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Abstract There is recent evidence that suggests that there
are multiple strains of coronavirus in different parts of the
world. Moreover, scientist have noted multiple mutations
and postulated that these changes might increase the
infective rate of the virus. However literature on varying
severity of disease based on these strains is absent. In this
meta-analysis, we have made an attempt to correlate the
symptoms in different continents with respect to various
studied strains of virus. We searched three databases,
PubMed, EMBASE and EMCARE to identify studies
reporting symptoms of COVID-19. All articles published
between December 2019 and May 2020 was included in
this meta-analysis. A total of 56 studies consisted of 7310
patients were included in the meta-analysis. Mean age of
patients varied from 22 to 69.8 years. The pooled propor-
tion of male patients was 52%. Highest incidence of fever
(76%) and cough (56%) was noted in Chinese population.
Sore throat (29%) was most common in Asian population.
Upper respiratory tract symptom like Rhinorrhoea, Anos-
mia and dysgeusia (32%, 47% and 39%) were well docu-
mented in European population as compared to the other
continents. Nausea and diarrhoea were more common in
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European (17%, 19%) and Australian (12%, 16%) popu-
lation. Dyspnoea and fatigue were consistently similar in
all the continents. We postulate that different mutations in
COVID-19 virus may vary its pathogenicity and screening
symptoms across all the continents should be not be gen-
eralised but continent-specific.

Keywords Symptoms - COVID-19 - SARS-Cov2 -
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Introduction

Coronoviruses are important pathogens affecting humans
and animals. In December 2019, there was a cluster of
pneumonia cases identified in Wuhan, a city in the Hubei
Province of China. The causative organism was a novel
coronavirus. This virus was named in February 2020 by the
World Health Organization (WHO) as COVID-19.
COVID-19 infection has affected 200 countries and 6
million people as of May 2020. As per the WHO-China
joint mission report consisting of 55,924 patients, 80% had
mild to moderate disease, while 13.8% developed severe
disease and 6.1% required intensive care. It is also sug-
gested that severe events like mortality is mainly seen in
patients more than 60 years old with associated comor-
bidities including hypertension, diabetes, chronic respira-
tory and cardiac disorders or cancer. There are multiple
factors that make human beings susceptible to coronavirus.
Firstly, the human immune system is naive to the novel
virus making individuals vulnerable to infection. Secondly,
the RO (the basic reproductive ratio) varies from 2.2 to 3.9
[29] making the virus, highly transmissible. Finally, the
virus has a significant mortality rate ranging between 0.5
and 15% [65]. The biological susceptibility, infective rate
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and mortality are all important to understand and consider
for initiating appropriate public health planning. It has been
observed that the infective rate of this virus varied signif-
icantly in different parts of the world. This might be due to
the fact that lockdown measures taken by various govern-
ments were different or changes in the biological behavior
of the virus. With regards to the latter, there is recent
evidence that suggests that there are multiple strains of
coronavirus in different parts of the world. Moreover,
scientist have noted multiple mutations and postulated that
these changes might increase the infective rate of the virus.
Thus, there is emerging evidence regarding different strains
of coronavirus, however literature on varying severity of
disease based on these strains is absent. Therefore, we have
performed this single arm meta-analysis looking at the
severity of symptoms in different continents of the world.
As the virus is mainly transmitted as droplets through
upper aero-digestive tract, special emphasize is made on
the upper respiratory tract symptoms.

