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Abstract

On 30 January 2020 World Health Organization (WHO), declared the novel
corona virus as a Public Health Emergency of International Concern (PHEIC),
COVID-19 virus as an epidemic transmitted virus. It was on 31 December
2019, the WHO China Country office was informed the cases of pneumonia
unknown etiology detected in Wuhan city, Hubei Province of China. Just af-
ter WHO’s declaration, Ethiopia has taken different measures to protect from
this public health emergency problem. The disease is human to human trans-
mitted virus. It comes from outside of the country, so that it opens check
points in different entrance of the country. However, in 13 March 2020 the
first positive case was reported from Japanese man. The virus is continuing
the transmission in the public progressively more. While this research has
been working, within 90 days from the first case, the country reported 2506
positive cases, 35 deaths. The research has done after collecting the first 90
days of data in Ethiopian case. Daily report announced by Ethiopian MoH is
based on the test. And hence, the reported data as positive cases with COVID-
19 is not actual positive case data in the country. There for, this paper has
contribution for planning and taking further measure on the viruses by de-
monstrating the next 90 days predictive data. I use best curve fitting analysis
using python function of the module polyfit algorithm to predict the trend of
COVID-19 cases in Ethiopia.
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1. Introduction

COVID-19 is an Epidemic viruses, it spreads all over the world with short period
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of time. The first symptom was seen on 31 December 2019 [1] [2] [3], and re-
ported the case in Wuhan, China [1]. After the first cases outside of China re-
ported in Thailand on 13 January 2020 [1]. On 30 January 2020 World Health
Organization, (WHO) announced as COVID-19 is an outbreak disease [3] [4]
[5]. Within three months of time over 82 thousand cases has been reported as
COVID-19 positive, of this more than 3000, (4.03%) were dead from total re-
ported cases, which is 0.0002% from the total population of China [6] [7]. For
the first thirty day, there were 5994 cases, 132 deaths, (2.20% from total of cases).
For the second thirty days, or after sixty days, the number of cases reported in
China increased to 78,927 and of this 2790 were dead, which is 3.53% of the total
case [8] [9]. For the third thirty days, the total number cases become 82,059. See
Table 1 for USA, Italy and Ethiopia cases.

As we have seen in Table 1, the virus spreading speed is significantly varies.
Based on one country status report, we cannot predict what will happen in our
country with equal time interval. There has to be strict further research why the
virus spreading speed is notably varies, in addition to those controlling mechan-
isms suggested by WHO.

In the case of Ethiopia also the spreading speed is different. So that need pre-
dictable research for the next 180 days or 365 days, based on its own reported
data, instead of predicting based on other countries report. This predication data
helps the government to plan for controlling and taking measure on the virus.

In Ethiopia the first case was reported on 13 March 2020, after 73 days of the
first world case was reported [7] [8] [10]. Since WHO declared as COVID-19 is
an epidemic virus, the government of Ethiopia and Ministry of health has done a
lot of constructive and progressive works for controlling the virus from entering
to Ethiopia [11] [12]. This work enables to create awareness all over the nation
about the virus. This has great impact to reduce the spread of the virus. Dated as
of 27 March 2020 Ethiopia reported a total of 12 cases, all are imported [6]. After

Table 1. COVID-19 Cases reported in different countries with time interval.

Country Days T.C T.D T.D/T.Cin %
China 30 5994 132 2.2
60 78,927 2790 3.53
90 82,059 3304 4.03
USA 30 15 0
60 14,250 150 1.05
72 189,618 4079 2.15
Italy 30 888 21 2.36
60 97,689 10,781 11.04
Ethiopia 30 69 3 4.5
60 250 5 2.0
90 2506 35 1.4
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the first case in Ethiopia reported the number of transmission rate is very less for
about the first 50 days, relative to other world cases [11] [12] [13].

There were 145 total cases reported as COVID-19 positive with in fifty four
days, 0.58% total cases from total test. However after this day on wards the sprea-
ding speed becomes up. Just after 6 days, the number of total case becomes 250
from 145 and 0.68% of cases from total test. Total recover 105, hospitalized 138
and death 5 in number were reported with in sixty days. From Table 2, we have
seen that the transmission rate becomes high. This paper raises a question, where
goes the COVID-19 cases within 180 days in Ethiopia?

