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Abstract

Background and Objective: Coronavirus disease 2019 (COVID-19), also known as Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), became a global health issue that influenced the lives of billions of people all over the world. The goal of this study was
to investigate the clinical findings and routine laboratory evaluations of COVID-19 patients in both average- and high-altitude settings
in Saudi Arabia. Materials and Methods: A comparative study to explore the clinical characteristics and Laboratory tests results of
COVID-19 patients at both high and average altitudes in Saudi Arabia has been conducted. The study included a total number of
103 patients (53 patients comprising the high-altitude group living in Taif, Saudi Arabia and 50 patients comprising the average-altitude
group living in Al Ahsa, Saudi Arabia) were included in the study. Patients were diagnosed with SARS-CoV-2-positive by PCR test. Clinical
characteristics, laboratory test results and symptoms of adult patients were collected and expressed as mean and standard deviation.
Statistical analysis was done using SPSS software to compare between both groups and significance was considered when the p-value
is less than 0.05. Results: Approximately 55.3% of the total cases were male with a mean age of 40.16+12.47 years. There were highly
statistically significant differences between the groups in age, heart rate (p<0.001). There were also statistically significant differences
between the groups in temperature, SpO,, fever, myalgia, shortness of breath and loss of smell and taste. Conclusion: The current study
provides an understanding of the clinical and laboratory investigations of COVID-19 patients in two regions (high altitude and average
altitude) in Saudi Arabia.
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INTRODUCTION

Anew and evolving respiratory virus was identified at the
end of 2019 in Wuhan, the capital of the Hubei province in
China'2. The virus causes dangerous pneumonia in infected
individuals and is highly contagious, causing the disease to
rapidly spread in China and leading to an epidemic. The
infection soon showed signs of spreading outside China and
a significant number of cases were diagnosed in many other
countries with an alarming rate of infection®>. Researchers
were able to isolate the virus that causes the infection and, in
some cases, leads to the development of the severe acute
respiratory syndrome. The virus was determined to be a new
strain of the coronavirus family. The viral genome was
sequenced and recognized as a betacoronavirus from the
same subgenus as a Severe Acute Respiratory Syndrome
(SARS), though it was a newly identified strainS. The scientists
named the new virus severe acute respiratory syndrome
coronavirus 2 (SARS CoV-2) and the new respiratory disease
caused by the virus COVID-197"°, The viral receptor-binding
gene also was identified; it showed high similarity to the SARS
coronavirus family as the new SARS CoV-2 virus enters the cell
via the same receptor. This receptor is the Angiotensin-
Converting Enzyme 2 (ACE2) receptor®'. Most cases of SARS
CoV-2 are mild. The clinical picture of COVID-19 infection
includes fever, cough and fatigue. The infection is more
prevalent in males than females, which may be due to
increased exposure. Fever and cough were the predominant
symptoms and were found in most cases, with over 90% of
patients presenting with more than one symptom. Only a
small number of cases progress to severe acute respiratory
distress syndrome’®. Previous studies showed that the
proportion of fatal or severe infection may vary according to
location. Although the serious disease can occur in otherwise
healthy people of any age, it is more common in people over
the age of 65 or with underlying chronic diseases'*'3. Chronic
diseases that have been associated with the severity of
COVID-19 illness and increased risk of mortality include
cardiovascular diseases, diabetes mellitus, hypertension,
chronic lung diseases, cancer, chronic kidney diseases and
obesity''>. The understanding of pathological mechanisms
and prediction of severe cases is critical for optimising
treatment and prognosis of patients with SARS CoV-2.
Understanding pathological laboratory findings can also guide
strategies tofind anew treatment or vaccine®. A healthy blood
oxygen level is normally above 95%. The partial pressure of
oxygen (Pa0,) is low in high-altitude areas. The PaO, may be
also altered by ageing''6. Residency in high-altitude regions
may cause significant pulmonary changes that may aggravate
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the condition of COVID-19 patients. The effect of high altitude
on outcomes of patients with SARS CoV-2 infection is unclear.
The primary laboratory parameters reported in previous
studies on COVID-19 that can be correlated to the severity of
illness are elevated levels of Total Leucocytic Count (TLC),
Lactate Dehydrogenase (LDH), Alanine Transaminase (ALT),
Aspartate Transaminase (AST), total bilirubin, prothrombin
time (PT), D-dimer test, serum ferritin, C-reactive protein,
cardiac troponin and procalcitonin (PCT), as well as decreased
levels of lymphocytes and serum albumin'’.

