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Abstract During a pandemic outbreak, it is impor-
tant for health officials to know the proportions of
deaths among infected individuals and to understand
how these proportions change overtime, to accurately
predict the impact of the pandemic and to implement
effectively new intervention policies and health pro-
tocols and to adjust them accordingly. However, most
studies where efforts have been made to estimate
accurately the case fatality rates did not address the
issue of measuring the dynamics of the pandemic
deadliness during its course. Daily data on COVID-
19 cases and deaths were collected from selected
MENA countries. In this paper, two new measures
of the pandemic fatality are developed based on the
estimated time it takes hospitalized infected patients
to eventually die from the disease. The first meas-
ure assigns COVID-19 deaths to its most significant
lagged number of cases based on a fixed-effects panel
data model. The second fatality measure relates pan-
demic deaths and cases based on their respective
change points. The results find notable variations of
the pandemic lethality between the Middle East coun-
tries, likely due to the difference in the quality of
health care. Although crude case-fatality rate does not
identify the pandemic lethality variations during the
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ongoing of the disease, this paper develops two novel
measures for COVID-19 case fatality which can iden-
tify the dynamics and the variations of the pandemic
deadliness.
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Introduction

It is worth noticing that some countries in the Mid-
dle East region were among the first outside China
to be hit by the coronavirus pandemic, as indicated
by World Health Organization official statistics
(WHO, 2020). For instances, Iran had its first infec-
tion cases in February 2020, and as of February 2022,
the Iranian government had reported nearly 135,500
COVID-19 related deaths, although it is suggested
that the true number may be even higher. In Turkey,
as of February 2022, statistics show more than 13
million people have been infected and nearly 93,000
are dead due to the pandemic. Other countries of the
region were perhaps spared from the worst of the
pandemic in the first few months, but their numbers
of cases and deaths rose sharply after summer 2020.
In almost 2 years into the pandemic the infection
and death counts are still staggering as reported in
Table 1.

Scholars who investigated the coronavirus out-
break situation in the Middle East region include
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Table 1 COVID-19

. Countries Cases Deaths Infection rate  Death rate (%)

.cumulatlye cases and deaths (%)

in the Middle East (as of

2022-02-23) Algeria 264,365 6812 0.29 0.008
Bahrain 498,637 1442 11.8 0.043
Egypt 473,449 23,857 0.24 0.015
Iran 6,983,635 135,499 3.29 0.092
Iraq 2,294,929 24,897 2.87 0.040
Israel 3,576,916 10,038 9.27 0.070
Kuwait 615,397 2531 6.84 0.040
Lebanon 1,053,252 10,007 7.80 0.110
Libya 488,567 6210 2.67 0.046
Morocco 1,159,584 15,922 1.41 0.025
Oman 377,948 4238 4.09 0.043
Palestine 638,000 5439 6.48 0.073
Qatar 355,032 662 7.50 0.018
Saudi Arabia 741,237 8987 1.26 0.021
Syria 53,912 3056 0.14 0.010
Tunisia 988,329 27,512 2.78 0.100
Turkey 13,675,581 92,990 6.09 0.053
United Arab Emirates 875,884 4569 5.53 0.017

Mohammad-Ebrahimi et al. (2021) who studied the
epidemiologic characteristics of COVID-19 cases in
north-eastern Iran through mapping the spatiotem-
poral trend of the disease. Also, Mohammadi et al.
(2021) measured potential spatial access to COVID-
19 vaccination centers in a large Iranian city.

Reports and published statistics showed that
COVID-19 cases and deaths were still increasing
until the summer of 2021 and only recently with more
people being vaccinated those official statistics show
a notable decrease in the number of deaths and in the
number of people being hospitalized to the coronavi-
rus pandemic. In addition, the statistics presented in
Table 1 point to a high variation of pandemic fatal-
ity among MENA countries. But perhaps what is
most important to notice is that some countries with
high infection rates like Bahrain, Israel, Kuwait, and
the United Arab Emirates (Khedhiri, 2021a) have the
smallest death rates which imply that the coronavi-
rus was less lethal in these countries. On the oppo-
site side, statistics suggest that countries like Iran
and Tunisia (Khedhiri, 2021b) with relatively smaller
infection rates have higher death rates. This simple
remark points to an important question about the
accuracy of the traditional crude case-fatality rate in
describing the pandemic lethality and its dynamics.
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To develop more informative pandemic case-
fatality measures, this study looks at similar trends
between infection and death counts and introduces
dynamic measures of COVID-19 case-fatality. These
measures yield a comprehensive description of poten-
tial changes in the lethality of the pandemic during its
course. The methods are illustrated with an empirical
investigation of COVID-19 cases and deaths in the
Middle East and North Africa countries in the follow-
ing sections.

