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Abstract

The COVID-19 outbreak has forced most of the global population to lock-down and has put

in check the health services all over the world. Current predictive models are complex,

region-dependent, and might not be generalized to other countries. However, a 150-year

old epidemics law promulgated byWilliam Farr might be useful as a simple arithmetical

model (percent increase [R1] and acceleration [R2] of new cases and deaths) to provide a

first sight of the epidemic behavior and to detect regions with high predicted dynamics.

Thus, this study tested Farr’s Law assumptions by modeling COVID-19 data of new cases

and deaths. COVID-19 data until April 10, 2020, was extracted from available countries,

including income, urban index, and population characteristics. Farr’s law first (R1) and sec-

ond ratio (R2) were calculated. We constructed epidemic curves and predictive models for

the available countries and performed ecological correlation analysis between R1 and R2

with demographic data. We extracted data from 210 countries, and it was possible to esti-

mate the ratios of 170 of them. Around 42�94% of the countries were in an initial acceleration

phase, while 23�5% already crossed the peak. We predicted a reduction close to zero with

wide confidence intervals for 56 countries until June 10 (high-income countries from Asia

and Oceania, with strict political actions). There was a significant association between high

R1 of deaths and high urban index. Farr’s law seems to be a useful model to give an over-

view of COVID-19 pandemic dynamics. The countries with high dynamics are from Africa

and Latin America. Thus, this is a call to urgently prioritize actions in those countries to inten-

sify surveillance, to re-allocate resources, and to build healthcare capacities based on multi-

nation collaboration to limit onward transmission and to reduce the future impact on these

regions in an eventual second wave.

PLOS ONE

PLOSONE | https://doi.org/10.1371/journal.pone.0239175 September 17, 2020 1 / 25

a1111111111
a1111111111
a1111111111
a1111111111
a1111111111

OPEN ACCESS

Citation: Pacheco-Barrios K, Cardenas-Rojas A,

Giannoni-Luza S, Fregni F (2020) COVID-19

pandemic and Farr’s law: A global comparison and

prediction of outbreak acceleration and

deceleration rates. PLoS ONE 15(9): e0239175.

https://doi.org/10.1371/journal.pone.0239175

Editor: Amir Radfar, University of Central Florida,

UNITED STATES

Received: April 27, 2020

Accepted: August 16, 2020

Published: September 17, 2020

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0239175

Copyright: © 2020 Pacheco-Barrios et al. This is an

open access article distributed under the terms of

the Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

Information files.

http://orcid.org/0000-0002-8464-6866
http://orcid.org/0000-0003-1307-9355
https://doi.org/10.1371/journal.pone.0239175
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239175&domain=pdf&date_stamp=2020-09-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239175&domain=pdf&date_stamp=2020-09-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239175&domain=pdf&date_stamp=2020-09-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239175&domain=pdf&date_stamp=2020-09-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239175&domain=pdf&date_stamp=2020-09-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239175&domain=pdf&date_stamp=2020-09-17
https://doi.org/10.1371/journal.pone.0239175
https://doi.org/10.1371/journal.pone.0239175
http://creativecommons.org/licenses/by/4.0/


Introduction

Covid-19 has been a global public health crisis for different reasons. This pandemic has had a

rapid global spread, and in five months, 210 countries were affected by hundreds or thousands

of cases and deaths [1]. Also, there was a lack of proper preparation, and it truly stressed the

health care system, especially in countries where the incidence was higher, for instance, in

China, Iran, and Italy [1].

One of the challenges in this crisis was the lack of good prediction models. In fact, a recent

review of 27 studies analyzing 31 different models concluded that models have overall poor

predictability and indeed should not be used to drive clinical care decisions [2]. There were sev-

eral complex models limited to specific geographical regions that give us a partial perspective of

this pandemic. It could also lead us to overestimate the number of cases and deaths when we

try to replicate the models in other regions [3–6]. One can say that this would be theoretically

beneficial as it would overprepare a health system for a rapid surge in cases, and thus, if the

numbers are proven to be smaller, that would not have a large detrimental effect [7].

Another challenge in the COVID-19 epidemics is to design models for a condition with

limited data. However, a similar scenario may repeat with another unknown or less studied

agent. There have been simple prediction models that could have been best used to understand

the numbers and dynamics of COVID-19 pandemic easily but from a planetary standpoint

due to its accessible computation. In this article, we will discuss a simple and elegant method

to forecast epidemic dynamics proposed almost 200 years ago byWilliam Farr.

