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a  b  s  t  r  a  c  t

Background:  The  current  coronavirus  pandemic  (COVID-19)  was  caused  by severe  acute  respiratory  syn-
drome  virus  2 (SARS-CoV-2).  COVID-19  is characterized  by  atypical  pneumonia,  mild  colds,  and  more
severe  illnesses,  such  as  severe  acute  respiratory  distress,  thrombosis,  organ  failure,  and  various  sec-
ondary bacterial  and  fungal  infections.  Notably,  the severity  of  COVID-19  in  different  age  groups  is  not
well  known,  and the validity  of clinical  laboratory  data  remains  unclear.
Methods:  In  this  retrospective  cross-sectional  study,  we  examined  differential  regulation  of  clinical,  hema-
tologic,  and inflammatory  biomarkers  in  COVID-19  patients.  We  divided  104  COVID-19  patients  into  five
different  groups  according  to age  (0−17,  18−45,  46−65,  66−79,  and  >80  years).  Baseline  data  (sex, comor-
bidities,  intensive  care  admission,  and  medications),  hematologic  markers,  liver,  and  renal  function  tests,
coagulation,  and  inflammatory  markers  were  examined  in  these  groups.  Receiver  operator  characteristic
(ROC)  analysis  was  used  to  determine  the  optimal  threshold  for predicting  COVID-19  biological  markers.
Results:  We  found  that  the  highest  percentage  (45%)  of  COVID-19  patients  was  in the  age group  of 46−65
years.  The  hematologic  parameters  (WBC,  HB, and  PLT)  were  normal  between  the patient  groups.  The
area  under  the  curve  in  ROC  analysis  showed  significant  differences  in  the  levels  of  creatine,  GGT,  BUN,
CRP,  D-dimer,  ferritin,  AST,  and  procalcitonin  between  the  patients  of age  groups  46−65  and  66−79
years.  Renal  biomarkers  were  significantly  high  in  most  patients,  regardless  of  age. In contrast,  the  liver
biomarkers,  did  not  differ  significantly  between  patient  groups.
Conclusion:  The  main  finding  of  our study  is  that  laboratory  parameters  such  as GGT,  creatinine,  BUN,  CRP,

procalcitonin,  ferritin  and  D-dimer  were  differentially  regulated  in COVID  -19  patients  of  different  age
groups.  Importantly,  these  laboratory  parameters  may  help  as  clinical  predictors  to assess  the  severity
of the  disease  in  the  population.  We  conclude  here  that age  is an important  factor  influencing  COVID-19
severity.

© 2022  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an open  access  article  under  the  CC  BY  license  (http://creativecommons.org/

s
Introduction
Coronaviruses (CoVs) are a large family of viruses that cause
infections ranging from the common cold to more severe illnesses,
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uch as severe acute respiratory distress, thrombosis, organ fail-
re, and various secondary bacterial and fungal infections [1]. In
ecember 2019, the World Health Organization (WHO)  announced
ases of pneumonia of unknown cause. In January 2020, Chinese
uthorities announced that they had identified a new virus called

ARS CoV-2 that caused these cases in Wuhan, Hubei province,
alled Coronavirus Disease 2019 (COVID-19) [2].
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In Saudi Arabia, the first case of COVID-19 was reported in March
2020. Since then, numerous protocols have been developed to min-
imize the spread of the disease [3]. For example, daily statistics and
visualization data have been introduced by the National Health
Command and Control (NHCC), COVID-19 Data and Informatics
Committee, with data sources from the Ministry of Health, COVID-
19 Command and Control Center (CCC), and The National Health
Emergency Operation Center (NHEOC) [4,5]. However, clinically,
confirmed cases are defined as suspected cases with laboratory
confirmation of COVID-19 infection based on the polymerase chain
reaction (PCR) testing performed in laboratories approved by the
Saudi Disease Control and Prevention (CDC) for COVID-19 testing
[6]. Furthermore, recovered cases are defined as either (i) recovery
10 days after onset of symptoms plus at least 3 days without symp-
toms (without fever and respiratory symptoms) or 3 days without
symptoms and a PCR negative test (for symptomatic patients) or (ii)
remaining asymptomatic for 10 days after the PCR test was  positive
(for asymptomatic patients).