This research aimed to correlate the clinical characteristics
and routine laboratory values of COVID-19 patients with
severity of illness in average- and high-altitude settings.

MATERIALS AND METHODS

Study area: The study was conducted between October-
December, 2020 at the Department of Clinical Laboratory
Sciences, College of Applied Medical Sciences, Taif University,
Saudi Arabia.

Sample collection: The high-altitude group comprised 53
COVID-19 patients residing at high altitude (approximately
1879 m above sea level) in Taif, Saudi Arabia and the
average-altitude group comprised 50 COVID-19 patients
residing at average altitude in Al Ahsa, Saudi Arabia. Patients
were recruited from COVID-19 isolation hospitals in the
2 cities. Ethical approval was obtained from the Taif University
Ethics Committee before beginning the study (approval no.
42-0010). Informed consent was obtained from all patients
before enrolment in the study. Diagnosis of COVID-19 was
established by positive PCR and clinical and laboratory data
were collected from patients in the early stage of the disease,
between day 5 and day 12 of symptom appearance. Patients
were not receiving corticosteroid treatment. Statistical analysis
of collected data was done to explore the effect of residing at
high altitudes on the presentation of COVID-19.

Statistical analysis: Collected data were statistically analysed
using SPSS software version 20.0 (SPSS Inc, Chicago, US). The
data were presented as mean®SD. A p-value<0.05 was
considered significant.

RESULTS

The age range of the study sample (n = 103) was
15-69 years, with a mean age of 40.16 £ 12.47 years. As shown
in Table 1, there was a statistically significant difference



Pak. J. Biol. 5ci,, 24 (6): 663-671, 2021

Table 1: Comparison between high altitude and average altitude according to age (years)

Demographic data High altitude (n = 53) Average altitude (n = 50) Total (n=103) Test p-value
Age (years)
Mean=£SD 45.51+10.81 34.37%+11.60 40.16+12.47 t=5.020 <0.001**
Range 21-69 15-54 15-69
Sex
Male (%) 24 (45.3) 33 (66.0) 57 (55.3) ¥ =3.669 0.055
Female (%) 29 (54.7) 17 (34) 46 (44.7)
t: Independent sample t-test, Chi-square test, p-value>0.05 NS: **p-value<0.001 HS
Table 2: Comparison between High altitude and Average altitude according to vital signs
Vital signs High altitude (n = 53) Average altitude (n = 50) Total (n=103) t-test p-value
T(Q)
Mean=+SD 37.64£0.96 38.11+0.80 37.86%£0.91 -2.681 0.009*
Range 36-39.8 36-39.4 36-39.8
P (b min™")
Mean=£SD 97.55+13.07 114.861+18.01 102.70+16.57 -3.700 <0.0071**
Range 77-125 89-146 77-146
SpO; (%)
Mean=+SD 94.87£3.09 96.61+1.88 95.80+2.65 -3.137 0.002*
Range 84-99 90-99 84-99
T: Temperature, P: Pulse, SpO,: Oxygen saturation, *p-value <0.05 S, **p-value<0.001 HS
Table 3: Comparison between high altitude and average altitude according to clinical presentation

High altitude Average altitude Total
Complains (n=53) (%) (n =50) (%) (n=103) (%) Ve p-value
Fever 33(62.3) 42 (84.0) 75 (72.8) 6.141 0.013*
Runny nose 5(9.4) 8(16.0) 3(12.6) 1.006 0.316
Cough 24 (45.3) 29 (58.0) 3(51.5) 1.666 0.197
Sore throat 10(18.9) 5(10.0) 5(14.6) 1.626 0.202
Chest pain 0(0.0) 0(0.0) 0(0.0) 0.000 1.000
Shortness of breath 23 (43.4) 9(18.0) 2(31.1) 7.748 0.005*
Headache 25 (47.2) 22 (44.0) 7 (45.6) 0.104 0.747
Myalgia 25 (47.2) 12 (24.0) 37(35.9) 6.000 0.014*
Nausea 0(0.0) 0(0.0) 0(0.0) 0.000 1.000
Vomiting 0(0.0) 2(4.0) 2(1.9) 2.162 0.141
Diarrhea 9(17.0) 11(22.0) 20(19.4) 0414 0.520
Loss of smell and taste 9(17.0) 0(0.0) 9(8.7) 9.303 0.002%

1% Chi-square test, p-value>0.05 NS, *p-value<0.05 S

between groups regarding age (p<0.001). The mean age in
the high-altitude group was higher than the mean age in the
average-altitude group.

