,00,659 (one 

lakh six hundred and fifty-nine) people infected from covid 

during second wave. Nearly 8.67% people infected in this 

district out of total infections in the state of Andhra Pradesh. 

Out of total infections 99389 (ninety-nine thousand three 

hundred and eighty-nine) people recovered from covid. Only 

1.9% people infected out of total population in this district. 

  The present model estimated that β as 0.203, δ as 0.002 

and γ as 0.096. The average duration of infectious period (1/ γ) 

of this district as 10.38 days and average basic reproduction(R0) 

as 2.18. The proposed model estimated that ration between 

asymptomatic and symptomatic cases is 48.16. So totally 

4847737 people were asymptomatic in this district. Table 7 and 

fig. 7 shows details of the proposed SAIR-RGS model. 

 
Table 7 

Parameters table for Guntur district using SAIR-RGS model 

Parameter Value 

Contact rate (β) 0.203 

Infectious period (1/ γ) 10.38 days 

Asymptomatic rate (γ/ δ) 48.16 

Basic reproduction (R0) 2.18 

 

 
(a) 

 
                                 (b)                                                   (c) 

Fig. 7.  Guntur (a) Monthly wise cases, (b) daily confirms vs. predicted by 

proposed SAIR-RGS model, (c) Asymptomatic vs. Symptomatic cases 

 

YSR Kadapa: Kadapa is one of Rayalaseema district in AP. 

Its population nearly 29 lacs [30]. 59785 (fifty-nine thousand 

seven hundred and eighty-five), 59389 (fifty-nine thousand 

three hundred and eighty-nine) and 176(one hundred and 

seventy-six) are total number of infected, recovered and deaths 

people respectively in this district during second wave.  

The present model estimated that β as 0.281, δ as 0.0088 and 
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γ as 0.139 The average duration of infectious period (1/ γ) of 

this district as 7.19 days and average basic reproduction(R0) as 

2.01. The proposed model details are shown in Table 8 and Fig 

9. The proposed model estimated that ration between 

asymptomatic and symptomatic cases is 15.88. So totally 

949385 people were asymptomatic in this district. 

 
Table 7 

Parameters table for YSR Kadapa district using SAIR-RGS model 

Parameter Value 

Contact rate (β) 0.281 

Infectious period (1/ γ) 7.19 days 

Asymptomatic rate (γ/ δ) 15.88 

Basic reproduction (R0) 2.01 

 

 
(a) 

 
(b)                                                   (c) 

Fig. 7.  YSR Kadapa district (a) Monthly wise cases, (b) daily confirms vs. 

predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. Symptomatic 

cases 

 

Krishna: Krishna is one of border district with state of 

Telangana. Its population nearly about 49 lacs [30]. In this 

district 68934 (sixty-eight thousand nine hundred thirty-four) 

population effected with covid second wave. Totally 707 (seven 

hundred and seven) people lost their life during second wave.  

The present model estimated that β as 0.182, δ as 0.002 and 

γ as 0.076. The average duration of infectious period (1/ γ) of 

this district as 13.15 days and average basic reproduction(R0) 

as 2.39. Table 8 and Fig 8 shows the details of the proposed 

SAIR-RGS model. The proposed model estimated that ration 

between asymptomatic and symptomatic cases is 38.01. So 

totally 2620181 people were asymptomatic in this district.  

 
Table 8 

Parameters table for Krishna district using SAIR-RGS model 

Parameter Value 

Contact rate (β) 0.182 

Infectious period (1/ γ) 13.15 days 

Asymptomatic rate  (γ/ δ) 38.01 

Basic reproduction (R0) 2.39 

 

Kurnool: Kurnool comes under Rayalaseema district in AP. 

Its population around 44 lacs according to estimated population 

[30]. In this district 5.44% (63,204) effected with covid second 

wave out of total infections in the state of Andhra Pradesh. 

5.49% (62,865) people recovered out of total recoveries in AP. 

The present model estimated that β as 0.275, δ ε as 0.0088 

and γ as 0.134. The average duration of infectious period (1/ γ) 

of this district as 7.48 days and average basic reproduction(R0) 

as 2.06. Table 10 and Fig. 11 shows the details of the proposed 

SAIR-RGS of this district. The proposed model estimated that 

ration between asymptomatic and symptomatic cases is 15.2. 

So totally 960700 people were asymptomatic in this district. 