The WHO  and the European Centre for Disease Prevention
and Control (ECDC) define the clinical and epidemiological cri-
teria for COVID-19 based on 1. Clinical criteria when a person
presents with at least one of the following symptoms: Cough, fever,
shortness of breath, partial loss of anosmia, ageusia or dysgeusia,
and less specific symptoms (e.g., headache, muscle ache, fatigue,
chills, vomiting, and/or diarrhea), and 2. Epidemiologic criteria that
include close contact with a confirmed COVID-19 case in the 14 days
prior to the onset of symptoms and/or were a resident or staff mem-
ber in a facility for vulnerable persons where ongoing COVID-19
transmission has been confirmed [7].

However, numerous reports indicate that patients with chronic
diseases, such as cardiovascular disease (CVD), diabetes mellitus
(DM), and hypertension (HTN) have important risk factors that may
promote poor clinical outcome [8]. In addition, other factors such
as sex, smoking, and lifestyle may  also play an important role in the
severity of COVID-19 [9]. There is evidence that asymptomatic car-
riers are more common among middle-aged people who  are in close
contact with infected family members [10], and elderly patients
have some clinical features that differ from those of young patients
[11,12].

The clinical and laboratory data have been used to identify the
risk factors that can predict disease severity. Laboratory parameters
may  be more objective than clinical parameters in evaluating the
patient’s condition. It has been reported that abnormal levels of lab-
oratory markers such as C-reactive protein (CRP), D-dimer, lactate
dehydrogenase (LDH), interleukin (IL)-6, and fibrinogen correlate
with disease severity [13–15]. To date, the relationship between
clinical severity and disease progression in different age groups is
unclear. A good understanding of the possible risk factors asso-
ciated with the severity of COVID-19 will help clinicians identify
high-risk COVID-19 patients to prevent disease progression and
unfavorable outcomes [16]. Therefore, this study aims to evalu-
ate the hematological, biochemical, and clinical data of COVID-19
patients of different age groups. It also aims to evaluate the role of
these parameters with the potential risk factors and clinical find-
ings related to the severity of COVID-19.

Study design

This is a retrospective cross-sectional observational study. It was

conducted at King Abdulaziz University Hospital (KAUH), Jeddah,
Saudi Arabia. Data from three months, June 2020 to August 2020
were included. This study was approved by the Scientific Research
Committee (No 303-21), KAUH, Jeddah, Saudi Arabia.
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atients and data sources

Electronic medical records of individual patients (n = 104) were
btained from the COVID-19 wards at KAUH. The inclusion cri-
eria were as follows: i. COVID-19 PCR-confirmed case and ii.
ymptomatic patients who  required hospitalization. Indication for
ospitalization was classified according to severity as per the Saudi
inistry of Health Protocol dated April 12, 2020 (Supplementary

able 1) [17], and all asymptomatic patients were excluded from
his study.

lood tests

Laboratory parameters were collected during the symptomatic
hase of the patients included in this study. Although the dura-
ion of the patients’ symptoms at initial presentation varied, the
ematological and biochemical parameters of all patients were
ollected immediately at the KAUH emergency (ER) department.
omplete blood count (CBC), including white blood cells (WBC),
emoglobin (HB), and platelets (PLT), was performed using the
ysmex XN-9000-2-A automated hematology analyzer (Sysmex
merica Inc., Lincolnshire, Illinois, USA). The coagulation analyzer
CL TOP 550 CTS (Werfen, Barcelona, Spain) was used to deter-
ine D-dimer levels with HemosIL D-dimer HS 500 kit (Cat. No.:

020500100). C-reactive protein (CRP) was  measured with the
iemens BN II reliable nephelometric analyzer using the high-
ensitivity C-reactive protein (hsCRP) assay kit (Siemens Healthcare
mbH, Erlangen, Germany). Liver function tests (LFTs), such as
spartate aminotransferase (AST), alanine aminotransferase (ALT),
lkaline phosphatase (ALP), albumin (ALB), gamma-glutamyl trans-
erase (GGT), and bilirubin (BILI), and renal function tests (RFTs)
uch as creatine and blood urea nitrogen (BUN) were performed
sing Siemens Atellica Solution Immunoassay and Clinical Chem-

stry Analyzer (IM1300) instrument with Siemens (ALT, AST, TBil 2,
rea 2) kit. Similarly, lactate dehydrogenase (LDH), ferritin, and
rocalcitonin levels were measured using Siemens Atellica Solution

mmunoassay and Clinical Chemistry Analyzer (IM1300) instru-
ent with Siemens Atellica IM kits (Siemens Healthcare GmBH,

rlangen, Germany).

tatistical analysis

Statistical analysis was performed using GraphPad Prism (ver-
ion 9) software (GraphPad Inc., USA). Means and standard
eviation (SD) were calculated, and data were determined by the
on-parametric Mann–Whitney U test, which was used to compare
he means of two  samples. Area under the curve (AUC) and receiver
perator characteristic (ROC) with 95% confidence interval were
alculated using the predicted probability of abnormal biological
arkers of COVID-19. All results are expressed as mean ± SD with

5%, 99%, and 99.9% of accuracy (* = P < 0.05, ** = P < 0.01, *** = P <
.001).

esults

aseline data

COVID-19 was  diagnosed based on quantitative RT-PCR tests
erformed at KAUH, according to the protocol established by WHO.
CR data were subsequently entered independently into an elec-
ronic portal. Hematologic and clinical analyses were performed on
lood samples from 104 SARS-CoV-2 positive patients. The mean

ge of the COVID-19 patients was  52 ± 16.5 years. We  divided
he patients into five groups according to their age (0−17, 18−45,
6−65, 66−79, and >80 years). We  found that the highest percent-
ge (45%) of COVID-19 patients were in the age group 46−65 years,
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Table  1
Baseline characteristics of the COVID-19 patients.

Male Female Total
n  (%) n (%) n (%)

Sex 72 (69) 32 (31) 104 (100)

Age  groups (years)
0−17 1 (50) 1 (50) 2 (2)
18−45  16 (50) 16 (50) 32 (30)
46−65  39 (83) 8 (17) 47 (45)
66−79  13 (68) 6 (31) 19 (18)
>80 4 (100) 0 4 (4)

Comorbidities:
Diabetes mellitus 26 (78) 7 (22) 33 (32)
Hypertension 24 (77) 7 (23) 31 (30)
Heart diseases 8 (72) 3 (28) 11 (11)
Asthma 0 3 (100) 3 (3)
Rheumatoid arthritis 0 1 (100) 1 (1)
Cancer 0 1 (100) 1 (1)

Pregnancy – 3 (100) 3 (100)

Medications:
Prednisone 28 (80) 7 (20) 35 (34)
Tocilizumab 6 (85) 1 (15) 7 (7)

O2 requirement 35 (66) 18 (34) 53 (51)
Intensive care admission (ICU) 13 (72) 5 (27) 18 (17)
Mortality 6 (75) 2 (25) 8 (8)

Table 2
The heatmap of the CBC results of COVID-19 patients.

Table 3
The heatmap of the LFTs and RFTs levels among COVID-19 patients’ groups.

Note: The data are represented as mean ± SD; * = above the reference range; the
color differences are based on the age group comparison.

Table 4
The heatmap of the inflammatory, and coagulation markers among COVID-19
patients’ groups.
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Note: The data are represented as the mean ± SD, and the color differences are based
on  the age group comparison.

followed by 18% in the age groups 18−45 and 66−79 years, 4% in
those over 80 years, and 2% in the age group 0−17 years (Table 1).
However, the 0−17 and >80 age groups were be excluded from
further analysis due to small sample size.

Clinical data analysis

Hematological parameters
Hematological parameters differ between age groups, but all

values were within the normal range (reference range). However,
non-significant differences were found in WBC  (P = 0.36) and PLT
(P = 0.56), while a significant difference was found between the
patient groups in HB (P = 0.01) (Table 2).