In the total study sample (n = 103), 55.3% of participants
were male. There was not a statistically significant difference
between groups in sex (p = 0.055). In the high-altitude
group, 45.3 were male and 54.7% were female while in the
average-altitude group, 66 were male and 34% were female
(Table 1).

In the entire study sample (n = 103), the heart rate range
in beats per minute (bpm) was 77-146 bpm with a mean of
102.70+16.57 bpm. As demonstrated in Table 2, there was a
highly statistically significant difference in heart rate between
groups (p<0.001). The average-altitude group demonstrated
a higher mean heart rate (114.86%=18.01 bpm) than the
high-altitude group (97.55+13.07 bpm).
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In the study sample (n = 103), the temperature ranged
from 36-39.8°C with a mean of 37.86+0.91°C. There was a
statistically significant difference between groups
temperature (p = 0.009). The mean temperature in the
average-altitude group was higher (38.11+0.80°C) thanin the
high-altitude group (37.6410.96°C).

In the study sample (n = 103), oxygen saturation (Sp0O,)
ranged from 84-99% with a mean of 95.80+2.65%. There was
a statistically significant difference between groups in SpO,
(p=0.002). The average-altitude group demonstrated a higher
SpO, (96.61£1.88%) than the high-altitude group
(94.87+3.09%).

As shown in Table 3, there was a statistically significant
difference between groups in presence of fever (p = 0.013);
more patients in the average-altitude group presented with a
fever (84.0%) than in the high-altitude group (62.3%).

in
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Table 4: Comparison between high altitude and average altitude according to random blood glucose level

Glucose High altitude (n = 53) Average altitude (n = 50) Total (n=103) t-test p-value
RBS (mmol L)

Mean=+SD 8.68+4.97 6.70£2.94 7.72£5.16 2978 0.021*
Range 43-31.7 46-30.73 43-317

t: Independent sample t-test, *p-value<0.05 S

Table 5: Comparison between high altitude and average altitude according to complete blood count (CBC) parameters

CBC High altitude (n = 53) Average altitude (n = 50) Total (n=103) t-test p-value
HGB (g dL™")

Mean=£SD 1243£1.72 13.421+1.88 1291+1.85 -2.778 0.007*
Range 6.9-15.7 8.4-17.2 6.9-17.2

WBC(X10*mL™)

Mean=+SD 5.47£3.10 5.36+2.03 5421262 0.215 0.830
Range 2-22.1 2.5-15.6 2-22.1

PLT (X10*mL™")

Mean=£SD 253.58+99.39 230.12%£57.98 242.19+82.40 1.452 0.150
Range 97-594 130-404 97-594

t: Independent sample t-test, p-value>0.05 NS, *p-value<0.05 S

Table 6: Comparison between high altitude and average altitude according to lactate dehydrogenase (LDH)

LDH (U L™ High altitude (n = 53) Average altitude (n = 50) Total (n=103) t-test p-value
Mean=+SD 244.77+99.74 209.67£66.78 227.91£86.90 2.071 0.041*
Range 106-613 135-456 106-613

t-Independent sample t-test, *p-value<0.05 S

Table 7: Comparison between high altitude and average altitude according to renal function test (RFT)

RFT High altitude (n = 53) Average altitude (n = 50) Total (n=103) t-test p-value
Urea (mmol L)

Mean=+SD 5.37£9.93 4.17£1.01 4.80£7.18 0.844 0.400
Range 1.7-75 2.6-6.7 1.7-75

Creatinine (mmol L)

Mean=£SD 86.42+25.60 78.78+1591 82.75+21.74 1.793 0.076
Range 2.1-181 46-118 2.1-181

t: Independent sample t-test, p-value>0.05 NS

Besides, there was a statistically significant difference
between groups in the symptoms of shortness of breath
(p =0.005), myalgia (p =0.014) and loss of smell and taste
(p = 0.002). Each of these symptoms was more prevalent in
the high-altitude group (43.4 vs. 18.0; 47.2 vs. 24 and 17 vs.
0%), respectively.