Methods and materials
CFR literature review

Crude CFR is defined as a percentage or a ratio to
measure the number of confirmed deaths among the
number of confirmed diagnosed cases of a particular
disease at a given time. As argued by Shabir (2020),
crude CFR heavily relies on confirmed cases and
deaths and thus may not accurately reflect the total
picture within the population due to unreported cases
and subsequent deaths. In addition, this measure can
vary considerably for the same disease across differ-
ent cities and countries since much of this can depend
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on the population’s characteristics — such as average
age, as well as access to robust and free healthcare
systems, levels of previous immunity (vaccinations),
and treatment strategies. One notable limitation of
crude CFR as described by Shabir (2020) comes from
the fact that it is unlikely that all cases or deaths due
to a widespread disease will be detected or correctly
designated. Delays in recordings of deaths and cases
can also skew CFR. Another issue with the standard
crude CFR may be explained by the factor of under-
estimation and the duration of time from symptom
tod death (Shim, 2021). Fan et al. (2021) attempted to
identify the dynamics of COVID-19 case-fatality rate
by comparing this measure between two waves. This
paper contributes to the literature by providing a more
general method to identify possible changes of case-
fatality variations and changes during the pandemic.
It is important to measure accurately the case
fatality rate of COVID-19 because efficient interven-
tion policies such as testing, self-isolation, lockdown
and health protocols depend on it. Often, estimates
of case-fatality and infection-fatality rates (IFR) are
biased (Li et al., 2020; Basu, 2020) since the exact
level of transmission may be underestimated either
because many infected individuals do not show symp-
toms or because testing may not be available to eve-
ryone who needs it. Also, there are issues with find-
ing credible statistical estimation of CFR which is
the proportion of deaths among identified confirmed
cases. This can only be obtained after all cases have
been resolved. Thus, when the pandemic is still
spreading, the crude CFR estimate does not inform
about the dynamics and the variations of the deadli-
ness of the disease and the efficiency of health pro-
tocols. Several studies showed that researchers and
epidemiologists have attempted to find better esti-
mates of case-fatality rates. For instance, in a recent
study Yalaman et al. (2021) used regression analysis
to estimate CFR based on testing policy variables,
healthcare system capabilities and country character-
istics, and Park et al. (2021) analyzed the associations
between case-fatality ratio and factors related to the
quality of care in hospitals in Korea. Also, Kim et al.
(2020) estimated case fatality rate of the coronavi-
rus for several countries and asked for caution when
it comes to the interpretation of these estimates, and
Abdollahi et al. (2020) referred to daily incidence of
COVID-19 cases and deaths in Canada and the US to
adjust for potential biases in estimating crude CFR. In

Table 2, estimated crude CFR of COVID-19 for the
MENA countries are reported.

To present a full assessment of the dynamics of
pandemic lethality, we need clinical data on patients
and information and admission and release dates and
dated hospitalization and deaths for the symptomatic
patients who were admitted in the hospital. This
information is either hard to obtain or is not reliable
especially for countries where the public health sys-
tem is still developing. Thus, one objective of this
paper is to correctly assign COVID-19 deaths when
they are detected without the use of patients’ personal
health records. This study suggests computing multi-
ple case-fatality rates which depend on similar infec-
tion and death trends of the pandemic. Two methods
are developed in this paper by answering the follow-
ing question: At some point in time during the pan-
demic when where the identified dead individuals
from COVID-19 most likely infected.