 

 
(a) 

 
                         (b)                                                     (c) 

Fig. 8.  Krishna district (a) Monthly wise cases, (b) daily confirms vs. 

predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. Symptomatic 

cases 

 
Table 9 

Parameters table for Kurnool district using SAIR-RGS model 

Parameter Value 

Contact rate (β) 0.275 

Infectious period (1/ γ) 7.48 days 

Asymptomatic rate (γ/ δ) 15.2 

Basic reproduction (R0) 2.06 

  

 
(a) 

 
(b)                                                      (c) 

Fig. 9.  Kurnool district (a) Monthly wise cases, (b) daily confirms vs. 

predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. Symptomatic 

cases 



M. S. L. B. Subrahmanyam et al.                  International Journal of Research in Engineering, Science and Management, VOL. 4, NO. 10, OCTOBER 2021 13 

Nellore: Nellore is one of southeastern coastal district of AP. 

Its population around 32 lacs. Totally 81,098(eighty-one 

thousand ninety-eight) people effected with covid during 

second wave and 82807 (eighty-two thousand eight hundred 

and seven) people recovered with percentage of 7.06 out of total 

recoveries in AP. But 534 people lost their life.  

The present model estimated that β as 0.209, δ as 0.0022 and 

γ as 0.072. The average duration of infectious period (1/ γ) of 

this district as 13.89 days and average basic reproduction(R0) 

as 2.9. The proposed model estimated that ration between 

asymptomatic and symptomatic cases is 32.74. So totally 

2711101 people were asymptomatic in this district. Table 10 

and fig 10 shows details of the proposed SAIR-RGS model.   

 
Table 10 

Parameters table for Nellore district using SAIR-RGS model 

Parameter Value 

Contact rate (β) 0.209 

Infectious period (1/ γ) 13.89 days 

Asymptomatic rate (γ/ δ) 32.74 

Basic reproduction (R0) 2.9 

 

 
(a) 

 
                               (b)                                                       (c) 

Fig. 10.  Nellore district (a) Monthly wise cases, (b) daily confirms vs. 

predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. Symptomatic 

cases 

 

Prakasam: Prakasam is third largest district in the state of 

AP. The estimated population in this district around nearly 37 

lacs [30] (according to 2021 estimation). During second wave 

75287 (seventy-five thousand two hundred and eighty-seven) 

people in this district effected with covid with percentage of 

6.48 out of total infections in AP. Only 2.04% people effected 

out of total population in this district.  

The present model estimated that β as 0.189, δ as 0.002 and 

γ as 0.056. The average duration of infectious period (1/ γ) of 

this district as 17.85 days and average basic reproduction(R0) 

as 3.37. More details shown in Table 12 and Fig 13. The 

proposed model estimated that ration between asymptomatic 

and symptomatic cases is 28.07. So totally 2113306 people 

were asymptomatic in this district. Table 11 and fig. 11 shows 

details of the proposed SAIR-RGS model.   

 

Table 11 

Parameters table for Prakasam district using SAIR-RGS model 

Parameter Value 

Contact rate (β) 0.189 

Infectious period (1/ γ) 17.85 days 

Asymptomatic rate (γ/ δ) 28.07 

Basic reproduction (R0) 3.37 

 

 
(a) 

 
                                 (b)                                                      (c) 

Fig. 11.  Prakasam district (a) Monthly wise cases, (b) daily confirms vs. 

predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. Symptomatic 

cases 

 

Srikakulam: Srikakulam is one of coastal region district out 

of 9 districts in AP. The population of this district around 29 

lacs according to estimated population 2021[30]. In this district 

totally 76597 (seventy-six thousand five hundred and ninety-

seven) people suffered from covid during second wave i.e., 

6.64% infections out of total infections and 437 people lost their 

life during second wave.  

The present model estimated that β as 0.237, δ as 0.0028 and 

γ as 0.092. The average duration of infectious period (1/ γ) of 

this district as 10.87 days and average basic reproduction(R0) 

as 2.57. Table 13 and Fig 14 shows results of proposed SAIR-

RGS model results. The proposed model estimated that ration 

between asymptomatic and symptomatic cases is 32.98. So 

totally 2526169 people were asymptomatic in this district. 