As shown in Table 4, there was a statistically significant
difference in Random Blood Sugar (RBS) between the
high-altitude and average-altitude groups (p = 0.021), with
the high-altitude group demonstrating an RBS of
8.68+£4.97 mmol L=' and the average-altitude group
demonstrating an RBS of 6.70%+2.94 mmol L.

As Table 5 displays the statistically significant difference
between groups in haemoglobin levels (p = 0.007); the
mean haemoglobin in the high-altitude group was
12.431+1.72 g dL™" compared to 13.421£1.88 g dL™" in the
average-altitude group. This finding regarding haemoglobin
level may be explained by the mean age of COVID-19 patients,
which was higher in the high-altitude group; also there was
increased ratio of female patients in the high-altitude group.
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There was no statistically significant difference between
groups in White Blood Cell count (WBC) (p = 0.830) or
Platelet Count (PLT) (p = 0.150).

As shown in Table 6, there was a statistically significant
difference between groups in LDH (p = 0.041); the mean LDH
in the high-altitude group was 244.77+£99.74 U L~ compared
toalowervalue 0f 209.67£66.78 U L' in the average-altitude
group.

The data of Table 7 illustrates no statistically significant
difference between groups in urea (p = 0.400) and creatinine
(p = 0.076) levels. In the high-altitude group, the mean urea
level was 537%£9.93 and mean creatinine level was
86.42125.60, which were higher than the mean urea level of
4.17%£1.01 and mean creatinine level of 78.78+15.91 that
were found in the average-altitude group.

The mean AST and ALT levels of the total sample were
28.06+21.86 UL"and 45.57%£31.36 U L, respectively. The
data of Table 8 shows that there was no statistically
significant difference between groups in AST (p = 0.855)
and ALT (p 0.540) levels. The high-altitude group
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Table 8: Comparison between high altitude and average altitude according to liver function test (LFT)

LFT High altitude (n = 53) Average altitude (n = 50) Total (n=103) t-test p-value
AST(UL™)

Mean=£SD 27.69122.90 28.74+20.29 28.06+21.86 -0.184 0.855
Range 7-127 7-81 7-127

ALT(UL™)

Mean=+SD 43.79£30.49 48.831%33.34 4557£31.36 -0.617 0.540
Range 15-167 15-167 15-167

t: Independent sample t-test, p-value>0.05 NS

demonstrated a mean AST of 27.69£22.90 and mean ALT of
43.791+30.49; the average-altitude group demonstrated
higher values, with a mean AST of 28.741+20.29 and a mean
ALT of 48.83£33.34.

DISCUSSION

COVID-19, the disease caused by the SARS-CoV-2 virus,
has caused a pandemic. However, there have been few studies
from different geographic regions, including people living at
higher elevations. The current study was conducted to
compare the clinical features of COVID-19 patients at high
altitude with patients at average altitude. Our results revealed
a significant difference between patients at high and average
altitudes regarding age, heart rate, temperature, SpO,, fever,
myalgia, shortness of breath and loss of smell. Since the
beginning of the pandemic, age has been recognized as the
key prognostic determinantin COVID-19 patients'®?!, though
the age distribution of patients with COVID-19 is variable.
In our study, a significant difference in the mean age of our
2 groups was found (p<0.001), with a mean age of
45.51%£10.81 years in the high-altitude group and
34.371+11.60 years in the average-altitude group. In previous
studies in Saudi Arabia, Allishi et a/22 documented that the
mean age of COVID-19 patients was 50 years. In contrast,
Alsofayan et a/? found a mean age of 36 years and
Barry et a/* found a mean age of 44 years for COVID-19
patients in Saudi Arabia.

