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Seasonal Variations and Immune Responses: Any Succor for COVID-19 Pandemic in Nigeria
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Abstract

There is a global rise in the emergence of infectious diseases and the enigmatic coronavirus disease 2019
(COVID-19) being the most recent one. It is ravaging the world with little understanding of its etiology and
factors affecting its transmission dynamics. Meanwhile, seasonal variations in weather are major factors
impacting infectious disease transmission patterns. Developing countries are likely to be most affected by
weather changes, largely because of challenges such as inadequate drainage and sewage management
systems, healthcare facilities, education, and funding to efficiently mitigate infectious diseases. In Nigeria,
weather conditions alternate between rainy and dry seasons. Conditions such as rainfall, flood, and
humidity have been reported to influence infectious disease transmission. Thus, understanding the impact
of weather changes in transmission dynamics and immune response to COVID 19 will help in preventive
measures and policy making to curtail its spread most especially in Nigeria as the rainy season fully sets

in.
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Background

Change in weather is one of the factors predisposing the spread of infectious diseases[1, 2]. Since the
outbreak of the coronavirus disease 2019 (COVID-19) in Wuhan, Hubei Province of China, almost all
regions of the world are battling with the scourge; and its transmission is yet to diminish. The world has
been experiencing this viral spread over the past five months (December 2019 — May 2020); and most
countries have reported cases across gradually changing weather conditions. Initially, the outbreak began
in winter across several continents including Asia, Europe, America, and a few countries in Africa. With
time, spring setin, and gradually summer is approaching, yet a good number of COVID-19 cases have been
reported and still rising. In terms of experiencing COVID-19 cases across seasons, Nigeria is no exception
to this as the infection is gradually cutting across her two major seasons known as dry (harmattan) and
wet (rainy) seasons. The wet season spans April to October while dry season ranges from November to
March[3]. Nigeria’s COVID-19 index case was first reported on February 27, 2020, during the dry season.
Meanwhile, as of June 1, 2020, with a total number of 10578 COVID-19 cases, Nigeria is gradually being
ushered into the wet season.

Several studies revealed that certain viruses causing respiratory infections such as coronaviruses or
rhinovirus (RV) do so in the seasons in which they are most active especially in the spring and autumn(4].
Rory et al. recently reported the seasonality of viral activities by varying meteorological factors
(temperature, dew point, relative humidity, and humidity range)[5]. Dowell also reported the course of
infectious diseases may be dependent on weather/climate patterns, pathogen prevalence/virulence, or
host behavioral patterns [6]. It is noteworthy that a study conducted in Europe from 1950-2010 also
reported varying infectious diseases outbreaks as weather transcends from summer to winter and vice
versa [7]. Herein, the question remains if there be any link between changing weather on immune

response and transmission of COVID-19 in Nigeria?
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Update on the incidence of COVID-19 cases and weather report in Nigeria

Exactly 96 days, between late February and early June, since the index case of COVID-19 in Nigeria, several
cases have been reported in almost all states of the federation, including the federal capital territory (FCT).
According to Nigeria Center for Disease Control (NCDC), the country presently has a record of 10578 total
number of confirmed cases, 7157 total number of active cases, 299 total number of deaths, and 3122
total number of recovered cases. Based on the timeline of NCDC epidemiological reports, we can deduce
that COVID-19 incidence in Nigeria is being sustained across the dry and wet season. This informed our
quest to explore the possible link between transmission dynamics of COVID-19, weather seasonal changes
in Nigeria, and immune response preparedness.

We embarked on a 13-week survey culling Nigeria weather forecast data from the World Weather
Information Service of the World Meteorological Organization in collaboration with Nigerian
Meteorological Agency (NIMET) as well as COVID-19 case report from NCDC COVID-19 situation reports[8,
9]. Fluctuations in average weather temperatures were markedly experienced across the period of the
survey with the gradual plunging of the temperature mostly experienced around April and May (Figure 1).
However, this was met with a hyperbolic rise in the number of total COVID-19 confirmed cases and
recovery reported within the period (Figure 1). Within the reported period, average temperatures
gradually plummeted and this was accompanied by an upsurge in the rate of new infections, a modest

rise in recovery rates, while death rates remain low (Figure 2).