LFT/RFT markers
Based on the age groups, the LFTs and RFTs were examined to

determine if there was a difference between the groups. In Table 3,
the heat map  shows that the values of AST were above the normal
range for all age groups of patients. ALT, ALP, ALB, and BILI were all
within the normal range with no statistical differences (P = 0.65,
0.26, 0.16, and 0.06 respectively), although patients aged 66−79
years had the highest levels compared to the other groups. GGT

had the highest expression in patients in the age groups 46−65
and 66−79 years. Since the other parameters were above the nor-
mal  range, further analysis was performed within the groups to
determine if there were any statistical differences. Fig. 1 shows

R

t
m

216
ote: The data are represented as mean ± SD; * = above the reference range; the
olor differences are based on the age group comparison.

 significant difference between the patient groups in terms of
ST values (P = 0.04) and in GGT levels between patients in the
8−45 and 46−65 age groups (P = 0.05). Creatine levels were sig-
ificantly higher in patients in the 18−45/46−65  age group than in
atients in the 18−45/66−79  age groups (P < 0.001 and P = 0.02,
espectively). Blood urea nitrogen levels (BUN) were significantly
ifferent between patients in the 18−45/46−65  (P < 0.001), and
8−45/66−79 age groups (P < 0.001). In general, patients in the
6−65 and 66−79 age groups had abnormal values of LFT and RFT
arkers compared to the other groups.

nflammation and coagulation markers
The heat map  presented in Table 4 shows that the levels of the

nflammatory markers CRP and D-dimer marker (used to indicate
lood clot formation) were abnormal in all patients. Ferritin and
DH tests were used to detect signs of damage to body tissues,
nd these parameters were found to be elevated in all patients
ged >18 years. Procalcitonin levels (found in severe bacterial infec-
ions compared with viral infections and nonspecific inflammatory
iseases) were also elevated in all patients compared with the nor-
al  range. Further analysis between patient groups based on age

ifferences was performed to determine the effect of age on dis-
ase severity (Fig. 2). A significant difference in CRP levels was
ound between patients in the 18−45/46−65  and 18−45/66−79 age
roups (P = 0.001 and P = 0.005, respectively). Procalcitonin levels
ere higher in patients in the 18−45/46−65  age group (P = 0.009). A

ignificant difference was found in ferritin levels between patients
n the 18−45/46−65  and 18−45/66−79  age groups (P = 0.04 and

 = 0.05, respectively). No significant difference was found in LDH
evels between all patient’s groups (18−45/66−79  P = 0.65, and
6−65/66−79 P = 0.66). D-dimer levels were significantly higher

n patients in the 18−45/66−79  (P < 0.001), and 46−65/66−79  (P <
.001) age groups.
OC analysis
The ROC analysis was  used to determine the optimal prediction

hreshold for COVID -19 biological markers. The AUC of various
arkers that showed significant expression in different patient
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Fig. 1. The level of LFTs and RFTs among COVID-19 patients. No statistical difference 

the  patients in the age 18-45 and 46-65 years on the GGT, creatine, and BUN levels, a
*  = P < 0.05, ** = P < 0.01, *** = P < 0.001, n = 104. AST = aspartate aminotransferase, 

groups was used to predict COVID -19 severity. Age-G1 was used as
the independent variable (0 = for age group 18−45 years, 1 = for age
group 46−65 years) and Age-G2 (0 = 46−65 years, 1 = 66−79 years).
As shown in the ROC analysis of Age-G1 (Fig. 3-A, and Supplemen-
tary Table 2), most clinical parameters were above the prediction
threshold, and the AUCs of BUN, ferritin, and procalcitonin were the
highest among the markers (>0.6). In Age-G2 ROC analysis, GGT,
creatinine, BUN, D-dimer, and CRP showed the highest predictive
index among markers. In addition, D-dimer and CRP had the highest
AUCs (0.587 and 0.791, respectively; Fig. 3-B and Supplementary
Table 3).

