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Abstract

The coronavirus disease 2019 (COVID-19), caused by severe acute respirato-
ry syndrome coronavirus 2 (SARS-CoV-2), dates back to December 29, 2019,
in Wuhan, China. It quickly spreads like wildfire to all continents in the fol-
lowing months. In Guinea, the first case of COVID-19 and death were all re-
ported respectively on March 12 and April 16, 2020. Since then, several stu-
dies have found a relationship between certain environmental conditions
such as the meteorological factors to have the potential of contributing to the
spread of the virus. Thus, this study aims at examining the extent to which
observed meteorological factors might have contributed to the spread of the
coronavirus disease 2019 (COVID-19) cases in Conakry, from March 1 to
May 31, 2020. Meteorological factors such as temperature (Tmin, Tmen and
Tnax) and relative humidity (RHumin, RHmean and RHpay) were analyzed together
with the data on the COVID-19. The dynamic of the COVID-19 in Guinea
was analyzed along with that of some west African countries. The analysis on
the dynamic of the COVID-19 pandemic in West Africa indicated Guinea as
one of the most affected countries by the pandemic after Nigeria and Ghana.
The study found that in general an increase in the temperature is linked to a
decline in the COVID-19 number of cases and deaths, while an increase in
the humidity is positively correlated to the number of cases and deaths. Nev-
ertheless, from this study it was also observed that low temperature, mild di-
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urnal temperature and high humidity are likely to favor its transmission. The
study therefore, recommends that habitations and hospital rooms should be
kept in relatively low humidity and relatively higher temperature to minimize
the spread of the (SARS-CoV-2).
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1. Introduction

In December 2019, pneumonia of an unknown cause was detected in Wuhan,
China and reported to the World Health Organization (WHO, hereafter) coun-
try office in China. The outbreak was declared as a Public Health Emergency of
International Concern (PHEIC), on January 30, 2020 and finally on February 11,
2020, considering the strain and the widespread of the disease worldwide, the
world health organization (WHO) categorized the new disease as pandemic after
naming it as Corona Virus Disease: COVID-19 (COVID-19, hereafter). Since
then, several studies have been undertaken to understand the cause of the dis-
ease. Scholars such as [1] [2] [3] [4] indicated that COVID-19, was caused by a
severe acute respiratory syndrome, coronavirus 2 (SARS-CoV-2). COVID-19 is
an acute respiratory disease which may lead to pneumonia with symptoms such
as fever, cough and dyspnea [5] and has an approximate fatality rate of 2% to 3%
[6]. The SARS-CoV particle is represented in Figure 1 below COVID-19 be-
longing to the Coronaviridae family, Nidovirales order [7].

The COVID-19 has presented and confronted the world with huge challenges
adding on the already unbearable existent ones. The world is currently in face of
several crises due to the COVID-19, among others, the health crisis, education
crisis, employment and economic crisis, crisis of hunger and poverty and, in
some countries, a crisis of governance and political stability that need more
coordinated efforts to overcome them.

For developing countries in Africa with much larger populations at risk, fewer
resources and less coping capacity, the pressure to develop effective responses,
and deliver them at scale is tremendous.

As countries strive to deal with the economic impacts and other challenges
related to the management of the COVID-19 pandemic, there is an urgent need
for new evidence and research to improve our understanding of the meteorolog-
ical factors that might play a role of multiplier in the spread of the COVID-19 in
order to provide appropriate policy responses. The COVID-19 has resulted in an
ongoing pandemic after its spread to other continents and regions.

Consequently, COVID-19 has attracted the interest of scholars and research-
ers worldwide. However, the focus on the subject differed according to the dis-
cipline and research interest of the authors. First and foremost, the most impor-

tant thing to determine by many was to confirm the human-to-human transmis-
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sibility of COVID-19 [8] [9]. Then from these researches, evidences were estab-
lished on the way in which, the transmission happened (close contact, most often
via small droplets produced during talking, sneezing or coughing). However, sev-
eral containment measures have been recommended by the WHO to reduce the
chances of infection, among others, the education on keeping the social distancing
and wearing facemasks to prevent contact with body fluids and sneezing droplets.