 
Table 12 

Parameters table for Srikakulam district using SAIR-RGS model 

Parameter Value 

Contact rate (β) 0.237 

Infectious period (1/ γ) 10.87 days 

Asymptomatic rate (γ/ δ) 32.98 

Basic reproduction (R0) 2.57 

 

 
(a) 
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                                (b)                                                     (c) 

Fig. 12.  Srikakulam district (a) Monthly wise cases, (b) daily confirms vs. 

predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. Symptomatic 

cases 

 

Visakhapatnam: Visakhapatnam comes under Uttar Andhra 

region coastal district in AP. Its population around 46 lacs [30]. 

It is economical capital AP. In second wave 96948 (ninety-six 

thousand nine hundred and forty-eight) people infected from 

covid. 96280 (ninety-six thousand two hundred and eighty) 

people recovered from this pandemic. 

 The present model estimated that β as 0.245, δ as 0.002 and 

γ as 0.099. The average duration of infectious period (1/ γ) of 

this district as 10.10 days and average basic reproduction(R0) 

as 2.47. Table 14 and Fig. 14 shows the details of proposed 

SAIR-RGS model. The proposed model estimated that ration 

between asymptomatic and symptomatic cases is 49.64. So 

totally 4812498 people were asymptomatic in this district. 

 
Table 13 

Parameters table for Visakhapatnam district using SAIR-RGS model 

Parameter Value 

Contact rate (β) 0.245 

Infectious period (1/ γ) 10.10 days 

Asymptomatic rate (γ/ δ) 49.64 

Basic reproduction (R0) 2.47 

 

 
(a) 

 
                               (b)                                                     (c) 

Fig. 13.  Visakhapatnam district (a) Monthly wise cases, (b) daily confirms 

vs. predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. 

Symptomatic cases 

 

Vizianagaram: Vizianagaram is one of coastal district out 13 

districts in AP. It is also bordering district of Orissa state. Its 

population around 25 lacs [30]. Totally 3.59% (41645) people 

infected with covid out of total infections in AP. 98.83% 

(41158) people recovered from this district.   

The present model estimated that β as 0.226, δ as 0.0028 and 

γ as 0.101 The average duration of infectious period (1/ γ) of 

this district as 9.94 days and average basic reproduction(R0) as 

2.25. Table 14 and Fig. 14 shows the details of the proposed 

SAIR-RGS model. The proposed model estimated that ration 

between asymptomatic and symptomatic cases is 35.95. So 

totally 1497137 people were asymptomatic in this district. 

 
Table 14 

Parameters table for Vizianagaram district using SAIR-RGS model 

Parameter Value 

Contact rate (β) 0.226 

Infectious period (1/ γ) 9.94 days 

Asymptomatic rate (γ/ δ) 35.95 

Basic reproduction (R0) 2.25 

 

 
(a) 

 
                             (b)                                                       (c) 

Fig. 14.  Vizianagaram district (a) Monthly wise cases, (b) daily confirms 

vs. predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. 

Symptomatic cases 

 

West Godavari: West Godavari is one of coastal district out 

of 13 districts in AP. Its population nearly 43 lacs according to 

estimated population in 2021 [31]. 83685 (eighty-three 

thousand six hundred and eighty-five) people infected from 

covid during second wave in this district. 98.45% (82389) 

people recovered in this district out of total recoveries in AP.  

The present model estimated that β as 0.218, ε as 0.0028 and 

γ as 0.098 The average duration of infectious period (1/ γ) of 

this district as 10.20 days and average basic reproduction(R0) 

as 2.22. More details about this district given in Table and Fig 

using proposed SAIR-RGS model. The proposed model 

estimated that ration between asymptomatic and symptomatic 

cases is 35.14. So totally 2940690 people were asymptomatic 

in this district. 

 
Table 15 

Parameters table for West Godavari district using SAIR-RGS model 

Parameter Value 

Contact rate (β) 0.218 

Infectious period (1/ γ) 10.20 days 

Asymptomatic rate (γ/ δ) 35.14 

Basic reproduction (R0) 2.22 

 

 

 



M. S. L. B. Subrahmanyam et al.                  International Journal of Research in Engineering, Science and Management, VOL. 4, NO. 10, OCTOBER 2021 15 

 
(a) 

 
(b)                                                       (c) 

Fig. 14.  West Godavari district (a) Monthly wise cases, (b) daily confirms 

vs. predicted by proposed SAIR-RGS model, (c) Asymptomatic vs. 