Curve fitting is a mathematical technique which involves the solution of mul-
tiple equations [14], for the analysis and prediction purpose. To predict the trans-
mission of the virus within the next ninety day, I use best fit curve analysis using
python code. Based on the first ninety days of data, this paper illustrates, how vary
the transmission of the virus in the population for the next ninety days? What will
be the number of infected population with corona virus at the end of 180 days?

The paper gives good estimated prediction of the number of population that
has the virus, so that MoH and Ethiopian Government can use this for initial
source document to take measure on the virus, and for researchers also it can be

good resource to have initial value for further data analysis.

2. Curve Fitting Analysis

Curve fitting is a procedure for creating a curve that built up from a series of da-
ta points having best fit. It can involve either interpolation, to get exact fit to the
data, or smooth that construct approximately fits the data. For data visualization
we can use fitted curves by inferring values of a function, where no data are
available. For constructing fitted curve to determine the values beyond the range
of the observed data, we call it Extrapolation; this is subjected to a degree of un-
certainty [15] [16].

In regression analysis, to get the best fit to the specific curves in the data set
we use curve fitting as a process for specifying the model. We can fit curves us-
ing linear regression, usually include in polynomial terms in the linear model.
These terms are independent variables that we raise to a power.

The method of least square is a standard approach in regression analysis to

approximate the solution of over determined systems, by minimizing the sum of

Table 2. Ethiopian COVID-19 Status with time interval.

Days T.C T.C/T.T T.R T.R/T.C T.H T.H/T.C T.D T.D/T.C

30 69 2.17% 10 14.49% 54 78.26% 3 4.30%
54 145 0.58% 91 62.76% 48 33.10% 4 2.76%
60 250 0.68% 105 42.00% 138 55.20% 5 2.00%
80 1172 1.00% 209 17.83% 950 81.06% 11 0.94%
90 2506 1.58% *401 16.00% 2068 82.52% 35 1.40%
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the squares of the residuals made in the results of every single equation. The
most important application that we used is in data fitting. The best fit in the
least-squares senses minimizes the sum of squared residuals. Polynomial least
squares describe the variance in a prediction of the dependent variable as a func-
tion of the dependent variable and the deviation from the fitted curve [16] [17].
Polynomial fit a commonly used linear form is a polynomial, if the degree of
the polynomial is n, then we have f(x)=)'ax' where the base functions are
f; (x) =x'" (i=0, 1, ..., n). In the module of the function polyfit setup and solve
the normal equations for the coefficient of a polynomials [18]. The normal equa-
tions are solved by Gaussian Elimination with pivoting [19]. For this paper I
choose directly to use python program polyfit module. On this module, and
since in curve fitting low-order polynomial are useful, I used for analysis pur-

pose 4™ order polynomial.

General Curve Fitting and Least Square

Curve fitting is the process of constructing a curve to mathematical function that
has the best fit to a series of data points. In numerical analysis the classical Runge
Kutta methods (RK4) with initial value problem is defined [14].

It is a family of implicit and explicit iterative methods which includes a well-
known Euler Methods. The function f and the ICV to y, are defined in mathe-
matical formulation [14].

Least Square is a form of mathematical regression analysis used to determin-
ing the limit of best fit for a set of data. LS method provides the overall rationale
for the placement of the limit of best fit among the data point being studied. It is
the smallest sum of squares called variance. For calculating the Least squares,
first find the real )(#): y,(¢) and predicted ®(#): y, (). The error e is given by
Y, (t)—yp (t)| Then find sum of the square of e. If the value of R-square

e =
(R?) is a number between zero and one, then the predicted value is more accu-

rate. R? is closer to one, then the predicted value is more accurate.

3. COVID-19 in the Case of Ethiopia
3.1. Analytical Result

The first case reported in Ethiopia was on 13% March, 2020 [11] [12]. Just when
one Japanese man has the virus, MoH and Ethiopian Government has imme-
diately taken action on this patient, his friends and co-workers who are suspect
to be infectious with the virus. In the first 30 days from the total test of 3,178
there was 69 cases has been reported as positive. With the first one month regis-
tered dead is 3, 10 recovered and 54 were in hospitalized. See Table 3.