From December to March 11, 2020, the WHO reported 118,319 confirmed
cases and 4292 deaths worldwide [10] and declared as global pandemic on the
same day [11]. On March 28, 2020, a total of 571,678 confirmed COVID-19 cas-
es and 26,494 deaths have been reported worldwide [12]. In addition, on April
17, 2020 and as of April 24, 2020, 553,926 new cases of the coronavirus disease
(in accordance with the applied case definition in the countries) have been re-
ported, including 45,409 new deaths [13]. With the current trajectory of the
COVID-19 outbreak, medical measures and public health will both be needed to
contain the spread of the COVID-19 and to improve patient outcomes [7].
Figure 1 exhibits a representation of SARS-CoV particle [14]. COVID-19 be-
longs to the Coronaviridae family, Nidovirales order [7].

Figure 2 exhibits the history of coronavirus nomenclature during the three
zoonotic outbreaks in relation to virus taxonomy and diseases caused by these
viruses [2], by WHO. The Middle East Respiratory Syndrome (MERS) was dis-
covered in 2012, followed thereafter by Severe Acute Respiratory Syndrome
(SARS) in 2013. In December 2019, a virus with same characteristics was de-
tected in Wuhan, China. Since the virus which was given the name of COVID-19

is reported to have been originated from wild animals, even though the precise
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Figure 1. Representation of the severe acute respiratory syndrome coronavirus (SARS-CoV)
particle [14].
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Figure 2. History of coronavirus naming in relationship to virus taxonomy and diseases
caused by these viruses [2].

origin remains uncertain [15] [16].

1.1. COVID-19 in West African Countries

Since the outbreak of the COVID-19, it has rapidly evolved, affecting other parts
of the world, and the sub-Saharan Africa. Researchers have striven to under-
stand the patterns and dynamic of the virus, its transmission and impacts. Nige-
ria and Senegal were the west African countries to record the first confirmed
cases of COVID-19 [7]. Guinea and Ivory Coast pronounced their first con-
firmed human cases of COVID-19 as the viral infection has now spread to at
least 10 countries in West Africa [17] [18].

1.2. COVID-19 in Conakry, Republic of Guinea

According to the National Agency for Health Security (NAHS, hereafter) of
Guinea, the first case of COVID-19 and death were recorded in Conakry, re-
spectively on March 12, and March 16, 2020. By May 13, 2020, the COVID-19
confirmed cases in Guinea were totalling 5260, from which 4115 were declared
recovered and the total number of deaths was as high as 29. The total remaining
active cases on the same date were 1076 (see Table 1).

Figure 3 exhibits the spatial distribution of confirmed cases of COVID-19 in the
city of Conakry per day provided by the NAHS report of April 3, 2020. This figure
explains the contagion range in percentage per commune of Conakry. It is Rato-
ma’s council which has the highest percentage of contagion in Conakry with 51%
up to now. Indeed, the main objective of this study is to analyze the COVID-19
evolution and its relationship to climate parameters such as temperature (Tpmin,
Tmean and Trax) and relative humidity (RHmin, RHmean and RHpax) in Conakry.

The transmission of viruses can be affected by many factors, including climate
conditions, population density and medical care quality [19]. Weather condi-
tions such as temperature and relative humidity can affect the transmission and
virulence of viruses by impacting virus growth and host defense systems, and
these effects have been studied extensively [20] [21] [22] [23]. It has been docu-
mented that the temperature and its variations might have affected the SARS
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Table 1. Reported cases and deaths by country, territory, or conveyance June 27, 2020 [27].

All Europe North America Asia South America Africa Oceania
Country, Total New Total New Total Active Serious, Tot Cases/ Deaths/ Total Tests/ Population
u
Other Cases Cases Deaths Deaths Recovered Cases Critical 1Mpop 1Mpop Tests 1M pop 4
Africa 366,090 +3474 9438 +121 177,365 179,287 904
South
1 Afri 124,590 2340 64,111 58,139 539 2101 39 1,493,104 25,180 59,297,807
rica
2 Egypt 63,923 +1168 2708 +88 17,140 44,075 41 625 26 135,000 1320 102,299,983
3 Nigeria 23,298 554 8253 14,491 7 113 3 125,090 607 206,032,229
4 Ghana 16,431 +597 103 12,257 4071 6 529 3 286,453 9222 31,060,677
5 Algeria 12,968 +283 892 +7 9202 2874 48 296 20 43,837,260
6 Cameroon 12,592 313 10,100 2179 52 475 12 26,531,939
7 Morocco 11,877 +244 220 +2 8723 2934 7 322 6 633,494 17,166 36,904,364
8 Sudan 9257 572 4014 4671 211 13 401 9 43,828,543
9 Ivory Coast 8739 64 3587 5088 331 2 50,914 1,931 26,364,556
10 DRC 6690 +138 153 +4 937 5600 75 2 89,495,791
11 Senegal 6459 +105 102 +4 4255 2102 26 386 6 76,303 4560 16,734,279
12 Kenya 5811 +278 +4 1936 3734 18 180 3 162,478 3023 53,748,171
13 Ethiopia 5570 +145 94 +5 2015 3461 34 48 0.8 243,016 2115 114,903,773
14 Guinea 5260 29 4155 1076 24 401 2 14,407 1098 13,124,855
Conakry: 90 % of COVID-19 cases c( N
e A
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Figure 3. Spatial distribution of daily confirmed cases of COVID-19 in Conakry city ac-
cording to the NAHS report on April 3rd, 2020 [26].