Farr’s law stated that the epidemic’s dynamic could be described as the relation of two arith-

metic ratios. The first ratio (R1) represents the change of cases or deaths comparing one time

against the immediately before time. The second ratio (R2) measures the rate of change of R1,

or in mathematical terms, the acceleration of the estimate (new cases or deaths) [8, 9]. Using

this concepts and assumptions, we proposed a theoretical framework to classify the epidemic

phase (Fig 1) in a specific region and time as following: i) Phase A—both high change of events

and acceleration; ii) Phase B—high change of events but low acceleration; iii) Phase C—no

Fig 1. Theoretical framework of epidemic phases based on Farr’s law.

https://doi.org/10.1371/journal.pone.0239175.g001
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change of events nor acceleration; iv) Phase D—small change of events but higher acceleration;

and v) Phase E—both small change of events and acceleration.

Farr’s law has not been widely used as other models using differential-equations were

instead employed, such as the susceptible-infectious-removed (SIR) model [10]. The main rea-

son is that it does not consider other important variables as population characteristics (immu-

nity and susceptibility), public health interventions, and political actions against the pandemic.

However, it may still be valuable and especially for new outbreaks where there is a lack of

knowledge on parameters of disease such as Ebola [11], Chikungunya [11], opioid abuse [12],

and indeed the current COVID-19 pandemic. In the study of 1990, Bregman et al. [9] showed

a good prediction model for the cases of AIDS, showing that the peak was close, and it would

happen a rapid deceleration which it did take place in the following years. Santillan et al. [11]

compared the Farr’s model with the incidence decay with exponential adjustment (IDEA) and

SIR models. They reported Farr’s Law mathematical approach to resemble solutions of SIR

model in an asymptotic limit, where changes of transmission respond both to control policies

and depletion of susceptible individuals. Moreover, they suggested the concept of the repro-

duction number (R0) and the effects of control of epidemics (via behavior change or public

health policy intervention) were implicitly captured in Farr’s work (pre-microbial era).

In this study, we will model COVID-19 current data (until April 10, 2020) of new con-

firmed cases and deaths, from 210 countries as to test the assumptions of the 1840 Farr’s law,

to describe the epidemic dynamics, and also to make predictions to identify areas with high

dynamic and suggest preparation and actions of health system in those regions.

Methods

Data

We extracted the COVID-19 data of total and new confirmed cases and deaths from all coun-

tries available in “Worldometer” website (210 countries, see Table 1) [13], until April 10, 2020.

This website provides a real-time update on the actual number of COVID-19 cases worldwide,

including the total confirmed cases, daily new confirmed cases, and severity of the disease

(recovered, critical condition, or confirmed death) by country. Worldometer is composed of a

team of researchers, developers, and volunteers with no political, governmental, or corporate

affiliation to provide time relevant world statistics. As general information, it has been voted as

one of the best free reference websites by the American Library Association, and its data has

been used in the United Nations Conference Rio+20 [14].

In the context of COVID-19 pandemic, it has been a provider for important governmental

institutions such as the UK, Thailand, Pakistan, Sri Lanka, and Vietnam Governments as well

as for the COVID-19 dashboard by the Center for Systems Science and Engineering (CSSE) at

John Hopkins University [15]. Based on its webpage, they obtain the data directly from official

reports from the Government’s communication channels or indirectly through local media

sources when they are considered reliable.

We downloaded the data on new cases and deaths, separately, per day and country since

the first available record (January 23, 2020). We extracted directly from the webpage code

source from each plot using a standardized extraction spreadsheet to prevent losing data.

Additionally, we extracted data of income, urban index, population density, population size,

and proportion of the older population (>65 years old) from the World Bank data repository

[16] of the included countries; we estimated the number of cases and deaths per 1000 and

100,000 inhabitants by country, respectively. Finally, we performed a post-hoc extraction of

the new cases for June 10, 2020 (one point extraction), and the political actions against

COVID-19 per country, from the University of Washington Health Index and Evaluation
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Center (IHME) database [17]. We used this analysis to compare current data with our predic-

tions on the COVID-19 worldwide trend, including the countries with reduced cases near

zero, and the countries with high predicted dynamics. We exported the data to a standardized

spreadsheet in Excel Microsoft 2019 to performed data cleaning.