From Table 1, the first 30 days only 69 cases were reported from 3178 tests.
Which is 2.17% from this number 14.49% were recovered and 78.26% hospitalized
and 4.35% death was reported. For the second 30 days the number of testes in-
creased from 3178 to 36,606, which is 33,428 testes, has been done with one

month. From this number 181 new cases reported which is 0.54% from the test.
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As we have seen in Table 4, after the second month, with in fifteen days,
50,658 tests have been done which is 58.05% of the total test 87,264. This is great
change in testing capacity of the ministry. In the second month, there was a dec-
lination of reporting positive cases. On the first month 2.17% are reporting as
positive case, where as the second month reduce to 0.68% from the total test and
0.54% within the second month. The third month at 75 days reported case in-
creases from 0.68% to 0.80% and within 15 days 0.89% of the tests reported as
positive cases. This may show that, it is the time the virus spreading highly in the
population. Not only this, the next fifteen days of the third month, there are 71,257
tests has been done, from this 1805 reported as positive cases. This is 2.53% of the
test. Generally within 90 days, (end of three months), total of 158,521 tests has
been done and 2506 cases reported as positive. This is 1.58% of the total test.

This is a signal for the government, MoH and for the nation to work more on
the protection of the virus.

At the end of 90 day from the day where the first case reported, there are 2506
cases reported, 16% of the case recovered, 82.52% in hospital and 1.40% of the
total case dead.

In the ninths day averagely, from total test 1.72% case reported as positive,
20.67% recovered, 75.56% in hospital and 1.61% dead from the total cases.

From Figure 1, the recovered rate is increased and hospitalized rate is de-

crease. Which is the number of population infected by the virus were decreases

Table 3. COVID-19 Cases in Ethiopia in number.

Days T.T T.C T.R T.H T.D
30t 3178 69 10 54 3
60 36,606 250 105 138 5

Differ 33,428 181 95 84 2

75%h 87,264 701 167 526 6
50,658 451 62 388 1

90 158,521 2506 401 2068 35
71,257 1805 234 1542 29

Table 4. COVID-19 In Ethiopian Case in percent.

Days T.T T.C/T.T% T.R/T.Cin% T.H/T.Cin% T.D/T.Cin%
30t 3178 2.17 14.49 78.26 4.35
(31 - 60) 33,428 0.54 52.49 46.41 1.10
60 36,606 0.68 42.00 55.20 2.00
(61 -75) 50,658 0.89 13.75 86.03 0.22
75t 87,264 0.80 23.82 75.04 0.86
(76 - 90) 71,257 2.53 12.96 85.43 1.61
90t 158,521 1.58 16.00 82.52 1.40
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until fifty third day of the first report was registered. The death rate is almost
constant. But after fifty third days it comes the reverse, hospitalized rate was in-

crease and recover rate was decrease dramatically.

3.2. Curve Fitting and Least Square Analysis Result
from Python Polyfit Code

After taking the first ninety day data, I am working the curve fit analysis. I used
and prefer the python Polyfit algorithm, with polynomial degree 4. For compar-
ison purpose I tested with MS-Excel Trend line, it has R* = 0.99 for total cases.
This determines the accuracy is very good. Also it has the same equation with
equal coefficient with my python code result. Figure 2 and Figure 3, the graphs
generated from collected data and predicted with curve fitting. As I have said,
above since it has R? = 0.99, the closer to one the more accurate the prediction.

From Figures 2-4 showed that, the prediction value is almost the same as the
real data. To visualize more the difference see Figure 4. In 90th day, 1.72% of
total test, 20.67% of total cases and 1.61% of total cases averagely reported as
positive case, recovered and dead accordingly, see Table 5. The data is shown in

Table 5. Average percent cases, recovered and hospitalize within 90 days.