outbreaks [24]. Therefore, meteorological factors, such as ambient temperature

and humidity, might play an important role in the spread of the disease [25].

Despite the fact, Guinea was along with Liberia and Sierra Leone, the three (3)
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countries of West Africa strongly affected by the Ebola virus disease resulting in
11,310 deaths out of 28,616 confirmed cases, very little study existed in Guinea
pertaining to relationship between viral diseases in general and COVID-19 spe-
cifically with the climatic variables. Henceforth, this study aims to provide base-
line information that may be of help in understanding the pattern of the virus
transmission in relation to the climate in order to enable deciders and health
specialists to provide adequate guidance to the public.

However, the relationship between viral diseases and climate behavior is less
documented in our area of study (Conakry, Guinea) or nonexistent. It is in this
context, that we performed an analysis by studying the COVID-19 pandemic in
relationship to the climate in Guinea by considering the Conakry city. We use
minimum, maximum and mean temperature and minimum, maximum and
mean relative humidity as meteorological factors. This work is a novelty to re-
search in Guinea and a major contribution to helping climate-health specialists
understand the relationship between COVID-19 and the climate.

2. Study Area

This study was undertaken in Conakry, the capital city of Guinea (Figure 4).
Conakry is located in the coast between both the Atlantic Ocean and the Kakou-
lima mountain at 9°34'36" latitude North, and 13°36'43" longitude West, with an
altitude of 46 m above the sea level. Given that Conakry is a coastal zone that lies

0.000 5.(?00 10.(IJOO 15.900 20'?00 25.900
N | Conakry neighborhoods
(=3 (=3
(=3 (=3
S- LS
a 2
(=3 (=3
(=3 (=3
=3 FS
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(=3 (=3
=g + + + FS
“ [ Conakry neighborhoods| |
0 7 14 21 km
L 1 1 ]

8 s > Date: juin 2020 S
S SCR: WGS84/ UTMZONE 28N | S
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0.000 5.000 10.000 15.000 20.000 25.000

Figure 4. Location map of Conakry in Republic of Guinea.
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between the Atlantic Ocean and the Kakoulima Mountain range, which forms a
barrier and promotes the Foehn phenomenon [28]. Foehn is a warm dry wind
blowing upstream of a mountain and cools off overcoming this one. It can be
favorable to the initiation of convection.

After the cases of COVID-19 skyrocketed, showing that it was no longer
possible to contain the spread of the disease, the governments of many countries
launched mitigation strategies, trying to slow down or contain the spread of the
epidemic and flatten its curve [20]. This is explained by the rapid response of the
government through the NAHS to very quickly confined Conakry, in order to

control and mitigate the spread of the virus across the country.

3. Data Acquisition and Method
3.1. Data Acquisition

The climatic data used in this study were obtained from the National Meteoro-
logical Service of Guinea (NMSG). Observed meteorological factors such as
temperature and relative humidity from March 1 to May 31, 2020 were consi-
dered. The location of this synoptic station at the international airport of Cona-
kry makes the data set uninterrupted and of good quality.

The COVID-19 data used were obtained from the European Center for Dis-
ease Prevention and Control (ECDC), official website [29]. The downloadable
data file is updated daily and contains the latest available public data on
COVID-19. Each row/entry contains the number of new cases reported per day
and per country. The data concern the cases recorded every day including: the
number of new cases of COVID-19 confirmed by NAHS; the number of deaths

and the number of recovering cases.