Materials and methods
Search strategy and selection criteria

PRISMA guidelines were followed while conducting this
meta-analysis [30]. We searched three databases, PubMed,
EMBASE and EMCARE to identify studies reporting
upper respiratory tract symptoms of COVID-19. All arti-
cles published between December 2019 and May 2020
were included in this meta-analysis. We used the following
search terms: “COVID-19”, “SARS-CoV-2” and “coron-
avirus” in conjunction with “otorhinolaryngological man-
ifestation” “ENT”, “ear” or oto, “nose” or nasal or
rhinorrhea, “throat’ or upper aerodigestive tract, “oral
cavity”, “pharynx”, “larynx”, “hearing”, “vertigo”,
“head and neck”, “taste”, “olfaction” and “symptoms”.
Boolean operators (NOT, AND, OR) were also used in
succession to narrow and broaden the search. The refer-
ences of all studies were also searched for any possible
additional publications. Case reports and paediatric studies
were excluded. Only those symptoms which had its men-
tion at least in one study from three different continents
were analysed. The literature search was screened by two
independent reviewers (MM and HS) and each study was
assessed for inclusion criteria. Any disagreement between
the primary reviewers was resolved by consulting a third
investigator (AP).

Data extraction and analysis

The data was extracted by three different authors (MM, AP
and HS) independently. The extracted data included first

author, publication time, study designs, city, number of
COVID-19 patients, mean or median age of patients,
clinical symptoms, computed tomography (CT) findings
and fatality of COVID-19 patients. The extracted data was
checked by another author (JS). All included literature was
evaluated using the Newcastle—Ottawa Scale (NOS) [51].
The highest quality of the literature was 9 stars and the
lowest O stars. It consists of 8 items with 3 subscales, and
the total maximum score of these 3 subsets is 9. An
overall score of > 7, 5-6 and < 4 is considered as low,
moderate, or high risk of bias respectively. Any disagree-
ment between two authors was resolved through discussion
with the third author.

Statistics

We performed data analyses using Stata version 12 (Sta-
taCorp. 2011. Stata Statistical Software: Release 12. Col-
lege Station, TX: StataCorp LP). A random-effects meta-
analysis was conducted to calculate pooled estimated
prevalence with 95% confidence intervals [3]. Subgroup
analysis of the symptoms was done based on the continent
where the study was conducted. I test was used for
assessing the heterogeneity between studies and values of
25%, 50%, and 75% suggested low, moderate, and high
heterogeneity, respectively [18].

Results

Based on our search strategy, 1325 publications were
evaluated. Of these, 431 publications had duplicate entries.
Among the remaining records, 692 were excluded after
screening their titles and abstracts (Fig. 1). We assessed the
eligibility of 202 full-text papers. In all, 56 studies con-
sisted of 7310 patients which were included in the meta-
analysis. Supplementary Table 1 summarizes characteris-
tics of included studies. We found six studies from Asia
(excluding China), one from Australia, nine studies from
Europe, three studies from United States of America and 37
studies from China. The number of patients included in
various eligible studies varied from 2 to 1099. Mean or
median age of patients varied from 22 to 69.8 years.
Among the included studies, one study had medical
workers only and two studies had pregnant women.

Pooled prevalence based on meta-analysis
The pooled proportion of male patients was 52%
(0.43-0.62). Among the eligible studies, 2 (3.57%) of 56

studies were rated as high risk of bias [11, 44], and 54
studies (96.42%) as moderate [1, 4, 5, 7-11, 13-17
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Fig. 1 Diagram shows process for selecting studies that were included in meta-analysis

, 19-25, 27, 28, 31-36, 38, 39, 41-48, 50, 52-59, 61-64]
risk of bias (Supplementary Table 1).

Comparison of various symptoms in different part
of the world (Supplementary Table 2)

Fever The highest incidence of fever was noted among the
Chinese population (76%) followed by Europe (56%).
Other continents like USA (34%), Asia (36%) and Aus-
tralia (37%) had a lower proportion of patients with fever
(Fig. 2).

Cough Patients in China (57%) and Europe (49%) had
higher incidence of cough closely followed by USA (38%).
Least amount of cough was seen in Asian (24%) population
(Fig. 3).

@ Springer

Fatigue Fatigue was reported in all the continents
ranging from 20 to 33% except for Australia which had
only 7% of the patients reporting the same.

Sore throat Asian patients had highest proportion of sore
throat (29%) but this symptom was least common in
Americans (7%). It is important to note that only 12% of
Chinese population had sore throat.