# Days T.T T.C/TTin% TR/T.Cin% TH/TCin% T.D/T.Cin%
30t 3178 3.15 3.25 91.32 0.98
60" 36,606 2.12 18.30 76.83 1.81
75t 87,264 1.83 21.25 74.50 1.73
9ot 158,521 1.72 20.67 75.56 1.61

Real COVID-19 Status rate in Ethiopia

——Recover per Total Cases
——Cases at Hospital per Total Cases

——Death per Total Case

,\/\

1 4 7 101316 1922 2528 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88

No of population

Figure 1. Recovered, hospitalized and dead population in percent with COVID-19 in Ethiopia for the last 90 days.
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Real data, COVID-19 status in Ethiopia for the first 90 days
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Figure 2. 90 days COVID-19 total cases, new cases, hospitalized, recovered and death status in Ethiopia with actual data.

COVID-19 predicted Status for 90 days
predicted Cases, Recover, Hospitalized, New and death

3000
2500
2000
é 1500 ——Estimated Total Cases
g ———Estimated New Cases
Q
g ——Estimated Recovered Cases
§ 1000 ——Estimated at Hospital Cases
——Estimated Total Death
500
0 — — =
1357 911131517192123252729313335373941434547495153555759616365676971737577798183858789
-500

No of Days

Figure 3. 90 days COVID-19 total cases, new cases, and hospitalized, recovered and dead status in Ethiopia with predicted data.

Table 6 as real data and Table 7 the predicated values.

Based on the first 90 days data, using best fit case analysis, the status of COVID-
19 for the second 90 days in Ethiopia is shown in the Table 8 and Table 9.

From Figure 5 and Table 8 and Table 9, the number of total case increase
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COVID-19 Status in Ethiopia for 90 Days
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Figure 4. 90 days COVID-19 total cases, new, hospitalized, recovered and dead status in Ethiopia with real and predicted data.

Table 6. Real data from day 71 to 90.

Day T.C N.C T.R T.H T.D
71 433 34 128 298 5
72 494 61 151 336
73 582 88 152 423 5
74 655 73 159 489 5
75 701 46 167 526 6
76 731 30 181 542 6
77 831 100 191 631 7
78 968 137 197 761 8
79 1063 95 208 845 8
80 1172 109 209 950 11
81 1257 85 217 1026 12
82 1344 87 231 1097 14
83 1486 142 246 1221 17
84 1636 150 250 1366 18
85 1805 169 262 1522 19
86 1934 129 281 1631 20
87 2020 86 344 1647 27
88 2146 126 361 1756 27
89 2336 190 379 1923 32
90 2506 170 401 2068 35
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Table 7. Predicted data from day 71 to 90%.

Days T.C N.C T.R T.H T.D
71 508 46 142 359 5
72 558 50 149 401 5
73 612 54 156 448 6
74 672 59 164 499 7
75 736 64 172 555 7
76 807 69 181 615 8
77 882 74 190 681 9
78 964 80 200 752 10
79 1052 86 211 828 11
80 1147 93 222 910 12
81 1248 99 234 999 14
82 1357 106 246 1093 15
83 1473 114 259 1195 17
84 1597 122 273 1303 18
85 1729 130 288 1418 20
86 1870 138 304 1542 22
87 2019 147 320 1672 24
88 2178 157 337 1812 27
89 2346 166 356 1959 29
90 2524 176 375 2115 32

Table 8. Predicted data from 91 to 110t day.

Days T.C N.C T.R T.H T.D
91 2713 187 395 2281 35
92 2912 198 416 2456 38
93 3123 209 439 2641 41
94 3345 221 462 2835 45
95 3578 234 487 3041 49
96 3824 247 513 3257 53
97 4083 260 540 3484 57
98 4355 274 568 3723 61
99 4640 288 598 3974 66
100 4940 303 629 4238 71
101 5254 319 662 4514 77
102 5582 335 696 4803 82
103 5926 351 732 5105 88
104 6286 368 769 5422 94
105 6662 386 808 5752 101
106 7055 404 848 6098 108
107 7465 423 891 6458 115
108 7893 443 935 6835 122
109 8339 463 981 7227 130
110 8803 484 1028 7635 139
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Table 9. Predicted data from the 161" to 180 day.