3.2. Method

Our study focused on the trend of COVID-19 and its relationship with some
meteorological parameters from March 1 to May 31, 2020. For the climatic data,
the monthly minimum, maximum and mean temperature and minimum, max-
imum and mean relative humidity are the averaged based on daily parameters
obtained from March to May. The daily average minimum, maximum and mean
were calculated by averaging the daily minimum and maximum temperatures.
The same method is applied for the relative humidity to obtain the daily average.
MATLAB and the statistical package of R software were used to perform all
computational tasks in this work.

First of all, we analyzed the situation pandemic in West Africa by cumulating
the confirmed cases of COVID-19 in the sub-region. This analysis allows us to
see the COVID-19 evolution in West Africa between March 1and May 31, 2020.
Indeed, it allows likewise to identify countries which recorded lower and highest
confirmed cases of COVID-19 in West Africa.

Secondly, we focus on our study area which is Conakry to do the same me-
thod on COVID-19 and death cases. This analysis allows to identify the days
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where lower and highest confirmed cases of COVID-19 and deaths are recorded
in Conakry, Guinea.

Third, we analyze the relationship between meteorological factors (tempera-
ture and relative humidity) and the daily confirmed cases counts of COVID-19
from the correlation of Pearson. The correlation coefficients allow us to deter-
mine the links between both parameters. We normalize all parameters and
COVID-19 data to analyze their relation. In addition, we calculated the correla-
tion between:

e COVID-19 and minimum temperature (T, hereafter),

e COVID-19 relative humidity minimum (RHu, hereafter),

e COVID-19 and maximum temperature (T, hereafter),

e COVID-19 and relative humidity maximum (RH.y, hereafter),
e COVID-19 and mean temperature (Toen, hereafter),

¢ COVID-19 and relative humidity mean (RHmean, hereafter).

Fourth, we analyze also the relationship between COVID-19 and meteorolog-
ical factors by the multi-linear regression model. In statistics, multiple linear re-
gression is a mathematical regression method extending simple linear regression
to describe the variations of an endogenous variable associated with the varia-
tions of several exogenous variables.

The multi-linear regression model is also used to describe relationships be-
tween variables by fitting a line to the observed data. The regression allows esti-
mating how a dependent variable changes as the independent variable(s) change.
This technique is applied to estimate the relationship between two or more in-
dependent variables such as temperature (Tmin, Tmex and Trean), relative humidity
(RHimin» RHimax and RHpean), and one dependent variable which is the observed
COVID-19 cases.

To be able to provide multi-linear regression analysis, R-package’s program-
ming language was employed to conduct a numerical code. The relationship
between climate variables and COVID-19 spread is then assessed for the Lmrob
is non-parametric simple linear regression method based on MM-estimator for
linear regression models. The procedure proposed in the algorithm has been im-
plemented in the R-package “robust-base” and provides different robust regres-

sion techniques, as well as robust univariate and multivariate methods.

3.3. Statistical Analysis

Several calculated techniques of correlation exist such as Pearson, Spearman or
Kendall were adopted to explore the relationship between two variables. For this
study we used Pearson method. Pearson correlation measures the existence
(given by a p-value) and strength (given by the coefficient r between —1 and +1)
of a linear relationship between two variables [30].

The relationship (or the correlation) between the two variables is denoted by
the letter r and quantified with a number, which varies between —1 and +1 [31].

Pearson method considers the relationship between two sets of variables X (in-
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dependent) and Y (dependent). This method was applied to statistically deter-
minate the relationship between COVID-19 and meteorological factors. Ac-
cording to [32] an absolute value of r of 0.1 is classified as small, an absolute
value of 0.3 is classified as medium and of 0.5 is classified as large. The Pearson

Correlation Coefficient r is given as:

r(x,y)=%i-—(x‘ - ).(ayi s M

£ <Oy

Q| >

where:

e ris Pearson correlation coefficient between xand y;
e Nis the number of pairs of the measurement;

e X equalsto Mean of xvariable;

e Y equals to Mean of yvariable;

e o and o, are standard Deviation of xand y calculated as;

2

X

e o, equalsto (x -%)° and o, equalsto (y,—Y)

4. Results

In this section the COVID-19 trend from March 1 to May 31, 2020 in the West

African region which comprises the Republic of Guinea is depicted.