Regarding gender, the present study found a higher
percentage of male COVID-19 patients across the total sample
(55.3% male), though differences were noted between groups,
with a higher prevalence of males in the average-altitude
group (66% male) but a higher prevalence of females in the
high-altitude group (54.7% female). In a study conducted by
Al Mutair et a/», 80% of patients were male, while a study by
Allishi et a/? found that 65.9% of patients were female.
Previous researches observed that males had a slower viral
clearance in comparison to females?5-2,

In the patients of the high-altitude group, 62.3% had a
fever, 43.4% had shortness of breathing, 47.2% had myalgia
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and 17% experienced loss of smell and taste. In contrast, in the
patients of the average-altitude group, 84.0% had a fever, 18%
suffered from shortness of breathing, 24% reported myalgia
and none lost their sense of smell and taste. These results
indicate that the clinical symptoms of COVID-19 were more
prominent in patients living at high altitude than in patients
living at average altitude.

The results are compatible with previous research by Al
Mutair et a/?, in which cough, fever, fatigue and shortness of
breath were prominent symptoms of COVID-19. Another study
conducted in Saudi Arabia by Barry et a/**found that the most
frequent symptoms of COVID-19 were high temperature
(67.7%), cough (60.6%), difficulty in breathing (43.4%), upper
respiratory tract symptoms (27.3%), nausea (26.3%), diarrhoea
(19.2%) and lost smelling sensation (9.1%). The most common
symptoms reported by Jin et a/* were fever (95.3%) and
cough (65.1%), while diarrhoea (16.3%) was not common.
Fu et a/* found that fever (83.3%), cough (60.3%) and fatigue
(38.0%) were the most common clinical symptoms. The
primary clinical symptoms of COVID-19 patients reported by
Li et a/*' was elevated body temperature (88.5%), fatigue
(35.8%), cough (68.6%), sputum (28.2%) and shortness of
breathing (21.9%). Also, minor findings like headache (12.1%),
nausea and vomiting (3.9%) in addition to diarrhoea (4.8%).
Shortness of breath was the most common presenting
complaintin 55.3% of patients, followed closely by cough and
fever in a study by Bahl et a/32. Most studies on hospitalized
patients from Wuhan, as reflected in the findings of
Sharma et a/*, revealed that the common symptoms of
COVID-19 were fever (83-98%), fatigue (70%), dry cough
(59%), anorexia (40%), myalgia (35%), dyspnoea (31%) and
sputum production (27%).

In the current study, there was a statistically significant
difference between groups in SpO, (p = 0.002); mean Sp0O, in
the high-altitude group was 94.87%£3.09% compared to
96.6111.88% in the average-altitude group. This may be
attributed to the hypoxia present at high altitude. Patients
with COVID-19 often demonstrate hypoxia without equivalent
characteristics of respiratory distress which is defined as silent
hypoxia®.
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The heart rate range in the high-altitude group was
77-125bpm compared to 89-146 bpm in the average-altitude
group. The temperature range in the high-altitude group was
36-39.8and 36-39.4°Cin the average-altitude group. Previous
research by lkeuchiet et a/*> showed that at admission, the
average body temperature was 37.2°Cand the average pulse
rate was 84 beats per minute. During admission, 13.0% of
patients had a high-grade fever (temperature>38.9°C) and all
of them had a pulse rate of fewer than 120 beats per
minute.

There was a statistically significant difference between
groups in RBS (p = 0.021), with the high-altitude group
demonstrating a mean RBS of 8.681+4.97 mmol L~ and the
average-altitude group demonstrating a mean RBS of
6.70%£2.94 mmol L". Chen et a/* has proposed that there
could be a close association between the magnitude of
COVID-19 and glycemic criteria, including people who do not
have diabetes.

They found that blood glucose was significantly higher
in patients with severe COVID-19 than those with mild
COVID-19. Zhang et a/¥ demonstrated that COVID-19
infection resulted in an increase in blood glucose, even in
those who had not been diagnosed with diabetes before
admission.

There was a statistically significant difference between
groups in LDH levels (p = 0.041), with a mean LDH in the
high-altitude group 0f 244.77+99.74UL~"andamean LDHin
the average-altitude group 0f 209.67+66.78 U L. In patients
with COVID-19, high LDH levels have been linked to a 6-fold
increase in the risk of developing severe disease and a 16-fold
increase in the risk of death®. In a study by Serinet et a/*,
mean LDH was 268.56+140.39 U L' and Chen et a/®
found that LDH was significantly increased in most
patients.