Calculation of ratios

According to Farr’s law, the intrinsic epidemic’s behavior could be described as the relation of

two arithmetic ratios:

1. The first ratio (R1) represents the change of cases or deaths (first level dynamic) comparing

one time against the immediately before time (could be in days or months, based on the

natural history of the disease). Thus, by subtracting 1�0 from this ratio, we can calculate the

percent increase of cases or deaths, in physical terms, this measure could be understood as

the “velocity of spread” of the epidemic.

2. The second ratio (R2) measures the rate of change of R1s. It compares the R1 of one time

against the R1 from the immediately before time. In physical terms, we can interpret this

ratio as the acceleration of the epidemic (new cases or deaths).

We calculated the Farr’s ratios based on prior reports [9, 11, 12], the first ratio (R1) was the

division of given cases or deaths (I) at t time over that estimate of t time before (formula 1).

Then, dividing the first ratio of one time over the immediately before resulted in the second

ratio (R2)(formula 2).

R
1
¼

Iðt þ 1Þ

IðtÞ

� �

ð1Þ

R
2
¼

Iðtþ3Þ

Iðtþ2Þ

� �

Iðtþ1Þ

IðtÞ

� � ð2Þ

We predefined the sum of events over five days of consecutive data as a time length to cal-

culate the ratios, as was suggested in prior studies to use clustered data to stabilize the data dis-

tribution [11]. We constructed the epidemic curves of all the 210 countries using those

clustered data on new cases and deaths. The normality of the data was examined using skew-

ness and kurtosis without data transformations to assure the estimates’ interpretability. The

countries with disease data less than 15 days (to calculate at least one R2) were excluded from

the ratio’s calculation analysis.

Prediction models and statistical analysis

We fit a normal curve to these data to use Farr’s law as a predictive model of epidemic dynam-

ics. First, similar to previous studies [9, 11, 12], we assumed the future R1 and R2 values would

be the same as the mean of the past three-time intervals (five days), then we predicted the

future first ratio and daily confirmed new cases and deaths, for the next two months (until

June 10, 2020), by back-calculation, using the mean of the last three calculated R2 [9]. To fit a

normal curve, we set two assumptions [9, 11]: i) the R2 was constant, having a value between

0�0 and 1�0, which signifies a constant deceleration in the rate of change (R1). ii) each included

country should report data of three-time intervals at minimum. The countries which do not

fulfill these criteria were excluded from the predictive analysis [11].
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Additionally, we performed ecological correlation analyses to assess the relationship

between R1 and R2 of new cases and deaths, with urban index, population density, cases/1000

inhabitants, and deaths/100,000 inhabitants. The predefined hypothesis was higher R1, and R2

ratios are correlated with higher numbers of cases [9, 11] adjusted by population size, and

these ratios are related to the number of urban areas and population density in the country.

We calculated 95% confidence intervals using the standard error of the mean of the last

three calculated R2. Two-sided p<0�05 was considered statistically significant. The analyses

were performed in Microsoft Excel 2019 and Stata 15 (StataCorp LLC: College Station, TX).

For the report of this study, we followed the Guidelines for Accurate and Transparent

Health Estimates Reporting (GATHER) to define best reporting practices for studies that com-

pute health estimates for multiple populations in different times and spaces [18]. The checklist

is reported in S1 Table. This study is exempt from institutional review board’s review due to

the use of publicly available and de-identified information.

Results

Worldwide COVID-19 dynamics based on R1 and R2

We obtained information from 210 countries, including reported new confirmed cases and

deaths until April 10, as well as their approximate first report date of Covid-19 (Table 1). From

them, it was possible to calculate the R1 and R2 of Covid-19 cases and deaths of 170 countries;

it was not possible to estimate neither of the ratios in 40 countries due to limited data available

for these countries. The R1 and R2 ranged from 0�20 to 6�64 and from 0�17 to 22�06, respec-

tively. Our calculation showed that 73 countries (42�94%) are in the epidemic phase A (initial

accelerated phase), 57 (33�52%) were decelerating getting closer to the peak (phase B), and 40

(23�5%) were already on the other side of the epidemic curve (phase D and E). For deaths, the

R1 was calculated for 116 countries with a range between 0 and 6, while for the R2 only in 96

(range, 0 to 32�7). The majority of them, 74 (66�07%), showed an increase in mortality ratios

(R1 and R2). Due to absent data on mortality, 75 and 112 countries lacked R1 and R2 calcula-

tion, respectively. As an overall, the world is in A and B epidemic phases and is increasing

death rates (45�8%) (Table 1).