4.1. Evolution of COVID-19 in West Africa

Figure 5 shows a sharp increase in the accumulated, cases of COVID-19 in West
Africa countries from March 1 to May 31, 2020. This quick increase is mainly

noted for Ivory Coast, Senegal, Guinea, Ghana and Nigeria varying from 1500
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Figure 5. Cumulative numbers of confirmed cases of COVID-19 in West Africa between March 1 to May 31, 2020.
The x-axis and y-axis are respectively days and confirmed cases.
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to 10,000 confirmed cases on May 31. In Sierra Leone, Burkina-Faso, Niger and
Mali, low confirmed cases recorded rating from 500 to 1500 cases on May 31.
However, the lowest increases of confirmed cases were identified in Gambia,
Mauritania, Togo, Benin, Cape-Verde and Liberia in both the daily new cases
and total confirmed cases during the studied period. Nigeria has the highest
confirmed cases (9587), followed by Ghana (7768), Guinea (3706), Senegal
(3535), Ivory Coast (2799). Mali, Niger, Burkina-Faso and Sierra Leone recorded
respectively 1230, 956, 853 and 852 confirmed cases of COVID-19 and Gambia
has the lowest cases number of confirmed cases (11). The number of recorded
cases in Guinea during the study period was estimated to 3706 confirmed cases.

During the first week of March 2020, 4 confirmed cases were recorded in Se-
negal and 1 confirmed case in Togo was observed. During the second week,
starting from March 14, 2020 a total of 132, 79 and 69 confirmed cases until the
end of the third week were recorded respectively in Ghana, Senegal and Burkina
Faso. During the last week of March, the confirmed cases number have exceeded
140 in Burkina Faso (216 cases), Ivory Coast (168 cases), Senegal (159 cases),
Cameroun (142 cases) and Nigeria (140 cases). Therefore, during the month of
March, the highest confirmed cases in the western Africa were recorded by des-
cending order in Burkina-Faso, Ivory Coast, Senegal, Cameroun and Nigeria.

During the first week of April 2020, an upward trend was observed in the con-
firmed cases in Niger (233 cases), Ivory Coast (155 cases), Burkina-Faso (142
cases), Guinea (112 cases), Nigeria (107 cases), Senegal (64 cases) and Sierra
Leone (11 cases). Therefore, Senegal and Sierra Leone have relatively the lowest
increment in the number of recorded confirmed cases. From the second week to
the last week of April, the trend remains in the number of confirmed cases
strongly increased in most of the west African countries in general like Nigeria
(1330 cases), Ivory Coast (1070 cases), Senegal (720 cases), Niger (693 cases),
Burkina-Faso (419 cases) and particularly in Guinea (1335 cases).

During the first week of May 2020, we have observed that the trend of con-
firmed cases was still increasing with reaching a pic of 2500 cases, in Nigeria and
Ghana, Guinea (1750 cases), Ivory Coast (1500 cases), and Senegal (1400 cases).
This positive trend in numbers of recorded confirmed cases persisted in these
countries until the end of May. Nevertheless, the slope of the trend was different
from one country to another, resulting in the level of which the given country is
affected by the COVID-19.

4.2. Evolution of COVID-19 in Conakry

4.2.1. Total COVID-19 Infected Confirmed and Death Cases

Figure 6 shows the evolution curve of COVID-19 recorded confirmed cases
(Figure 6(a)) and the number of recorded deaths due to COVID-19 (Figure
6(b)) from March 1 to May 31, 2020 in Conakry, Guinea. Figure 6(a) shows an
increasing trend of COVID-19. The first case of COVID-19 was recorded by the
NAHS of Guinea 19 on March 12, 2020. This means that in the first 11 days of
the March month, Guinea had zero confirmed cases up to March 12, 2020. The
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Figure 6. Cumulative numbers of confirmed cases: (a) and (b) corresponds respectively COVID-19 and
Death cases curves evolution in Conakry (Republic of Guinea) between March 1 and May 31, 2020.

second confirmed cases were recorded on March 20 and the number kept in-
creasing to reach a total of 16 confirmed cases by the end of March 2020.

During the first week of April 2020, the number of cases increased from 16 to
100 confirmed cases. The same trend continues during the second week to reach
a pic of 1351 cases. The month of May is characterized by an unprecedented and
alarming increase in the number of COVID-19 confirmed cases. The confirmed
cases drastically increased from 1351 to 1750, during the first week of May 2020.
This trend continues to reach the pic of 3706 confirmed cases, which positioned
Guinea among the most affected west African countries.