Discussion

A total of 104 COVID-19 patients were enrolled in this study and
16 parameters were used to compare clinical and laboratory mark-
ers in different age groups. The age range of our patients was from
18 to 79 years, which may  indicate that all age groups are suscepti-
ble to COVID-19. In this study, the mean age of the patients was  52
years, which is consistent with a previous study from Saudi Arabia
[18], where the median age was 50 years. Other studies from Saudi
Arabia showed that the median age of COVID-19 patients was  36
years [19,20]. Another study from Oman showed that the mean age
of the 63 patients was 48 years [21]. Most of our patients were men,

which is consistent with previous studies [18,19,22]. This suggests
that SARS-COV-2 is more likely to infect males, as sex hormones in
females may  play a protective role in fighting viral infections via
innate and adaptive immunity [23]. The most common comorbidi-
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etected on the levels of AST and GGT. A significant difference was observed between
tween the age range 18-45 and 66-79 on the BUN level. Mann–Whitney test, where

 gamma-glutamyl transferase, BUN = blood urea nitrogen.

ies were diabetes mellitus and hypertension in COVID-19 patients,
 similar finding to previous studies [22,24].

In general, the groups that showed abnormal laboratory results
ere the age groups 46−65 and 66−79 years, we excluded two

roups from the analysis due to small sample size (0−17 and >80
ears). In the present study, about 51% of the patients required O2
upplementation and about 17% were admitted to the ICU due to
he severity of their illness. In addition, age often correlated with
mpaired immune function and the presence of underlying comor-
idities which may  lead to poorer treatment outcome [25].

Hematologic variables (WBC, HB, and PLT) were normal, despite
ome insignificant differences between patient groups, except for
B which may  vary between patients of different ages. However,

hese results are consistent with a study by Henry et al. The authors
ound that the WBC  count was increased only in deceased patients
4.5 × 109/L), while the patients with severe disease had a mild
ncrease in WBC  count (0.5 × 109/L) and a decrease in PLT count
26]. This is consistent with the results of Gao et al., who found no
tatistical difference in the number of WBCs in COVID-19 patients
27]. However, Huang et al. reported low numbers of WBCs and
ymphocytes in COVID-19 patients [28]. Fan et al. showed that
he patients who were in the ICU had a greater decrease in HB
alues, absolute lymphocyte count, and absolute monocyte count
ompared with the non-ICU group [15].

COVID-19 is a systemic disease affecting many organs, including

he liver and kidneys [29,30]. The incidence of liver dysfunction has
een reported to be approximately 14–53% [29]. In this study, liver
iomarkers, including ALT, ALP, ALB, and BILI, did not differ signifi-
antly between patient groups. However, the AST marker value was
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Fig. 2. The comparison between the inflammatory and coagulants markers in diffe
observed in the CRP, procalcitonin, ferritin and D-dimer levels. No statistical differe
0.01,  *** = P < 0.001, n = 104. CRP = C-reactive protein, LDH = lactate dehydrogenase

higher than the normal range in all patients. Cai et al. showed that
after the abnormal liver test results of 417 patients with COVID-
19, severe pneumonia occurred and 21.5% of patients suffered liver
injury during hospitalization. The authors also reported that taking
lopinavir/ritonavir medications increases liver injury, which should
be monitored and assessed frequently. [31]. Yoo et al. showed that
the hypoalbuminemia and abnormal AST levels were prominent
in severe COVID-19 patients, and abnormal albumin levels were
strongly correlated with COVID-19 severity with 78% of patients in
the severe group having hypoalbuminemia [13].

Renal biomarkers including creatinine and BUN were signifi-
cantly high in most patients, regardless of age. Hansrivijit et al.

showed that creatinine level was a potential predictive factor for
acute kidney injury (AKI) in patients with COVID-19 [32].Moreover,
peak serum creatinine and blood urea nitrogen levels were asso-
ciated with intrinsic AKI in men. However, urine analysis may

l
a

p

218
ge categories of patients with COVID-19. Most of the significant differences were
as detected in the and LDH level. Mann–Whitney test, where * = P < 0.05, ** = P <

ot help to differentiate intrinsic AKI from other causes of AKI
33].