Dyspnoea This symptom was similar in all the conti-
nents with highest prevalence in China (22%) and least in
Asia (11%).

Rhinorrhoea, Anosmia and loss of taste These three
symptoms were common in Europe (32%, 47% and 39%)
followed by USA. However, a very low percentage of
patients in China (5%, 5%, 6%) and Asia (2%, 12%, 6%)
had this symptoms. Headache also had similar distribution
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Fig. 2 Pooled prevalence of generalized symptoms in COVID-19 positive patients as per different continents

and this was more common in Europe than any other
continent (Fig. 4).

Nausea and Diarrhoea Europe (17%, 19%) and Aus-
tralia (12%, 16%) had similar proportions of patients with
nausea and diarrhoea. These symptoms were uncommon
amongst Americans (6%, 7%) and Chinese (7%, 8%)
populations.

Comorbidities The highest number of hypertensive
(21%) and diabetic (8%) patients were seen in Chinese
populations followed by the rest of Asia (10%, 9%). A very
small percentage of patients had these comorbidities in
America (3%, 2%) and Europe (7%, 2%).

Changes in CT scan A significant number of patients in

America (92%) had changes identified on CT imaging,
while only 35% of the patients in Asia had CT changes. A
majority (82%) of COVID-19 infected Chinese patients
had CT changes (Fig. 5).

Heterogeneity in the meta-analysis
The variation across studies is assessed using 12 statistics
(Supplementary Table 2). There is significant inter-study

heterogeneity and variation across studies for most of the
symptom analysis.
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Fig. 3 Pooled prevalence of upper respiratory tract symptoms in COVID-19 positive patients as per different continents

Discussion

The enveloped RNA beta-coronavirus (Sarbecovirus sub-
genus) has multiple members and SARS-CoV-2 is the
seventh member of this subgroup [66] Members like

@ Springer

HKU1, NL63, OC43 and 229E cause mild symptoms,
while SARS-CoV-2, SARS-CoV and MERS-CoV can
cause severe disease [12]. The transmembrane spike
(S) glycoprotein mediates the entry of virus into the host
cells. The S protein consists of two domains: S1 for binding
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Fig. 4 Pooled prevalence of other respiratory tract symptoms in COVID-19 positive patients as per different continents

to the host cell receptor and S2 for fusion of the viral and
host membranes [49]. It is important to note that SARS-
CoV-2 uses the angiotensin converting enzyme 2 (ACE2)
to enter host cells [49]. The expression of ACE2 is mainly
in nasal epithelial cells and lung. Moreover, these receptors

were also seen in spermatogonia, leydig, sertoli, gastric,
duodenal, and rectal epithelial cells [50, 55, 65]. This
S-protein is one of the most variable genomic parts of the
virus and there is a possibility of positive selection in it
[50, 65]. Recent literature suggests the possibility of
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Fig. 5 Pooled prevalence of dyspnea and computed tomography (CT) changes in COVID-19 positive patients as per different continents

mutations in the novel coronavirus and presence of dif-
ferent strains of virus in different parts of the world. Inspite
of this diversity, it is not known whether these mutations
have any real functional impact on the pathogenicity of
SARS-CoV-2. We performed this meta-analysis to under-
stand whether there is any differential presentation of
symptoms in Covid-19 patients all around the world [26].

A study from Los Alamos National Laboratory sug-
gested there are fourteen mutations that are accumulating
in the Spike protein. These mutations may confer selective
advantage to the virus against an intervention. Among the
identified mutations, the Spike D614G mutation is of
immediate concern. It is postulated that a virus with this

@ Springer

mutation is spreading rapidly in Europe and other parts of
the world due to its high transmission rate, forming the
dominant virus in the environment. These mutations have
important implications for SARS-CoV-2 transmission,
pathogenesis and immune interventions. In North America,
infections were initiated with D614 but gradually by early
March G614 was introduced into both Canada and the
USA. Asian samples mainly had D614 original Wuhan
virus which is gradually changing to G614 and expanding.
As this mutation is in on the surface of the spike protein
protomer, where it can form contacts with the neighboring
protomer, it leads to high transmission rate [26]. Separate
research from the Clinical Research Center for Infectious
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Diseases in China suggested 6 diverse mutations in 11
patient viral isolates. They also found that these mutations
can lead to differential cytopathic effects and viral load as
high as 270-fold, when infecting Vero-E6 cells. Therefore,
it is possible that these mutations may bring changes in the
pathogenicity of the virus [60].