Figure 6(b) presents evolution curve of death cases recorded in Conakry due
to COVID-19 between March and May 2020. As per see Figure 6(b), the whole
of March, despite the slight increase in the number of confirmed cases recorded
no deaths due to COVID-19. The first death of COVID-19 in Conakry was rec-
orded on April 16, 2020, and the highest case is 15 recorded on May 31, 2020.
The last two weeks of April and May between 16 and the end of month respec-
tively are marked by a trend increasing of death cases. The highest number of
death cases per day was 7, recorded from April 26 to April 30.

The month of May was identified having the highest morbidity and mortality
due to COVID-19, with a minimum of 2 recorded cases per day throughout the
month, except on May 2 and May 4.

4.3. Relationship between COVID-19 and Meteorological Factors
(Temperature, Relative Humidity)

Meteorological factors as relative humidity and temperature have been reported
to play a significant role in the seasonal spread of coronaviruses as indicated [33]

[34], in China. This section shows the relationship of meteorological factors with
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COVID-19 CASE

COVID-19 in Guinea between March 1 and April 30, 2020.

4.3.1. COVID-19 and Meteorological Factors (Tmean and RHmean)

Figure 7 shows the anomalies of daily confirmed cases of COVID-19 and mean
temperature (black curve) in the study period in Conakry, Republic of Guinea.
This figure shows the evolution of COVID-19 and Tpean curve with different be-
havior. We noticed that the trend of COVID-19 curve is increasing while that of
temperature is decreasing. Our findings are confirmed by a very weak negative
correlation coefficient value (r = —0.29, p-value = 0.00468), which means that
these two parameters are anti-correlated.

Figure 7 shows likewise, the relationship between confirmed cases of COVID-19
and mean relative humidity in Conakry. We observed that the two parameters
evolve together in the same direction with an increasing trend. This relationship
is depicted by the weak but positive Pearson correlation coefficient (r = 0.36),
which implies that as the RHen highest, the number of cases increases. Like-

wise, if the RH nean lowers, the number of confirmed cases decreases.

4.3.2. COVID-19 and Meteorological Factors (Tmin and RHmin)

Figure 8 shows the anomalies of daily confirmed cases of COVID-19 pandemic
and meteorological factors (Tmin, RHmin) in the study in Conakry. In this figure,
the behavior of COVID-19 (curve red) is decreasing, while that for Tum (black
curve) evolves differently. We noticed also an opposition of behavior from 19%
to 27" day and the correlation (r) coefficient value between COVID-19 and Ty is
r = —0.12 which is relatively low. These results indicate that the relationship be-
tween the confirmed cases of COVID-19 and Ty is anti-correlated. In other
words, confirmed cases of COVID-19 are opposed proportionally to the mini-

mum temperature.

T T T T T 4 14
—COVID-19 r(COVID,Tmean)=-0.29
- =——Tmean r(COVID,RH.,)=0.36 13 13
_RHmean 3
G 12 £
-
L3
g 10 T
&« w
o 112
& <
= 12g@
-4
1-3
1 . . 1 1 1 4 -4
5 10 15 20 25 30
DAYS

Figure 7. Anomalies of COVID-19, mean relative humidity (RHmen) and mean temperature
(Tmean) in Conakry. The red, black and blue curve are respectively COVID-19 cases, Tmean and
RHimean from March 1 to May 31, 2020.
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Figure 8. Anomalies of COVID-19, minimum relative humidity (RHmin) and minimum
temperature (Tmin) in Conakry. The red, black and blue curve are respectively COVID-19
cases, Tmin and RHmin from March 1 to May 31, 2020.
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Figure 9. Anomalies of COVID-19, minimum Relative Humidity (RHmax) and minimum
temperature (Tmax) in Conakry. The red, black and blue curve are respectively COVID-19
cases, Tmax and RHmax from March 1 to May 31, 2020.

Figure 8, shows that both COVID-19 number of cases and relative humidity
evolves in the same direction with significant pearson correlation coefficient (r =
0.37%*) at 95% confidence level. On the contrary, a negative correlation was ob-

served between the COVID-19 number of cases and the temperature (r = —0.12).

4.3.3. COVID-19 and Meteorological Factors (Tmax and RHmax)

Figure 9 exhibits the anomalies of daily confirmed cases of COVID-19 and me-
teorological factors (Tmax, RHma) in Conakry. We noticed that the trend of
COVID-19 curve is increasing while that of Th.y is decreasing. This result is con-
firmed by the negative correlation (r) coefficient value equal to —0.36, which

means that these two parameters are anti-correlated.
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Between COVID-19 and RHu.x, we observed in Figure 9 that they evolve to-
gether in the same direction with except for the last week of the month. The
correlation coefficient value is somewhat positive (r = 0.33) and relatively low,

this means that they are correlated.