From the 20 countries with highest R1 (range, 2�38 to 6�64) and R2 (range 2�20 to 22�06) for

Covid-19 new cases the majority were from Africa (around 40%, Fig 2) and had a middle-

income economy (70% for R1 and 35% for R2). In case of deaths the range of R2 were from

2�73 to 6 and for R2 from 1�33 to 32�70. The predominant region for both ratios was Europe,

while high income countries were predominant for the R1 and middle-income for R2

(Table 2). In general terms, from all the countries with high R1 low income countries repre-

sented 9�92% (13 countries) and 3�75% (3 countries) for cases and deaths respectively, whereas

for high R2 12�79% (11 countries) for cases and 5�71% (2 countries) for deaths.

We then calculated the median R1 and R2 rates for new cases according to the epidemic

phase (Fig 1). While R1 median rate starts with 1�69 (for phase A) and then decreases to 0�79 in

phase E; R2 median rate starts with 1�42 for phase A and decreases to 0�81 in phase B but then

increases again in phase D to 1�23 to then decrease in phase E to 0�75 thus being aligned with

Farr’s law.

Correlational analyses. Regarding the correlation analysis, the R1 for mortality was posi-

tively correlated with urban index (rho = 0�2, p = 0�03), and with deaths per 100 000 inhabi-

tants (rho = 0�3, p = 0�001). No significant correlations were found for the rest of the ratios.

Predictive analyses. For the prediction of new cases, we included 69 countries out of 210

countries, the rest of them did not meet the assumption criteria or have enough data. On the

PLOS ONE Covid pandemic and Farr’s law

PLOSONE | https://doi.org/10.1371/journal.pone.0239175 September 17, 2020 13 / 25

https://doi.org/10.1371/journal.pone.0239175


other hand, for the prediction of mortality, 64 countries were included in the modeling (in S2

Table and in S3 Table).

Worldwide we predict 1 284 553�6 (CI 95%, 935 337�5–1 988 290�9) of new cases (43�1% of

the total cases) and 221 329�3 (CI 95%, 155 105�3–371 461�1) new deaths (68�1% of the total

deaths) during the period after April 10 to June 10. The peak of new cases would reach around

April 11 to 15th with approximately 432 4843�7 new cases (CI 95%, 400 294�6–464 672�7) and

the peak of mortality around April 16 to 20th with approximately 46 051�7 deaths during this

period (CI 95%, 39 846�2–52 870�2). Following a bell-shape curve, regardless neither of the

new cases and new deaths reach zero until June 10, the lowest number of new cases would be

around 1�2 (CI 95%, 0–321�3) new cases and 38 (CI 95%, 0�9–1 378�8) new deaths during the

lowest peak on June 6th -10th. (Fig 3, S2 and S3 Tables).

Regarding the prediction of individual countries, we divided them into quartiles based on

the number of daily cases and deaths trends (Figs 4 and 5). The highest quartile of new cases

has a range of 1 863 to 165 364 daily cases and included 18 countries (56% from Europe, 22%

from America, 17% from Asia and 6% from Oceania). The highest quartile for mortality

includes values from 141 to 3 2867 daily deaths with 16 countries (10 [62%] from Europe, 4

[25%] from America, 1[6%] from Asia, and 1[6%] from Africa). Regarding new cases, from 69

countries, 56 will reach zero, and 13 will continue beyond June 10, 2020 (see S2 Table). For

new deaths, from 64 countries, 58 will reach zero deaths and 6 will still be continued beyond

June 10, 2020 (in S3 Table). The countries with higher predicted cases are the USA, UK, and

Spain, and higher predicted mortality are the USA, France, and Sweden (Figs 4 and 5 and S2

and S3 Tables).