We found that most of the generalized symptoms like
fever, cough, and fatigue were commonest in China. The
World Health Organization—China Joint Mission report on
Coronavirus Disease 2019 based on 55,924 patients found
fever (88%) to be the commonest symptom. However
prevalence of fever was lower in Asian patients (36%) as
compared to other continents. Thus, the former dictum of
screening patients based only on fever would give far more
false negative results [37]. Higher frequency of sore throat
in the Asian population is almost on a par with fever and
thus, it could be an important symptom which needs to be
considered during screening. However, upper respiratory
tract infections like rhinorrhea, anosmia, loss of taste,
nausea and diarrhoea are more common in Europe. This
correlates well as ACE-2 receptors to which SARS-CoV2
virus binds, are mainly present at these upper respiratory
tract sites. As Europe is postulated to be infected with
G614 mutation which leads to higher viral load and
infection rate, these particular upper respiratory tract
symptoms are likely to be more common in Europe as
shown in our study.

CT changes in the lung are mainly absent during early
COVID-19 infection and scan changes may correlate with
the severity of the disease. Literature suggests that only 3%
of patients with severe COVID -19 infection have a normal
initial CXR or CT [16] in a series of 121 symptomatic
patients. CT scan changes were less common in the first
two days of infection (44%), while at 3-5 days, 91% and
6-12 days, 96% patients showed CT changes [6]. The most
common initial CT findings of COVID-19 pneumonia are
bilateral, subpleural ground glass opacity, ill-defined mar-
gins with a slight right lower lobe predilection [40]. We
found that the CT scan changes were more common among
Americans and Chinese populations while Asian popula-
tions showed changes in 35% of the cases. However, a
meta-analysis consisting of 13 studies with 2,738 partici-
pantsby Bao et al. found abnormal CT imaging features in
2,386 patients. The pooled positive rate of the CT imaging
was 89.76% [2]. All the studies included in this meta-
analysis by Bao et al. were from China. We have evaluated
28 studies reporting CT scan findings in the Chinese pop-
ulation and found 82% of the cases had abnormalities. But,
it should be kept in mind that abnormal CT findings in
Asian population were seen in only 35% of the cases...
There is emerging evidence that CT scan could be used as a
diagnostic tool for COVID-19 infection. However, as the
CT changes among the COVID-19 patients is not uniform

all around the world, the applicability of using CT scan as a
diagnostic toil must be globally explored before making it a
standard of practice. Thus further research is warranted on
this topic.

There are a lot of limitations in this meta-analysis as
most of the included studies are retrospective in nature. In
addition, correlation between the possible strains and
symptoms can just be postulated. Unfortunately, other
factors like host genetics, general health status of popula-
tions, environmental factors, economic factors that deter-
mine access to healthcare is difficult to take into
consideration which may impact variation in symptoma-
tology of COVID-19 infection across the world. However,
this is the only study looking at the continent-based dif-
ference of the symptoms among the Covid-19 infected
patients. This study is especially important with new
numerous various mutants of this virus detected all around
the world.

European patients had higher incidence of upper respi-
ratory tract symptoms like Rhinorrhoea, Anosmia and
loss of taste. Generalized symptoms like fever, cough and
Dyspnoea were more commonly reported among the
Chinese populations. One must understand that it is diffi-
cult to make assertive conclusions based on the available
data in the middle of the ongoing pandemic as there are
multiple other factors which might play a role as mentioned
in the limitation. There is a need for further studies which
can help us understand the differential pathogenicity of the
virus based on its ongoing mutations.
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