How changes in weather will affect host immune response to COVID-19 infection

Epidemiological data reveal that variations in temperature, rainfall, and humidity can have profound
impact on the transmission of infectious disease [10]. Meanwhile, accurate prediction on how climate
change will affect the transmission dynamics of viral infection is challenging due to the complexity of
interactions existing between nature and human activities. More so, there are diverging opinions on how

weather changes could affect the spread and management of COVID 19 to date. Nonetheless, yearly
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fluctuations in viral infection patterns observed in seasonal flu and previous epidemics such as yellow
fever provide some clue on the immune system’s ability to fight respiratory infection. It is important to
note that a host’s physiologic response towards any pathogen is stimulated by a cascade of immune
reactions that are dependent on the integrity of the immune system.

Several scientists have proposed the relationship between cold weather and disease onset, progression,
or its spreads via a negative influence on the immune system [11, 12]. Vitamin D deficiency due to
inadequate exposure to sunlight in winter or cold weather conditions has been linked to an increased rate
of viral infection from person to person [13]. Similarly, animal studies showed low ambient temperature
as seen in rainy weather attenuates immune responses [2, 12, 14]. Besides the current phased ease on
lockdown in Nigeria, during cold weather or rainy season, it is expected that people would spend more
time indoors and this has the potential of increasing close contact and spread of COVID-19 from person
to person within the family chain or neighborhood. On the contrary, this also has an advantage in
containing the virus spread within a confined area and ease the rigor of effective contact tracing.

Studies reported that antiviral defense responses of mouse and primary human airway epithelial cells
infected with RV, the common cold virus, are temperature-dependent [12, 15, 16]. It was observed that
the induction of ribonuclease L (RNase L) and interferon (IFN) stimulated genes in the epithelial airways
suppressed viral replication at a warm temperature. Temperature-dependent IFN release in response to
RV was mediated by mitochondrial antiviral-signaling proteins (MAVs), an essential protein for antiviral
innate immunity [16]. Importantly, it was observed that blockade of MAVs or IFN receptors in the infected
airway cells led to an increased rate of viral replication [15, 16]. Thus, these studies highlight the crucial
role played by host immune response in determining the replication, survival, or possible transmission of
respiratory tract related viral infection such as COVID-19; and how temperature modulates this crucial

role.
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Lavoy et al., reported the immunological changes that occur due to exercising in warm (hot) or cold
environments [17]. They expressed reductions in natural killer (NK) cell population and a concomitant
decrease in Type 1 (Th1) and Type 2 (Th2) cytokines that are responsible for combating pathogens
intracellularly and extracellularly in hot temperatures. Furthermore, cold temperatures bring about
increased mucus viscosity, ciliary activity reduction in the upper respiratory system, high levels of
corticosteroids and catecholamines stimulation of immune responses such as leukocytosis, inflammatory
mediators’ reduction, inflammatory cells adhesion molecules expression decrease [17]. Recent studies
have reported decreased population and impaired activity of lymphocytes, mainly NK and T cells to
correlate with disease severity in COVID-19 patients [18-20]. These indicate that COVID-19 infection can
interfere with antiviral immune responses. In light of this, an uninfected individual with reduced NK and
T cell numbers could be susceptible to SARS-CoV-2 and its complications if infected. This may contribute
to the increased human susceptibility to COVID-19 across various geographical regions.

In a related study, Jingui and colleagues reported a linear correlation between ambient temperature
and number of COVID-19 cases from 122 cities in China [21]. Their evidence had no support for mitigation
in transmission dynamics with changes in weather conditions. It is also important to note that preventive
measures to inactivate coronavirus on reusable medical devices to ensure the safety of scientists and
medical personnel having direct or indirect contact with infected patients/samples suggests near boiling
point temperature for the complete shutdown of SARS-CoV-2 nucleic acid [22].

We suggest that Nigerians should take individual measures to enhance their immune responses by
implementing diets rich in vitamins or other immune boosters in curtailing the spread of the virus. It is
therefore pertinent for a country like Nigeria gradually transiting into the rainy season to consider the
influence these changes in weather conditions could have on the transmission of COVID-19 or host

immune response to therapy of infected patients.
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Vitamin D deficiency and risk of COVID-19 infection

Vitamin D is a steroid hormone that regulates innate and adaptive immune responses [23]. It acts as an
immunomodaulatory, anti-inflammatory, antimicrobial and antioxidant agent that suppresses immune-
mediated disease progression [24]. Vitamin D receptors are well expressed by host respiratory epithelial
tissue and immune cells such as macrophages, monocytes, T, and B cells[25, 26]. Optimal serum vitamin
D mediates immune response to viral respiratory infections [26]. In COVID-19 patients, SAR-CoV-2 binds
ACE2) receptors in the respiratory tracts to induce the expression of surfactant associated protein B [27].
Previous knowledge revealed type Il pneumocytes as the primary targets of coronaviruses with high
expression of ACE2 receptors [28]. In COVID-19 patients, impairment of pneumocytes reduced surfactant
level with concomitantly increased surface tension in infected people [29].