Fig 2. Geographical representation of Farr’s ratios of the COVID-19 pandemic. First ratios represent a percent increase in the epidemic dynamic,
and second ratios represent epidemic acceleration. A and B depict the first ratios for the new cases and deaths, respectively. C and D represent the
second ratios for new cases and deaths, respectively. The calculations are based on worldwide data until April 10, 2020.

https://doi.org/10.1371/journal.pone.0239175.g002
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Comparison with updated data. We found in our post-hoc comparison with updated

data (June 10, 2020) that from the countries we predicted a higher number of cases and deaths

worldwide (using data till April 10, 2020), 70% and 100% are actually among the first 20 coun-

tries with more cases and deaths, respectively, by June 2020. Our model predicted high dynam-

ics in US, UK, Brazil, Italy, Spain, France (Table 1), and this was confirmed with current data.

Additionally, we found 55 (26.2%) countries reported strict restriction strategies as part of

political actions against the pandemic, the most common were stay-home policies, gathering

Fig 3. Worldwide COVID-19 new cases and deaths incidence predicted by Farr’s law. (A) New cases and (B) deaths
incidence (and 95% CI). The calculations are based on worldwide data until April 10, 2020.

https://doi.org/10.1371/journal.pone.0239175.g003
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restriction, and travel restrictions (S4 Table). However, there is important missing information

for several countries in the available dataset (IHME).

Regarding the worldwide curve for new cases and deaths of Covid-19 in June 2020 (S1 Fig)

showed a pseudo-normal distribution (negative kurtosis), with a steep slope by the second

semester of March with a plateau by the beginning of April which last one month. By the

Fig 4. Prediction of new cases per country predicted by Farr’s law. A) USA prediction—the country with a higher
incidence in the world. B) Prediction for quartile 1. C) Prediction for quartile 2. D) Prediction for quartile 3. E)
Prediction for quartile 4. The quartile division is based on the number of new cases. Only 70 countries are included in
this prediction analyses, due to the lack of data and failure to meet the assumptions criteria. The calculations are based
on worldwide data up to April 10, 2020.

https://doi.org/10.1371/journal.pone.0239175.g004
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Fig 5. Prediction of new deaths per country predicted by Farr’s law. A) USA prediction—the country with a higher incidence in the
world. B) Prediction for quartile 1. C) Prediction for quartile 2. D) Prediction for quartile 3. E) Prediction for quartile 4. The quartile
division are based on the number of deaths. Only 68 countries are included in this prediction analyses, due to the lack of data and failure
to meet the assumptions criteria. The calculations are based on worldwide data up to April 10, 2020.

https://doi.org/10.1371/journal.pone.0239175.g005
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beginning of May the curve started to rise again but gradually. Similarly, the curve of death

had a steep slope during the last 10 days, fromMarch reaching a peak by mid-April, and then a

gradual descent until the end of May, where it reached a plateau.

By June 10, 36 countries (64.6%) of the 56 countries we predicted to be around no new

cases before June 10 are decreasing or around zero new daily cases (Table 1). Moreover, as we

predicted countries as New Zealand, Greenland, Macao, Saint Martin, and Faeroe Islands

report no new cases for more than ten days up to June 10.

Concerning the 20 countries with high R1 for new Covid-19 cases (Table 2), we found that

five countries (25%) were still having an increment on their curve with one of them (Uzbeki-

stan) increasing a second wave. Two countries (10%) were in a plateau; for seven (35%), the

descend on the curve was still not clear, while three (15%) has a clear descend and other three

(15%) has not reported new cases for more than ten days. Among the three countries with the

highest R1, Congo and Gabon are still reporting cases with a heterogeneous pattern, which

hinders the determination of a clear dynamic on the curve. On the other hand, Angola

reported its peak on June 10 and still in an accelerated phase of the pandemic (Table 2).

In the case of the countries with high R2 for cases, three countries (15%) had an increasing

curve, one (5%) was in a plateau, three (15%) had a not clear descend, seven (35%) were

descending and six (30%) had not reported cases for more than ten days. Among the countries

with the highest R2, Angola and Bangladesh showed a clear increment on its curve, reporting

more new cases on June 10 (Table 2).

Discussion

Farr’s law is a simple arithmetical model that provides useful and important insights on epi-

demic dynamics. The findings from our modeling suggest that most of the countries over the

world (76�43%) are in the early stage of the epidemic curve (phase A and B of our theoretical

framework). The countries with higher epidemic dynamics (acceleration of cases and death

numbers) are in Africa (around 40%) and had middle-income economies. Based on our model,

the pandemic curve will reduce significantly until June 10, 2020, for both new cases and deaths,

in the overall worldwide model and for 56 countries (in S2 and S3 Tables). The countries with

higher predicted cases (adjusted for population) are USA, UK, and Spain, and higher predicted

mortality are USA, France and Sweden; however, 60% of the countries could not enter to the

predictive modeling due to lack of data or instability of R2 estimate (higher than 1).