Symptomatic cases 

 
Table 16 

Parameters table for all districts using SAIR-RGS model 

District β δ γ σ γ/ δ 

Anantapur 0.302 0.008 0.158 1.91 19.73 

Chittoor 0.202 0.008 0.101 2.0 12.62 

East Godavari 0.186 0.0028 0.084 2.21 30.07 

Guntur 0.21 0.002 0.096 2.18 48.16 

YSR Kadapa 0.281 0.0088 0.14 2.01 15.88 

Krishna 0.182 0.002 0.076 2.39 38.01 

Kurnool 0.275 0.0088 0.134 2.06 15.2 

Nellore 0.209 0.0022 0.072 2.9 32.74 

Prakasam 0.189 0.002 0.056 3.37 28.07 

Srikakulam 0.237 0.0028 0.092 2.57 32.98 

Visakhapatnam 0.245 0.002 0.099 2.47 49.64 

Vizianagaram 0.226 0.0028 0.101 2.25 35.95 

West Godavari 0.218 0.0028 0.098 2.22 35.14 

AP 0.207 0.0028 0.098 2.1 35.15 

5. Discussion 

The proposed SAIR-RGS algorithm estimated that 35.5 

times more asymptomatic cases than actual symptomatic cases 

in the state Andhra Pradesh. The ratio between asymptomatic 

and symptomatic cases in Guntur, Krishna, Visakhapatnam and 

Vizianagaram are more than total Andhra Pradesh. But in 

remaining all districts ratio is less than entire Andhra Pradesh. 

In west Godavari district ration between asymptomatic and 

symptomatic almost equal to entire state. In Rayalaseema 

region districts Anantapur district estimated a greater number 

of asymptomatic infections compare to symptomatic cases than 

reaming three districts i.e., Chittoor, YSR Kadapa and Kurnool. 

But in YSR Kadapa and Kurnool the proposed model estimated 

almost same ratio. In both Godavari districts East Godavari 

estimated with less ratio compared to West Godavari. In Uttar 

Andhra region both Srikakulam and Vizianagaram districts 

estimated almost same ration than Visakhapatnam (49.64).  

Out of 13 districts the infectious period in Prakasam very 

high i.e., 17.82 days compare to remaining districts. That is the 

reason Prakasam district has a greater number of active cases 

even though a smaller number of infections (only 6.48%) 

compared to Chittoor (13.54%), East Godavari (14.41%) etc. 

The infectious period in Anantapur very less i.e., 6.34 days 

comparative to remaining all 12 districts. That is the reason in 

this district active infections very less i.e., only 77. Similarly in 

East Godavari, Krishna and Nellore recorded more active 

infections 2217, 1321 and 1637 respectively because of more 

infectious period than remaining districts. In Uttar Andhra 

districts Srikakulam estimated with highest infectious period 

(10.83 days) compared to remaining two districts.  

 

 
Fig. 15.  Asymptomatic rate of all districts of AP 

 

From experimental results we can observe that the basic 

reproduction number (R0) very high i.e., 3.37 in Prakasam 

district comparative to remaining all districts and Anantapur 

achieved very less i.e., 1.91 compared to remaining all districts. 

This number almost same in both Godavari districts and also in 

all Uttar Andhra region districts i.e., Srikakulam, Vizianagaram 

and Visakhapatnam. Except Anantapur remaining three 

Rayalaseema districts estimated almost same reproduction 

number.  The reason for this is, in Anantapur the infectious 

period very less compared to remaining three districts in this 

region. 

From the proposed modes we can observe that Anantapur, 

Kurnool, Srikakulam, Vizianagaram and Visakhapatnam 

district almost reached to normal situations.  So, no chances of 

third wave if continuous like this but we can expect third wave 

in these districts when new mutations or variations comes into 

picture. We can observe small deviation in the right tail of 

remaining districts. So strict implementation of covid protocols 

very necessary in these districts to stop entry into third wave. 

6. Conclusion 

In this paper we introduced SAIR-RGS model for analyzing 

Covid 19 trends with asymptomatic patents for all 13 districts 

of AP India. This model collected 13 districts daily covid 

information from 2nd February to 30th September 2021 from 

Department of Health and family daily bulletin. From this 

model we also estimated contact rate, infectious period, and 

basic reproduction number of all 13 districts of AP.  Th 

proposed model concludes that five districts i.e., Anantapur, 

Kurnool, Srikakulam, Vizianagaram and Visakhapatnam 

almost reached to normal situation but in remaining districts we 

need strict implementation of Covid protocols to reduce 

chances of third wave. 
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