In the first method, death counts are estimated as a
function of current and lagged numbers of cases with
a panel data model. In the second method, a change
point analysis is performed to find the death and
infection counts that are most likely related to each

Table 2 Estimated new case fatality rate (CFR,)

Country Estimated Estimated  CFR, stand-
crude CFR average ard deviation
CFR,
Algeria 2.64 3.81 1.46
Bahrain 0.64 0.52 0.25
Egypt 5.88 7.16 2.47
Iran 2.94 4.03 2.01
Iraq 1.51 1.17 0.98
Israel 0.76 1.85 1.14
Kuwait 0.57 1.23 0.86
Lebanon 1.36 2.56 1.66
Libya 1.68 2.14 1.23
Morocco 1.77 2.17 1.07
Oman 1.05 1.77 1.12
Palestine 1.08 1.88 1.31
Qatar 0.21 0.36 0.21
Saudi Arabia 1.68 2.75 1.08
Syria 6.87 6.42 4.47
Tunisia 242 3.85 1.53
Turkey 0.84 2.06 0.85
United Arab Emir- 0.32 0.35 0.18
ates
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other and thus they can infer about the dynamics of
the lethality of the pandemic in each country.

Data sources

Data are collected on the cumulative number of
infections and deaths related to the pandemic in the
MENA countries. These data are publicly available
online (https://www.statista.com/statistics/1104709/
coronavirus-deaths-worldwide-per-million-inhab
itants/) and they cover the period from March 24,
2020 to April 21, 2021. It should be noticed that we
looked at different online resources where the data
are available to compare the reported numbers and to
minimize the issue of data reliability. Thus, data from
Jordan and Yemen could not be included in this study
since some of their published cumulative counts of
death and infection show decreasing numbers.

In addition, based on a broader definition of
MENA region (Middle East and North Africa) we
also included Turkey in the study. Therefore, the
list of countries included in this paper are Algeria,
Bahrain, Egypt, Iran, Iraq, Israel, Kuwait, Lebanon,
Libya, Morocco, Palestine, Qatar, Saudi Arabia,
Syria, Tunisia, Turkey, and United Arab Emirates.
A total of 394 daily observations for each of the 18
countries were used in the statistical analysis.

Suggested new measures of case fatality rates

In the first measure, a model is estimated for deaths
explained by lagged cases in a panel-data fixed effect
model as follows:

deathi’, = f * cases;,_;+ p;o+€;, (D

where i=1...18 and t=1...394, y; is a fixed effect
and ¢;, is the error term. The optimal value of [ is
equal to 7, based on AIC and coefficient significance.
This value is specific to the data collected. The idea is
that the number of lags in the most significant lagged
cases will determine, approximately, the average time
length (measured by the number of days) it takes the
virus to cause death.

Model Eq. (1) was run with alternative lag lengths,
using R software. Following AIC information cri-
terion, the number of lags equals to 7 is chosen in
the fixed effects panel data model. The dependent
variable is defined as the number of deaths and the
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independent variable is the lagged number of cases
with lag / equals to 7 days. The estimated coefficient
is 0.00565 and shows statistically significance at the
5% level with a t-statistic equals to 3.547. This sta-
tistical finding indicates that the more likely approxi-
mation of the time it takes the coronavirus to kill
infected individuals in the Middle East region is equal
to seven days, on average.

Therefore, it is suggested to form a series of CFR
for each country i at each time 7, based on the follow-
ing measure:

deaths,,
CFR,, = —2 100 @)
O cases;, 5
where deaths;, = é Z:Ll deaths; ;> and cases;,_; = % Z;:(Zl;)t] cases; ;>

for each country i.

It can be noticed that death and case counts are
computed from averaging present, one lead, and one
lag counts. This idea of allowing one point of margin
is to avoid single zero counts and to have smoother
approximations.

In the next step, a series of case-fatality rates are
obtained for each country as shown in Table 2.

The estimated CFR,values are based on the statis-
tical modeling and the significant result for the rela-
tionship between infection and death. This measure
estimates the average time it takes infected patients
in the Middle East to die and therefore is identifies
accurately infected individuals who are likely to even-
tually die from the disease. It is shown from Table 2
that the traditional crude case-fatality rates underesti-
mate the proportion of dead patients who are COVID-
19 infected.