The mean haemoglobin in the high-altitude group was
1243%+1.72 and the mean haemoglobin in the average-
altitude group was 13.4211.88. The mean WBC count in the
high-altitude group was 5.47+3.10 and 5.36+2.03 X 10> mL
in the average-altitude group. The mean PLT in the
high-altitude group was 253.58+£99.39 and 230.12£57.98
X 10® mL in the average-altitude group. A recent study on
blood indices in COVID-19-positive individuals revealed that
most patients had a normal complete blood count and LDH
on admission. None of the patients presented with moderate
or severe thrombocytopenia, which is a common finding in
other viral illnesses including dengue fever*'. A meta-analysis
on available heterogeneous studies showed that severe cases
of COVID-19 were characterised by substantially decreased
haemoglobin values compared to mild cases, which confirmed
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previous evidence gathered from patients with other types of
pneumonia®.

Platelets are at the forefront of COVID-19 pathogenesis,
as they release different molecules through different stages
of the disease®®. COVID-19 patients frequently have
moderate thrombocytopenia and tend to have improved
platelet intake as well as platelet production*. Platelet count
was significantly reduced in patients with more severe
COVID-19%

Previous studies have shown normal WBC count in 90%
of patients with COVID-19%. The majority of the COVID-19
patients studied by Allishi et a/2>demonstrated normal WBC.
About 9% of cases had reduced leucocytic cont, but the
proportion of lymphopenia was also as high as 35%%. In
contrast, Zhongnan Hospital of Wuhan University recorded
clinical features of 138 patients with COVID-19 and found that
up to 70.3% of them developed lymphopenia with a median
lymphocyte count of 0.8 X 10° L1 ¥,

In the current study, urea levels ranged from 1.7-75in
the high-altitude group and 2.6-6.7 in the average-altitude
group. The mean creatinine was 2.1-181 in the high-altitude
group and 46-118 in the average-altitude group. In a study
by Hong et al*®, serum creatinine levels were not
abnormally high in all cases and Blood Urea Nitrogen (BUN)
levels were abnormally high in just 25% of the patients.
Similarly, Li et a/* found that BUN was elevated in 27% of
COVID-19 patients, with higher levels of BUN present in
2 patients who died. Serum creatinine was elevated in 19% of
the patients, with extremely high levels noted in the patients
who died.

The mean AST was 27.69£22.90 in the high-altitude
group and 28.74%20.29 in the average-altitude group. The
mean ALT was 43.79130.49 in the high-altitude group and
48.831+33.34 in the average-altitude group. Similar to our
results, Chen et a/*®reported that 43 of 99 COVID-19 patients
had variable liver enzyme disorders (e.g., ALT and AST) and
1 patient had a significant rise in hepatic enzymes (ALT
7590 U LT, AST 1445 U L"), resulting in liver disease. It has
been found that 2-11% of patients with COVID-19 had liver
comorbidities and 14-53% of patients had abnormal ALT and
AST levels during the COVID-19 disease progression®. Liver
injury is more prevalent in severe cases compared to mild
cases of COVID-19.

The study had limitations that warrant mentioning. The
sample size was relatively small and thus results of this
study may not reflect the true picture of a large cohort.
Unfortunately, we were unable to access radiological findings
in this study, which would have increased the clinical picture
of patients with COVID-19.
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CONCLUSION

The current study provides insight into the clinical and
laboratory investigations of COVID-19 patients in high and
average altitudes in Saudi Arabia. COVID-19 patients at high
altitude showed significantly lower blood oxygen levels and
higher LDH levels. Also, symptoms of COVID-19 infection like
shortness of breathing, myalgia, loss of smell and taste were
more prominent in patients living at high altitude.

SIGNIFICANCE STATEMENT

This study discovers the effect of living at a high altitude
onthe clinical presentation of COVID-19 patients. The possible
effect of living at a high altitude on COVID-19 patients is still
unclear and this work can add unique knowledge about this
point. This study will help the researchers to explore the
impact of living at high altitudes on the clinical features of
patients with COVID-19 in Saudi Arabia.
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