Days T.C N.C T.R T.H T.D
161 71,077 2762 7457 62,285 1362
162 73,366 2838 7695 64,291 1409
163 75,710 2915 7939 66,344 1456
164 78,110 2994 8189 68,446 1505
165 80,565 3075 8444 70,597 1556
166 83,078 3157 8706 72,798 1607
167 85,650 3241 8974 75,050 1660
168 88,280 3326 9249 77,353 1714
169 90,970 3413 9529 79,709 1769
170 93,721 3501 9817 82,117 1826
171 96,533 3592 10,110 84,580 1884
172 99,408 3684 10,411 87,097 1943
173 102,347 3777 10,718 89,669 2004
174 105,350 3873 11,032 92,298 2066
175 108,419 3970 11,353 94,984 2129
176 111,554 4069 11,681 97,728 2194
177 114,756 4170 12,016 100,530 2261
178 118,026 4272 12,359 103,392 2329
179 121,365 4377 12,709 106,314 2398
180 124,775 4483 13,066 109,297 2469

COVID-19 predicted Status in Ethiopia for 180 days
predicted Cases, Hospitlized, Recovered, New, and death

140000
120000
100000
80000
% ——Estimated Total Cases
g ——Estimated New Cases
2
& 60000 ——Estimated Recovered Cases
8 —— Estimated at Hospital Cases
2
40000 ——Estimated Total Death
20000

149
153
157
161
165
169
173
177

TOWOONTOUOONTOOOODONTOODONTOLOONTLOOOMIN —
NANNOOTTTODOOOMNNMNOWODOVWODODOOO ——ANANNMM I
T T T T T T T e e e

-20000 No of Days

Figure 5. COVID-19 Status in Ethiopia for the Next 180 days.
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from 2524 on 90 day to 124,775 on the day of 180%™, The death is increase from
32 on 90™ day to 2469 on the day of 180™. The rate of death with the total case
was, during 90" day 1.61% averagely, whereas from Table 10 1.98% of the total
case will pass away.

4. Best Curve Fitting Analysis

From the data that I have in Table 8 and Table 9, the total number of positive
COVID-19 virus case would be around 124,775 on 180* day, (after six months of
the first case reported in Ethiopia). From these positive cases, 13,066 recovered,
109,297 in hospital and 2469 patients will die. When we put this in percent, see
Table 10.

From Table 4 the percent of recover to the total case is 16%, hospitalize
82.53% and death rate is 1.4% within 90 days from the total reported cases. Here
in the prediction data accordingly, 14.86% rate of total recover, 83.80% total
hospitalizes and 1.27% total death from the total of reporting cases.

From the Figure 6 from actual reported data and Figure 7 from estimated
data, daily reported positive case is highly oscillated, between 0.001 and 0.14 for
the first 20 days. This is probably; the test was taken from already highly exposed
populations. Then after it becomes, in stable format between 0.005 and 0.02 up
to 75% day, then it increase the rate to 0.04 while the rate of total case with total
test is below 0.02. Table 8 and Table 9 the total number of patient in hospital
decreases while the recovery rate increase for about the first 55 days, and then
the rate of hospitalized is increase dramatically. At 90th day almost more than
80% of the cases are in hospital and the recovery rate is less than 20.

From Figure 8 using actual reported data and Figure 9 using predicted data,
the upper curve shows the rate of hospitalized cases. At the beginning it was al-
most the rate is one. Which is almost all of patients are in hospital, after ten days
slowly decrease until fifty five days or when the time near to fifty five days from
1 to 0.55 or below to 0.6, and then it increases with in the next 35 days the rate is
above 0.8. This implies that the number of reporting cases as positive COVID-19
is increased. In the ninetieth day 85% of reported positive case patients are hos-
pitalized. The bottom curve shows recovered rate. As shown In Figure 8 and
Figure 9, after 60 day the recovered rate is decreased from 0.4 to below 0.2 or

near to 0.14. Which means in the ninetieth day the total recovered population is

Table 10. Predicted cases in number and in percent.

Population in number In Percent
Days
T.C T.R T.H T.D TR/TC% TH/TC% T.D/T.C%
90t 2524 375 2115 32 14.86 83.80 1.27
120%™ 14,592 1622 12,725 245 11.11 87.21 1.68
150" 49,264 5193 43,165 921 10.54 87.62 1.87
180" 124,775 13,066 109,297 2469 10.47 87.60 1.98
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Real COVID-19 status rate in Ethiopia
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Figure 6. 90 days COVID-19,total case, daily new case and death status rate in Ethiopia

Predicted COVID-19 Status rate in Ethiopia
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Figure 7. 90 days estimated COVID-19 total case, daily new case and death status rate in Ethiopia.
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Real data COVID-19 Status rate in Ethiopi
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Figure 8. 90 days COVID-19 Recover and Hospital cases status rate in Ethiopia with real reported cases.