The percentage of countries on phases A and B and with higher dynamics from low and

middle-income sectors are higher (mainly from Africa and Latin America). This is a potential

risk due to the limited health resources in those countries that could lead to a high rate of mor-

tality and burden for the health system but also could generate a devastating socioeconomic,

political, and inequality impact [19, 20]. Recent studies are reporting the lack of preparedness

and high vulnerability of African countries against an eventual increase of COVID-19 cases

[5]. Also, Moore et al. reported a ranking of countries based on the infectious disease vulnera-

bility index [21], which considered a number of socioeconomic and health factors, several

countries from the top of their list, such as Angola, Niger, Guinea, Congo, Togo, and Ivory

Coast are in our ranking using the Farr’s ratios, indicating a higher epidemic dynamics in

those countries, yet with a small number of cases, currently. Thus, this is a call to prioritize

actions in those countries to intensify surveillance, to re-allocate resources, and to build

healthcare capacities based on multi-nation collaboration [22] to limit onward transmission

and to reduce the future impact on these regions.

Based on our prediction, the worldwide trend will reach values near to zero at the beginning

in June, and approximately 56 countries (S2 Table) will reach values near zero before June 10,
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2020. Compared with the current trend at June 10, 2020, we can see a pseudo-normal distribu-

tion with low kurtosis (more pronounced in the curve of new cases–S1 Fig). This could be

explained by the heterogeneity of the clusters (countries) included in the model, with different

pandemic start date, different socioeconomic characteristics, and public health and political

actions against the pandemic; therefore, this produces potentially an overlap of multiple nor-

mal distributions curves. This also could be true for large countries with independent states

such as USA (implementing multiple political actions and public health strategies at different

moments) [23]. However, for more homogenous clusters (such as New Zealand, Australia, and

some Asian countries), the predicted curves were accurate. Similarly, the prediction estimates

were also accurate—most of the countries (70%) that we predicted a higher number of cases

and deaths (till June 10) were confirmed in our post-hoc extraction, as well for the predicted

countries with high dynamics (higher predicted R1 and R2). Thus, we should consider that

our estimates using the Farr’s law depend on the precision of the reported data, the cluster het-

erogeneity, and the current acceleration (R2) of the epidemic dynamics (i.e. higher values of R2

produces an exponential function of the fitted values). Similar behavior was reported in previ-

ous studies [11, 12]. Although, Santillana et al. suggested a potential use of these higher R2

ratios, not to use them as predictive measures but rather as sentinel index for the change in epi-

demic dynamic, which could indicate the start of a new wave of cases [11].

Previous studies have reported behavior predictions for the COVID-19 pandemic; most of

them focus on specific countries, such as China [24], Chile [25], Italy [24], France [24], and

USA [23, 26]. The estimation of end date varies fromMay 12 (for Chile) to June 15 (for Italy),

these dates from more complex models (most of them from a SIR model) are consistent with

our predictions for those countries (Table 1), suggestion an acceptable accuracy to describe the

epidemic dynamics with a simpler model. None of the previous studies used the Farr’s law to

model the current pandemic behavior, and the available models reported prediction for high-

income countries with better health system infrastructure and data registration; however, we

could not identify published models from low- and middle-income countries, especially from

Africa, those who are paradoxically more at risk due to high pandemic dynamic. Thus, Farr’s

law approximation will be a valid option for scenarios with low resources and to identify coun-

tries at risk.

Moreover, it has been reported Farr’s law is an adequate model to assess the behavior of epi-

demics more than predict the exact number of cases accurately [2]. However, under certain

assumptions (in epidemic phases with relative deceleration), its estimates are near to the SIR

and IDEA models [11]. Besides, it seems to apply across different outbreaks types—because it

relies on the intrinsic natural history of epidemics—and allow as to model fast with simple

assumptions and limited data. The R1 and R2 ratios are variable across countries and epidemic

phases, allowing us to classify the epidemic behavior over the world. Besides, it does seem that

a higher R1 for mortality is associated with a high urban index and a higher number of deaths

per 100,000 inhabitants, which is along with the literature on the impact of urbanization on

the transmission of respiratory infection diseases [11]. Therefore, countries could also use R1

and R2 ratios to monitor the first deceleration phase (Phase B). Interestingly, the median R2

ratio is similar to the past AIDS epidemic reports [9], thus reflecting perhaps the behavior of

an outbreak without immune protection.