Ironically, an element of weather — sunlight is the main source of vitamin D [30], which is inevitably
deficient in over 50% population worldwide [31]. 'Vitamin D deficiency is documented in various Nigerian
populations and such populations especially the elderly and immunocompromised patients are highly
susceptible to COVID-19 infection [32, 33]. Vitamin D deficient population such as the elderly [34] and
patients suffering from bronchiectasis or immunodeficiency disorders [23] are at high risk of contracting
COVID-19. In Chicago, data revealed over 50% of COVID-19 cases and approximately 70% of COVID-19
death were reported in African-Americans [35] who are at higher risk for vitamin D deficiency [36].

Vitamin D as an adjunct medication was highlighted recently as a promising therapeutic approach to
modulate body immune responses in fighting COVID-19 infection [13]. With the onset of rainy season in
Nigeria, sunlight source of vitamin D might be reduced and coupled with partial lockdown in various parts
of the country reducing citizen’s contact to this element. As such, there is a need to boost vitamin D levels
in our population thus boosting immunity of the populace against possible upsurge in COVID-19 as well

as other regular rainy season respiratory-tract infections.
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Potential benefits of vitamin C as an immune booster for COVID-19 infection

Vitamin C (ascorbic acid or ascorbate) is a water-soluble vitamin that mediates essential biological
processes. It possesses antioxidant, anti-inflammatory, anti-microbial, anti-viral and immunostimulatory
properties. Notably, it plays a key role in enhancing body’s immune function to resist or overcome
infection and even aids cancer therapy [37-39]. Studies have reported the role of vitamin C in promoting
the development, maturation of NK and T cells critical for immune responses against viral attack [40].
During infection, there is an enhanced turnover of vitamin C leading to its depletion in the infected person
and increased requirement for vitamin C depending on the severity of infection [41]. In severe conditions,
there is need for intravenous (1V) administration of vitamin C in gram doses to achieve sufficient amount
in host necessary to compensate for its lost [42]. The question remains if high doses of vitamin C can
prevent or augment treatment for COVID-19 in Nigeria?

Generally, vitamin C as an antioxidant agent inhibits reactive oxygen species production and cytokine
storm — a hallmark of acute respiratory disease syndrome (ARDS) thus protecting cells and tissues from
oxidative stress and dysfunction. In a study involving 29 patients with COVID-19 in Huangzhou, China, 93%
(27) of the patients expressed increased high sensitive C-reactive protein — a marker of oxidative stress
and inflammation in blood [43]. Another study in China reported that high doses (10-20g per day) IV
vitamin C for 8-10h was successful in the treatment of 50 moderate to severe COVID-19 patients [44].
Vitamin C reduced patient’s dependency on ventilators and all patients were eventually cured and
discharged. It is important to state that high-dose vitamin C has been clinically administered for several
decades and recently a team of NIH researchers documented that 1.5g/kg body weight is safe and without
any obvious toxicological effects [45].

An ongoing phase 2 clinical trial to investigate the effect of vitamin C infusion on COVID-19 patients in
Wuhan, China 2020 was registered on clincialtrials.gov (Identifier: NCT04264533). In this study, 140

infected patients would be treated with placebo control or IV vitamin C at a dose of 12g twice daily for 7
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days. The investigators would assess the requirement of the treated patients for ventilation, vasopressor
drugs, respiratory indexes, ICU length of stay, organ failure scores and 28-days mortality. More recently,
another clinical trial to commence in June, 2020 and end by May, 2021 was registered on clincialtrials.gov
(Identifier: NCT04344184). This study would involve 200 COVID-19 patients with acute lung injury in
Virginia, USA to be treated with either 5% dextrose or IV vitamin C at a dose of 300mg/kg daily for 3 days.
They would assess requirement for mechanical ventilation, acute—inflammation index, organ failure score
and 28-days mortality. Although clinical trials on investigating the role of vitamin C in COVID-19 are very
few and will not be completed soon, it will eventually provide relevant information on how vitamin C can
reduce symptoms of future viral outbreak(s).