Predicted COVID-19 status rate in Ethiopia
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Figure 9. 90 days Estimated COVID-19 Recover and Hospital case rate in Ethiopia with predicted data.

almost 14% of the total reported cases.
Based on the data from which we have get after executing the python code

generating ployfit curve as shown in Figures 10-12. The figure shows that, the
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Predicted COVID-19 Status rate in Ethiopia
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Figure 10. 180 days predicted COVID-19 Status rate in Ethiopia.
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Figure 11. 180 days predicted COVID-19 total case, daily new and death Status rate in Ethiopia.
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Figure 12. 180 days predicted COVID-19 Status rate in Ethiopia.

rate of total case, new daily case, recovery and death all are more than 1. Which
means the rate of testing with the rate of the spread of the virus is incompatible.
The virus transmitted in to the population faster than the capacity of testing the
case. Even the recovery rate is very high, without knowing or testing the virus,

already the patients recover from the disease, or dead.

5. Conclusions

Based on the analysis, Ethiopia will have positive cases in 180 days, 124,775. This
data is predicted from the data that we collected within 90 days, from total tested
population around 158,521. From this number 2506 cases were reported as posi-
tive with the virus, which is 1.58% of the total case, (1.72% as an average). Ethio-
pian Government and MoH announced that working for more than 8000 testes
per day. For this analysis, assume number of testing is 5000 per day, within 90
days there are 400,000 new testes. The total number of testes within 180 days
becomes 558,521. From this data, if averagely 1.72% is positive, then within 180
days around 9907 total cases will be reported. Based on Table 4 within the days
76 to 90 the rate of cases per test is 2.53%. When considering this percent, around
14,131 cases will be reported. The question is why the prediction number is very
high? This is near to 124,775 cases to be report as positive in COVID-19. From
the rate of cases per test, to get this result, (124,775), MoH should at least test 4.9
Million exposed populations. This number is just 4.4% of the total population,
(Consider Ethiopian population 110 Million). To test the above number of pop-
ulation, 54 thousand per day has to be tested. From the result of the paper, we
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can deduce that

The number of testing per day is very low when we compare to the transmis-
sion rate of the virus, see Table 3. From day 60 to 75 and day 76 to 90 the
rate of reported case is increasing tremendously.

From the predicted data we have see that, new cases and total cases that will

be reported goes parallel.
In the result of this paper, rate of total case = % >1. This means there are

COVID-19 positive cases which are not traced by testing.

The number of population that has COID-19 positive case in Ethiopia not
only the number that is reported daily. The daily report data could be sample,
not actual data.

The testing rate and the transmission rate of the virus are incomparable.

As we have seen in the result, within 180 days the number of positive cases
will be around 124,775, to get this result based on the case per test ratio.
MoH has to test around five million exposed populations.

However, if we continuing the time by extending for example to 365 days,
(one year), the transmission rate become declines sometime. Need further
research to find the pick point, and stability time.

This research is an input for further research, to investigate and predict the
number of population that will be catch by the virus.

Finally Ethiopian Government, MoH and EPHI, Ethiopian Medias more of
the community has to work more to reduce the transmission rate of the virus.
The distribution of the virus is not only as declared in number with news.
The number that is declared daily is based on the daily test. To know more
the number of populations those are infected by the virus, there has to be de-
tail research and the sampling techniques also not regional, it has to be with

in small area level.
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Nomenclature

Acronyms Descriptions

WHO World Health Organization

T.C Total Reported Cases

T.T Total COVID-19 Laboratory Test

T.H Total Hospitalized cases

T.R Total Recover

T.D Total Death by the Case of COVID-19

N.C New Case Reported per Day

MoH Ethiopian Ministry of Health

PHI Ethiopian Public Health Institute

R-Square Regression Square

ICV Initial Curve Value
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