Next, an econometric model is developed to study
the relationship between case-fatality measures and
country-specific explanatory variables. Data on per-
capita GDP and population size of each MENA coun-
try are collected and GLM statistical method (gen-
eralized linear model) is executed to estimate model

Eq. (3):

CFR. = 2.719 —0.047 * growth; + 0.0223 * pop;
L™ (3.906) —2.122 (1.7777)

3
where CFR, ;is the GLM estimate of the average case-
fatality rates which were reported for each country in
Table 2, growth is the per-capita GDP, and pop refers
to the population size in millions. The t-statistics of
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the model parameters are given in parentheses and the
p-values are 0.001, 0.051, and 0.096 for the constant,
the growth coefficient, and the population coefficient,
respectively. In addition, for the statistical results of
model (3) we can also report that AIC is equal to
69.779, and that the null and the residual deviances
are 61.239 and 32.612, respectively. These findings
show unequivocal statistical evidence that COVID-
19 is less lethal in more prosperous countries in the
Middle East, but perhaps there is less evidence that
the pandemic is more fatal in more populated coun-
tries. It can be noted that the findings of this paper are
different from those reported by Cao et al. (2020) in
which it was found that the association between popu-
lation size and COVID-19 CFR implies the health-
care strain and lower treatment efficiency in countries
with large populations.

An alternative method to obtain a dynamic meas-
ure of case fatality for the COVID-19 pandemic is
presented next and it assumes that it is more likely
to observe a high number of deaths from an associ-
ated high number of cases than from an associated
low number of case, and vice-versa. To compute
this measure, the first step is to estimate the change
points for death and infection counts to find a possi-
ble connection based on common trends between the

two counts during similar cycles, whether growth or
decline.

The statistical estimation of mean change points
in the time series counts of both deaths and cases
for each country are performed with the cumulative
sum method in R software. This method was studied
and illustrated in climatological and epidemiological
applications. For instance, Kass-Hout et al. (2012)
applied change point analysis to study emergency
department visits of patients with influence-like
symptoms and You et al. (2021) conducted a study to
detect vaccine safety signals.

Results and discussion

In this study we used the R package strucchange to
compute the optimal number of breakpoints. The
results are displayed in Tables 3 and 4 for deaths and
cases, respectively.

The paper aimed to develop two novel measures
of case-fatality which depict the dynamics of the
pandemic deadliness and to apply these measures to
study COVID-19 infections and deaths in the Mid-
dle East and to investigate the difference in the qual-
ity of health care related to the differences and the

Table 3 Average daily

: Country Daily average Standard deviation Number of
counts and estlmated' breakpoints
number of change points for
COVID-19 deaths Algeria 8.007 4.781 3

Bahrain 1.536 1.654 3
Egypt 32.607 21.794 4
Iran 167.769 112.685 4
Iraq 38.261 31.149 4
Israel 16.104 16.073 5
Kuwait 3.761 2.974 5
Lebanon 17.114 21.866 3
Libya 8.149 8.851 2
Morocco 22.754 23.175 4
Oman 5.830 7.713 3
Palestine 7.858 8.572 3
Qatar 1.015 1.623 3
Saudi Arabia 17.410 13.485 4
Syria 3.764 3.725 2
Tunisia 25.355 32.493 2
Turkey 93.751 75.167 4
United Arab Emirates 3.957 4.069 3
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Table 4 Average daily
counts and estimated
number of change points for

Country

Daily average

Number of
breakpoints

Standard deviation

COVID-19 cases Algeria

Bahrain
Egypt

Iran

Iraq

Israel
Kuwait
Lebanon
Libya
Morocco
Oman
Palestine
Qatar

Saudi Arabia
Syria
Tunisia
Turkey
United Arab Emirates

305.061 231.895 4
423.371 266.392 3
554.660 422.339 4
5809.05 4882.25 3
2542.11 1966.28 5
2125.87 2385.75 5
662.736 368.387 3
1311.09 1336.78 4
468.434 378.560 3
1287.30 1437.73 4
498.325 427.642 4
725.810 718.555 5
504.926 444.942 3
1034.20 1094.46 4
54.779 44.635 3
746.566 811.477 3
9268.68 13,802.3 2
1276.91 997.768 2

variations of the pandemic lethality between these
countries.

The first measure is obtained from estimated case-
fatality rates which are based on the statistical mod-
eling of the relationship between infection and death.
This measure estimates the average time it takes
infected patients to die from the disease.

The second measure of case-fatality rate is based
on a change point analysis. The new rates are com-
puted as follows:

deaths,,
CFR,;, = —— x 100 4)
’ cases;,
where for each country isgeamns, = L 312 death count,;»

1 T+2
cases;. = - 2,._ case count
j=7-2

] i and the change
pointe date = of cases lags the change point date ¢
of deaths by 1 to 21 days. The counts are from sim-
ilar cycles either growing or declining numbers.
Also, infection and death counts cannot be more

than 21 days apart in a cycle. The change point for
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the number of cases must precede immediately the
change point for the number of deaths. In addition,
in the computations of this case-fatality measure two
points of margin in the counts are allowed, that is
2 leads and 2 lags. The change point dates for each
Middle East country and the second new measures
of pandemic case-fatality, denoted by CFR,, are dis-
played in Table 5. It is shown that there are notable
variations of the pandemic lethality between the Mid-
dle East countries. This may be explained by the dif-
ference in the quality of health care for symptomatic
patients.