The most important thing here is that high dose vitamin C is being used as an adjuvant therapy rather
than taking 500mg vitamin C and expecting a cure from COVID-19 infection. Presently, we do not know if
oral administration of vitamin C could prevent COVID-19, however, we advise all Nigerians especially the
healthcare personnel and people with health complications - who are at greater risk of getting infected to

implement daily intake of vitamin C as a nutritional supplement.

Lessons learned from COVID 19 to prevent future diseases like SARS and MERS in Nigeria
Until recently, there has not been an outbreak of coronaviruses in Nigeria and the country had her share
in the COVID-19 pandemic as the first country to report coronavirus case in sub-Saharan Africa [46].
Relatively to the increasing number of confirmed cases across different regions of the world, the pandemic
is taking its toll on almost all country’s healthcare systems. Nigeria has had to evoke an emergency
operation center that saw the need to upgrade its healthcare facilities and add to NCDC testing centers
network across the country to contain COVID-19 spread within her region.

SARS-CoV-2 is a member of the coronaviruses family responsible as well for severe acute respiratory

syndrome (SARS-CoV) and Middle East respiratory syndrome (MERS-CoV). SARS-CoV-2 spreads rapidly
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within the community compared to SARS-COV and MERS-CoV which are associated with hospital-acquired
infection[47]. Although COVID-19 fatality rate is lesser compared to SARS and MERS probably due to
decline in viral load of COVID-19 patients after the onset of symptoms and as infection progresses into
clinical manifestations [48]. However, COVID-19 is reported to be closely related to SARS and MERS based
on demographic features, radiological and laboratory outcomes [49-51]. In understanding the
pathogenicity of COVID-19, genomic analysis revealed that while COVID-19 and SARS share the same
human binding receptor — angiotensin-converting enzyme 2 (ACE2), MERS binds to dipeptidyl peptidase
4 (DPP4) to penetrates host cells[52, 53]. Further analysis on binding affinities of coronaviruses showed
that COVID-19 binds more efficiently to ACE2 receptor unlike the strains of SARS [52, 54, 55]. Could the
higher affinity of COVID-19 to ACE2 receptor greatly compromise immune response thus responsible for
its faster transmission in the community?

In a study involving young and aged cynomolgus macaques inoculated with clinical isolate of SARS-
CoV-2, it was observed that increased age failed to affect disease outcome, although there was extended
viral shedding in the upper respiratory tract of aged macaques [56]. After 4 days of viral inoculation, SARS-
COV-2 antigen was detected in ciliated epithelial cells of nasal mucosae which was not found in animals
infected with SARS-CoV [57] or MERS-COV [56]. COVID-19 was majorly resident and detected in the
respiratory tract airways as well as partly in the stool [58]; however, a recent study reported its presence
in the intestine[59]. Notably, increased viral shedding for SARS-COV-2 in the early days of infection is
similar to that of influenza [60] and could contribute to the challenges in case detection, contact tracing
and isolation of COVID-19 patients unlike the rapid success achieved in the control of SARS-COV [61].

Given the standard of hygiene in Nigeria and its environs that is incomparable to some developed and
other developing countries of the world, the Nigerian population might have developed innate and/or
adaptive immunity that favors resistance against certain pathogens and infections. Some other factors

such as diet, geographical location and genetics might elicit similar outcomes. This may partly explain the
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low severity of COVID-19 pandemic outbreak being experienced in Nigeria. However, the cases are yet
rising with community transmission and the events are becoming unpredictable. Considering this fact and
lessons learned from other coronaviruses family, Nigeria should strengthen preventive measures in the

healthcare institutions against COVID-19 unending spread.

Reflection on Nigeria weather and its impact on COVID-19 transmission

Nigeria, with a population of approximately 200 million, has had cases of emerging and reemerging viral
diseases[62]. This highlights the collective impacts of rapid population growth, social and environmental
factors, technological advancement, and other lifestyle changes as contributors to transmission dynamics.
Like in many other countries, sporadic outbreaks of viral infections have occurred with time in Nigeria.
The NCDC previously reported that the seasonality of Lassa fever virus and influenza outbreaks is
debatable as studies have attributed its rapid transmission to both wet and dry seasons[63]. However, a
flu-like respiratory infection has reemerged in the form of COVID-19, and it remains unclear how
seasonality modulates its transmission dynamics.