4.3.4. Correlation Matrix between COVID-19 and Meteorological Factors

Figure 10 summarizes the relationship between confirmed cases of COVID-19
and meteorological factors in Conakry. It shows an anti-correlation between
COVID-19 and Thean (r = =0.29%*), Tpyin (r = =0.12*), Tpax (r = —0.36**). But be-
tween COVID-19 and RHpean (r = 0.36**), Tppin (r = 0.37%*) and Tiex (r = 0.33%%),
Figure 10 indicates a positive correlation.

We observed that those Pearson coefficients of correlation are significant with
p-values < 0.01. We noted that among these Pearson correlation coefficients:
Tmean> Tmax and RHmean, RHmin, RHmax are respectively anti-correlated and corre-
lated with p-value < 0.01. But, except the Twin which is not significantly (*) an-
ti-correlated with COVID-19.

4.3.5. Analysis of the Relationship between COVID-19 and Climate Va-
riables Using a Multi-Regression Model

Figure 11 shows statistically significant relationship between confirmed COVID-19
and multiple climate variables such as the temperature, humidity (Tmeans> Tmin»
Tmax RHmeans RHmin and RHpmax). Linear trends are estimated using a robust and
non-parametric regression model and corresponding Pearson correlation coeffi-
cients values (r) are added for each climate variable contributions. These results

imply that in Guinea, the COVID-19 transmission is somewhat influenced by a

Correlogram of COVID-19 vs Meteorological Factors
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RH,,, | 0.42 0.38
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Figure 10. Correlation matrix depicting the strength of the association between
COVID-19 number of cases and meteorological factors. We consider the area framed in
black.
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Figure 11. Contribution of climate parameters to COVID-19 transmission between
March 1 and May 31, 2020, Conakry. For each climate variable, the relationship between
the number of COVID-19 cases (x-axis) versus temperature Tmean, Tmin, Tmax, RHmean,
RHmin and RHmax. A star symbols are added when the correlation is significant: ***for
p-value < 0.01, ** for p-value < 0.05 and * for p-value < 0.1.

decrease of temperature associated with an increase of humidity.

5. Discussions

This study is the first of its kind that has been undertaken in Guinea in general
and in Conakry particularly. Our results indicated that COVID-19 transmission
may be affected by meteorological factors like temperature (minimum, maxi-
mum and mean) and relative humidity (minimum, maximum and mean). A
weak negative correlation was obtained between COVID-19 and Tmean> Tmin> Trmax
in one hand and a positive correlation on the other hand between COVID-19
and RH ean, RHimin, RHimax.

The negative correlation value between COVID-19 and T implies that as
the temperature lower, the number of cases increases. This result is consistent
with previous studies done by [35] [36] [37] [38]. It is observed that when Tean
increases, the number of COVID-19 cases decreases drastically. The same ob-
servation was made previously by [39] and [38] over on Turkey. Pirouz et al
(2020) also have the same conclusion from the correlation of Tpe.n with the
COVID-19 cases in Iran and Italy. The findings of [40] on climate indicators
have shown that temperature serves as a driver for the COVID-19, for our study
case it is Trean.

The positive correlation value obtained between COVID-19 and RH ean means
that they evolve together, therefore are likewise proportional. Auler ef al. (2020)
[41] also came to the same conclusion over the Brazilian cities, indicating a posi-

tive correlation between humidity and the COVID-19 transmission. This deduc-
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tion is consistent with [42] that explained the spread of COVID-19 in provinces
by the high population density, intra-provincial movements of population but
most importantly by the high humidity.

From the results, the relationship between Ty, and COVID-19 showed a neg-
ative correlation coefficient. Therefore, when Ty, increase this correspond to a
decreasing of COVID-19 in Conakry. It agrees with [40] who shown on Iran and
Italy that, the regions with lower average daily temperature had a higher epi-
demic level of the new coronavirus (COVID-19) like [43] in New York City. It can
allow us to deduce that a minimum temperature correlated with COVID-19 be
could be a factor in the spread of COVID-19 in Conakry, Guinea. This deduc-
tion is coherent with [43] and [44] have concluded that the countries currently
suffering most from the disease (COVID-19) are mostly located in the regions
with low temperatures. Then, [25] [44] [45] [46] [47] [48] are unanimous on the
fact that weather with low temperature favors its transmission.