To elaborate further on the suggested idea of
CFR2, suppose a cycle of increasing numbers of
deaths from which the highest number is selected, call
it deaths;,. We look at the similar cycle of increasing
numbers of cases that immediately precedes the death
count cycle, if it does not lag by more than 21 days.
From that cycle, the highest number of cases is cho-
sen, call it cases;,. Next, these counts are updated by
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Table 5 Estimation of new

case-fatality rates (CFR,) Country Estimated COYID—19 Estimfited COVID.—19 New estin}ate§ of
: death break points infection break points case-fatality (in
Zzzf;ls?sn change point percent)
Algeria 20-06-28 NA
20-08-30 20-08-29 *)
20-11-01 20-10-26 2.87
20-12-30 20-12-21 2.07
Bahrain 20-06-05 20-05-26 0.32
20-10-26 20-10-10 0.95
21-02-28 21-02-22 0.62
Egypt 20-05-29 20-05-20 2.64
20-07-29 20-07-18 9.09
20-12-20 20-12-12 7.83
21-02-20 21-02-09 8.00
Iran 20-06-27 NA
20-10-17 20-10-20 *)
20-12-14 20-12-05 3.34
21-02-21 21-02-16 2.18
Iraq 20-06-13 20-06-10 *)
20-09-21 20-08-07 *)
20-10-08 NA
20-12-10 20-12-05 241
21-02-21 21-02-15 0.97
Israel 20-06-29 20-06-19 1.01
20-08-27 20-08-17 0.67
20-10-25 20-10-15 2.17
20-12-23 20-12-19 0.51
21-02-20 21-02-16 0.98
Kuwait 20-05-13 20-05-24 (@)
20-07-27 NA
20-09-24 NA
20-11-12 20-11-07 0.49
21-02-08 21-02-02 0.85
Lebanon 20-08-25 20-07-28 (*)
20-09-29 NA
20-12-16 20-11-27 1.26
21-01-12 21-01-10 3.02
Libya 20-08-20 20-08-02 5.5
20-09-03 NA
20-12-20 20-12-02 2.67
Morocco 20-08-13 20-08-04 3.51
20-10-13 20-10-06 1.68
20-12-10 20-12-08 2.62
21-02-09 21-02-12 (*)
Oman 20-06-26 20-05-31 *)
20-07-28 NA
20-11-29 20-11-12 1.92
21-02-21 21-02-17 241
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Table 5 (continued)

Country Estimated COVID-19 Estimated COVID-19 New estimates of
death break points infection break points case-fatality (in
percent)
Palestine 20-06-25 NA
20-10-01 20-08-27 *)
20-11-17 21-10-30 3.75
21-01-15 20-12-29 1.47
Qatar 20-05-24 20-05-20 0.31
20-08-06 20-07-19 0.48
21-02-20 21-02-07 0.28
Saudi Arabia 20-05-30 20-05-26 1.46
20-07-26 20-07-20 2.05
20-10-11 20-09-09 *)
21-02-12 21-02-02 2.86
Syria 20-08-14 20-08-01 9.48
20-12-10 20-11-22 12.31
21-02-20 NA
Tunisia 20-10-10 20-09-22 4.02
20-12-08 NA
21-02-10 21-01-30 4.71
Turkey 20-05-14 NA
20-09-01 NA
20-11-20 20-11-12 1.42
21-02-19 21-02-02 1.18
UAE 20-05-25 NA
20-10-03 20-10-01 0.55
21-01-20 21-01-03 0.42

accounting for a margin of two days. Finally, the new
measure will estimate more accurately the propor-
tion of patients who were infected and eventually who
have died during a specific cycle of the pandemic. It
should be noted that these rates cannot be computed
if one count is not available (NA) during the cycle
or if the infection break point time does not lag the
death break point time by at most 21 days during the
same cycle. An example to illustrate the detailed steps
for the calculation of this measure is presented in the
appendix.