One may argue that seasonal flu and the COVID-19 infection are not the same, but it is also true that
both are caused by viruses that show a similar pattern for their survival. Reports showing direct person-
to-person or fomites transmission of COVID-19 have been established [64, 65]. Since the rainy season is
likely to keep more people indoors with increasing interactions, this raises a concern for what is to be
expected by our healthcare system should COVID-19 cases peak in the rainy season. During the rainy
season, there is the propensity of overcrowding in various spaces [such as filling stations, bus stations,
and other enclosed or partly enclosed public facilities] for shade to avoid getting drenched and protection
of valuables. This would be contrary to guidelines on social distancing. However, there is another

possibility of the rainy season discouraging free movement as many would prefer to be indoors, which
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might be a model of lockdown social distancing. The possible scenarios are two-faced and it is important

to understand these pointy ends.

As illustrated in figure 3, If the coronavirus infection surges rapidly, the healthcare system will be
overwhelmed and more healthcare workers will likely get infected thereby possibly reduce the number
of frontline workers to manage infected people [66]. Figure 3 indicates the importance to respond and
manage cases within our resources and healthcare system capacity. Our target should be to attain the
flattened curve and continue to keep the curve below the healthcare system capacity threshold to ensure
a continuous reduced number of cases over time [67]. These suggest the need to flatten the COVID-19
curve with robust and pragmatic preventive measures by both the policymakers and individuals when the

weather changes.

Concluding remarks and recommendation
From our perspectives, we predict an upsurge in COVID-19 transmission, but since the virus has not been
around for a complete season, scientists have warned against drawing a too-hasty conclusion, coupled
with the fact that seasonality is difficult to predict. Keeping track of COVID-19 cases over time as seasons
change could create a more accurate picture in appreciating the transmission dynamics of the virus.
Changes in weather constitute stressors that can modulate the interplay of infectious diseases,
geographical distribution and humans [68]. The seasonal variations may affect the disease vector,
pathogen or host [human] susceptibility [69, 70]. Temperatures and rainfall are weather conditions that
have strong influence on infectious disease outbreaks [70]. Although changes in weather conditions have
been implicated in the outbreak of several infectious diseases, the case appears to be different for COVID-
19. Bukhari and Jameel opined the unlikelihood of a weather-affected slowdown in COVID-19 spread in
the US and Europe as high number of cases have been reported across various weather conditions
(temperature and humidity) in these regions [71]. Partly, these observations hold way in Nigeria as COVID-

19 cases have been reported across her two weather seasons. However, its current transmission has a
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staggered pattern as rate of increase during the wet season tends to be higher in comparison to the dry
season. It was initially thought that if temperature and humidity patterns could affect COVID-19
transmission, then mitigation was at hand [72]. But as there is no particular pattern, we thought the
changes in weather conditions might be affecting host susceptibility via immune response rather than the
virus itself. COVID-19 geometric infectious spread among various populations with different weather
condition suggest its transmission dynamics could be independent of weather.

Nevertheless, changes in weather appear to be a crucial factor in COVID-19 transmission dynamics in
Nigeria. The ease of lockdown in the first week of May could have adjusted our outcome slightly, but we
strongly believe that compulsory “wear a mask” guideline may have nullified that effect. However, we
may not yet know the extent of what we have on our hands until Nigeria gets in the peak of the rainy
season. Just as the “winter is coming” cliché in a Box Office fictional movie — game of thrones- we would
like to adopt the same in expressing our narrative, “Rain is coming and it might be a very long night”.
Immunity boosters would be of utmost need in the face of COVID-19 pandemic as rainfall becomes intense

and steady in Nigeria in the coming weeks.
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Figure 1: Total distribution of COVID-19 pandemic and average weather temperature in Nigeria
between February 29 and May 28, 2020
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Figure 2: Daily distribution of COVID-19 pandemic and average weather temperature in Nigeria
between February 29 and May 28, 2020
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Figure 3: Projection of COVID-19 cases under two transmission models (A) high upsurge with
consequential fatalities and overwhelmed health care system (B) well manage transmission, reduced
fatality and mild impact on the healthcare system. As shown in curve A, we describe a projected higher
number of new active cases indicating a rate of transmission in communities lacking adequate preventive
measures. This can increase the steepness of the infection curve within a short time. Conversely, in curve
B, we project a flattened curve which indicates a slower transmission rate when adequate preventive
measures are implemented, leading to low numbers of active cases at any given time.
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