The relationship between COVID-19 and T..x exhibits a behanvior opposed.
That is means that the trend of COVID-19 is increasing while that of Ty is de-
creasing, therefore they are anti-correlated. This is agreed with [39] and [38].
Poole, (2020) [39] explains that the high Tnean (Tmax) Seems to lead to the reduc-
tion of the number of COVID-19 cases. Sahin et al (2020) [38] indicates that a
maximum temperature correlated with COVID-19 would be useful in suppress-
ing COVID-19.

Considering COVID-19 and RH.x, we obtained a positive correlation coeffi-
cient. This idea agrees with the works of [42] on Iran, who have indicated that
the province’s towns are more susceptible to COVID-19’s infection because of
the high humidity rate. Ma et al (2020) [1] suggested that humidity would play
an important role in mortality rate from COVID-19, which means clearly that
high RH could be a factor in the spread of the COVID-19 in Conakry city.

The findings on the multi-regression model are consistent with some investi-
gations available in the literature [49], showing that temperature can hold no
significant associations with a cumulative incidence rate of COVID-19 and the
spreadability of COVID-19 would not change with increasing temperature.

To summarize, Liu, J et al, 2018 [25], Liu, J et al, 2020 [44], Tan et al, 2020
[45], Lin K et al, 2006 [46] and Park et al, 2020 [47] are unanimous on the fact
that a weather with low temperature, mild diurnal temperature range and high
humidity likely favor its transmission. Also, Lin J et al, 2020 [50] found that the
high humidity promotes COVID-19 transmission when the temperature is low

but reduces COVID-19 transmission when the temperature is high.

6. Conclusions

The aim of this study was to examine the relationship between coronavirus dis-
ease 2019 (COVID-19) cases and some meteorological factors such as tempera-
ture and relative humidity in Conakry, from March 1 to May 31, 2020 in order
to understand the extent to which they can contribute to the spread of the
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COVID-19 in the given geographic location.

Our analysis on West African countries exhibits a sharp increase of confirmed
cases from March 1 to May 31, 2020 in eight countries including Guinea, with
the highest confirmed cases recorded in Nigeria followed by Ghana and Guinea.
From the total number of confirmed cases, Guinea was one of the most affected
countries in the western part of Africa between March and May 2020. The
month of May was observed as the month with the highest morbidity and mor-
tality rate, recording a minimum of 2 deaths per day.

This study found that the Tmean, Tmin and Tne are anti-correlated with
COVID-19 confirmed cases in Conakry. The negative values of correlation asso-
ciated between COVID-19 and relative humidity show that when they are corre-
lated this could be a factor in the spread of the coronavirus until death follows in
Conakry. It also shows that the RHmean, RHmin and RHma are correlated with
COVID-19 indicating a positive correlation. Therefore, the high temperature
and high low relative humidity could be a factor in the reduced spread of the
COVID-19 cases in Conakry. It is assumed henceforth, from the correlation
analysis, that the increase in RHpean and Tmean could be the meteorological factors
among others explaining the climatic conditions favourable to the spread of
COVID-19 in Conakry city.

This study indicates that the epidemic might gradually increase as a result of
low temperatures summer in the coming months flowing the high humidity. But
the implementation of public health control measures and barrier gestures could
slow its spread. In our study, despite some coherences with others study between
meteorological factors and COVID-19, some limits are known. In the future
more variables will be needed to conduct a comprehensive study on the
COVID-19. A study considering other COVID-19 related factors such as social
distancing, people’s immunity, availability of health facility etc. might be of pa-
ramount importance.

The present study can be considered as a springboard for further researches
that strive to understand the relationship between meteorological parameters
and COVID-19 in Guinea and elsewhere. The study would have substantial im-
plications for directing COVID-19 surveillance activities, with a special attention
to the onset of the rainy season, a period in which the lowest temperature and
highest humidity are recorded in the country. The study recommends the inten-
sification of mass sensitization during this period. The study also recommends
that habitations and hospital rooms should be kept in relatively low humidity
and relatively higher temperature to minimize the spread of the (SARS-CoV-2).

In addition, epidemiologic modelling framework including climate could lead
to the development of an early warning system for COVID-19 in Guinea and

elsewhere.
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