The variations and the dynamics of COVID-
19 case-fatality for the MENA countries can be
explained by the difference in the quality of health

@ Springer

care for patients who were admitted in the hospitals.
It is found that there are four clusters of countries
according to their pattern of pandemic lethality which
decreases over time for Algeria, Iran, Iraq, Palestine,
Turkey, and the United Arab Emirates. The over-
all trend increases for Egypt, Oman, Saudi Arabia,
Tunisia, Lebanon, and Kuwait. It goes up and then
declines for Bahrain and Qatar, and it fluctuates in the
opposite direction for Morocco and Israel. However,
for Libya, there is only one possible estimate of case-
fatality rate of the coronavirus disease and therefore
there are no variations. The new measure of fatality
rates may be described as shown in Fig. 1.
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Middle East and North Africa (MENA)

1. Morocco 6. Jordan 11. Saudi Arabia 16. Yemen
2. Algeria 7. Syria 12. Kuwait 17. Oman
3. Tunisia 8. Lebanon 13. Bahrain 18. Israel
4. Libya 9. Irag 14. Qatar
5. Egypt 10. Iran 15. UAE
Lethality pattern | | 7 | TN | 7 |
T N ~

Fig.1 COVID-19 lethality pattern in the Middle East countries (map source: slidemodel.com)

Conclusion

Crude case-fatality rate and other related measures
suggested in the epidemiologic literature are biased
and at best do not provide any information on how
the deadliness of a pandemic progresses over time.
This paper addresses the issue and presents alterna-
tive dynamic measures of case-fatality based on the
assessment of pandemic lethality and the estimated
time between infection and death. The methods iden-
tify the variations in the lethality of the virus which
is likely due to the difference of the quality of health
care for hospitalized symptomatic patients. An empir-
ical investigation is carried out to study the coronavi-
rus pandemic outbreak in the Middle East region and
to assess the difference in the dynamics and the vari-
ations of its lethality between these countries due to
the difference in the quality of their health care.

The findings of this paper show that traditional
crude case fatality rates are overall underestimated,
and they do not identify the possible variations of
COVID-19 deadliness during the outbreak. The sug-
gested new measures allow to have a comprehensive
analysis of how the pandemic lethality may change
and therefore can help health officials adjust their
interventions and their health services accordingly.
However, the results obtained in this paper depend on
the reported daily counts of cases and deaths which
may lack accuracy and reliability.

As noted in the World Health Organization report
(WHO, 2020), one crucial feature of an infectious
disease caused by a novel pathogen like the coro-
navirus, is its severity and the ultimate measure of
which is its ability to cause death. Fatality rates can
help health officials understand the severity of the
disease and identify at-risk populations and evaluate

@ Springer
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Fig. 2 Example to illus-
trate the new measure of
case-fatality rates based on
change points

New measure of CFR based on change point analyis

—o—cases =—®=—deaths

the quality of healthcare to make recommendations
as how to improve it. However, the resulting inter-
ventions and health policies can be more effective if
these measures of case-fatality rates can also iden-
tify how the disease fatality might change during
the outbreak and thus it would be crucial to evalu-
ate accurately not only the differences in mortality
between groups of people within each country and
between countries (Sorci et al., 2020) but also to
identify the potential variations of disease fatality.
The main contribution of this paper is to develop
new methods of case fatality rates that allow to
know how the pandemic lethality varies during the
outbreak. This can help health officials find effi-
cient policies regarding the allocation of medical
resources and better strategies to reduce the fatal
impact of the pandemic.
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Appendix

In Fig. 2, we show an example on how to compute the
case fatality rates based on change points of COVID-
19 cases and deaths. Suppose the number of cases
(in hundreds) is displayed by the blue curve and the
number of deaths (in tens) is given by the red curve.
The change point corresponds to an abrupt change
or a significant shift of the trend of the variable. For
instance, in Fig. 2 let us denote by d, the change point
in the number of deaths which matches 30 units (or
300) new coronavirus related deaths. It occurs at time
t. Also let ¢, denote the change point in new cases
which corresponds to 80 units (or 8000) new infec-
tions, and it occurs at time 7. In our analysis the
time lag between the death and the infection change-
points, which is given by ¢ — 7, should be between 1
and 21 days in each cycle. Now we apply Eq. (4) to
form a series of case-fatality rates that can describe
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the variations and the dynamics of the pandemic
deadliness.
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