In addition, CRP is a commonly used inflammatory marker
hat indicates inflammation caused by various conditions, includ-
ng infections. Besides, several reports have indicated that CRP is

 marker for the identification of cytokine storms in COVID-19
atients as well as for disease mortality [34,35]. Here, we found
hat the CRP and procalcitonin levels were above the normal range
n all patient groups. Gao et al. found that CRP levels were higher
n the severe group (39 ± 28 mg/L) than in the mild group (19

 22 mg/L); however, procalcitonin levels showed no difference
etween the groups [27]. Wang et al. showed that procalcitonin
evels were above normal range in patients admitted to the ICU
nd in patients not admitted to the ICU [36].

Previous studies have shown that the abnormal coagulation
arameters were observed more frequently in the moderate and
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Fig. 3. ROC curve comparing the different clinical markers to predict the se

severe groups than in the mild group [37–39]. Moreover, impaired
coagulation is considered an important risk factor for severe dis-
ease and death. Recent findings have shown that COVID-19 patients
have abnormal coagulation in both clinical and laboratory examina-
tions [38,40]. Ferritin, LDH, and D-dimer are inflammatory markers
that are considered predictive factors for severe COVID-19 and dis-
ease progression [41]. In our study, no significant differences were
found between the patient groups in terms of LDH levels; however,
the levels of this marker were above the normal ranges. Serum fer-
ritin level has shown a strong association with the incidence of
COVID-19 [42,43], which is consistent with our findings. For this
reason, patients with unusual ferritin levels should be carefully
monitored [43,44]. Previous reports have also shown that the coag-
ulation marker (D-dimer) was significantly higher in the severe
group of patients with COVID-19 and those admitted to the ICU
than in the mild group of patients with COVID-19 or those not
admitted to the ICU [27,36,43]. Tang et al. showed that the ele-
vated D-dimer and fibrin levels, and the prothrombin time (PT) in
admitted patients, were related to poor prognosis [38].

The area under the ROC curve for all selected parameters was
largest in patients aged 18−45 and 46−65 years (>0.5), while GGT,
creatinine, BUN, d-dimer, and CRP levels in the predictive index
were higher in patients aged 46−65 and 66−79 years. A previous
study by Goa et al. showed that the AUC of D-dimer (0.750) was high
in patients with severe COVID-19 [27]. In addition, the initial CRP
measurement based on the ROC curve for severe COVID-19 could
be used as a risk model and early predictor [45].

These laboratory parameters may  be associated with severity of
COVID-19 in different age groups of patients. In addition, abnor-
mal  laboratory values of these parameters in elderly patients may
be an early sign of severe disease and poor outcomes. A study by
Luo et al. showed that elderly patients were more than twice as
likely to have severe or critical illness when compared with middle-
aged patients [12]. Several studies have shown that elderly patients

do not respond well to treatment or do not improve significantly
after treatment and are likely to be at higher risk of other dis-
eases, such as acute respiratory distress syndrome and respiratory
failure, or even death compared to younger patients [34,46–48]. l

S
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 of COVID-19 among different patient groups (A): Age-G1, and (B): Age-G2.

ur study warrants further investigation of the clinical, hemato-
ogic, and inflammatory parameters obtained from a large cohort of
OVID-19 patients with mild to severe disease to better understand
r decipher the clinical predictors of COVID-19 disease severity in
he clinical setting.

onclusion

The main finding of our study is that laboratory parameters such
s GGT, creatinine, BUN, CRP, procalcitonin, ferritin and D-dimer
ere differentially regulated in COVID-19 patients of different age

roups. Importantly, these laboratory parameters may help as clini-
al predictors to assess the severity of the disease in the population,
s age is an important factor influencing COVID -19 severity. How-
ver, the main limitation of this study was the small sample size,
hich may  have affected the statistical power. In addition, not all

ests were performed in all patients. For this reason, future stud-
es should include more COVID-19 patients and healthy volunteers
or further investigation to compare the values of these parameters
etween COVID-19 positive and negative participants in a typical
linical milieu.
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