The sociodemographic characteristics and the political actions against the pandemic are

important factors within countries to describe pandemic behavior. From our model, we pre-

dicted 43 countries (Table 1) would reach near to zero in June. Most of them are middle to

high-income countries, implement early and strict restriction policies; it seems no particular

sociodemographic characteristics (population size, density, or proportion of older people) are

predominant in these groups. These findings are aligned with previous studies showing the
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positive effects of strict restriction policies [27]. From our model and post-doc extraction,

countries as New Zealand reached no new cases around May, while Australia has less than 20

new daily cases by June 10. The normality of these curves might be related to different explana-

tions. First of all, both countries are high-income countries with a high Human Capital Index

(0.8 and 0.7 respectively) that have invested in health since 1990 [28]. Germany, with 21.5% of

the population more than 65 years old, has a smaller number of deaths per million people than

other countries like US, Italy, Spain. All these countries established political and health social

regulations during the pandemic and widespread testing even before reaching the peak. How-

ever, the key factors to successfully implement restrictive measurements could be adequate

health literacy and socioeconomic equity [29]. For example, in our model, we found a high

dynamic in Peru; it was one of the first countries in America to close its borders, established a

strict lock-down with a curfew, and even provided financial aid for vulnerable people during

the lock-down [30]. However, high socioeconomic disparities, great urban low-income con-

glomerations with limited health services accessibility, high levels of business informality [31],

and even corruption have played an important role in jeopardizing the fight against the Covid-

19 outbreak. Despite that, the Peruvian government’s quarantine policies might have pre-

vented a major sanitary catastrophe considering the fragile and fragmented Peruvian public

health system [32]. Indeed, our results suggested that restrictive measurements (social-distanc-

ing, restricting gatherings and non-essential travels) and widespread testing are critical to end-

ing the ongoing COVID-19 pandemic. However, it is necessary to consider the

sociodemographics and health literacy characteristics of the population to implement these

measures in the mid- to long-term successfully.

One limitation in our modeling is the probable high rate of underreported cases all over the

world, especially in low and middle economies either because of population size, weak health

systems, geographical issues, inequity or lack of health access [33]. Additionally, the migration

of people between countries is an important covariate for epidemic modeling [34] we did not

include in our model due to data availability. In fact, this variable could contribute to underes-

timating the real dynamic; however, the utility for public health decision still valid as a similar

limitation was founded in the previous influenza H1N1 pandemic [35]. Finally, another limita-

tion is the potential heterogeneity on the criteria to identify cases in the Worldometer dataset,

since they used a confirmation status based on public health policies and available test in each

country. Therefore, there is a possibility of underreporting and false negatives cases [36], espe-

cially in low- and middle-income countries.

Finally, even though our model predicts a significant reduction of cases and deaths world-

wide, a second wave of cases is possible. Currently, there are examples of countries with these

patterns, such as South Korea and China, countries where the restriction strategies and politi-

cal actions were applied early and rigorously. This highlights the importance of other factors

such as viral reintroduction, particularly international importation from countries with higher

epidemic dynamics, as well as a rebound of viral transmissibility due to the gradual resumption

of economic activities and normal levels of social interaction [37]. In this scenario, our model-

ing approach could be a potential tool to assess the pandemic dynamics in a simple manner,

especially in regions with already compromised health and socioeconomic systems.

In conclusion, to develop a global health perspective on a pandemic, the first step could be

to use of simple modeling techniques to depict a broad global picture of the disease’s dynamics,

that allow us to properly identify areas with high-risk due to high dynamic of the disease.

Farr’s law seems to be a useful model to give an overview of COVID-19 pandemic dynamics.

The regions with high dynamics are countries from Africa and Latin America. Thus, this is a

call to urgently prioritize actions in those countries to intensify surveillance and re-allocate

resources based on multi-nation collaboration to limit onward transmission and to reduce the
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future impact on these regions. Close monitoring of epidemic dynamics is needed to ensure

correct worldwide policy interventions and to be prepared for an eventual COVID-19 second

wave.
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