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Objective: Coronavirus disease 2019, caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), is
a communicable disease transmitted through the respiratory route and bodily contact. The severity of infection and mortality rate of
COVID-19 cases was significantly high in the initial stages of the pandemic. This study aims to investigate the hematological profile of
COVID-19 survivors and non-survivors.

Methods: This is a single-center retrospective study. A total of 108 hospitalized patients with laboratory-confirmed COVID-19
at East Jeddah Hospital between April and August 2020 were categorized into two groups based on outcome as survivors (n =
54) and non-survivors (n = 54). Hematological parameters and clinical profiles were analyzed and compared between the two
groups.

Results: The mean age and standard deviation of the survived (30-71 years) and non-survived (33—83) groups was 53 + 10.8 and 57.9
+ 12.2 years, respectively, with no statistically significant difference in age between groups (p = 0.0513). Non-survivors had
a significantly longer median length of stay in the intensive care unit (ICU) (7 days, IQR: 4.24 to 12) compared to survivors
COVID-19 patients (5 days, IQR: 0 to 11.75) (p = 0.0151). For the survivors group, the participant’s age positively correlated with the
length of hospital stay (r(52) = 0.21, p = 0.0005) and ICU length of stay r(52) = 0.18, p = 0.001). The median red blood cells (RBC)
counts were significantly higher in the survived group (4.56x10°/L, IQR: 4.02 to 5.11) in comparison with the non-survived (4.23x10°/
L, IQR: 3.75 to 4.23) group (p = 0.0011). All COVID-19 patients exhibited lymphocytopenia and a significant negative correlation was
observed between the lymphocyte values and length of hospital stay among the survived group (p < 0.001) as well as length of ICU
stay among the survived group (p < 0.0480). Disease-related mortality was significantly associated with reduced white blood cells
(WBCs) (8.5x10°/L, IQR: 6.1 to 11.7) and reduced basophils (0.09%, IQR: 0.02 to 0.19). Additionally, statistically significant
differences were found between the survived and non-survived groups with respect to prothrombin time (PT) (12.5 sec. vs 14 sec.,
p < 0.0001) and partial thromboplastin time (PTT) (31.8 sec. vs 40 sec., p = 0.0008).

Conclusion: Hematological parameters can serve as valuable indicators to identify patients with severe COVID-19 and expected
poor-prognosis/outcomes upon hospital admission. Cell counts of lymphocytes, WBCs, basophils and parameters such as PT and PTT
can serve as clinical indicators to assess disease severity and predict progression to critical illness.
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Introduction
Corona virus (SARS-CoV-2) has rapidly spread around the world since early 2020, potentially causing a communicable
respiratory infectious disease known as “COVID-19”, with signs differing from person-to-person. As of December 2022,
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651,918,402 cases were revealed globally, resulting in 6,656,601 disease-related deaths (including the Middle East).'
Despite the variety of medical systems in the Eastern Mediterranean region, the regulation of educational, social, and
economic movements has restricted the infection’s enormous incidence.” The COVID-19-related mortality rate has been
estimated to vary between 2% and 20%, primarily according to the availability of medical resources and the patient’s or
region’s economic standing overall.> The impact of manifestation of illness varies from person to person. Therefore, the
intensity and mortality rates differ between regions, and this can be explained by the virus polymorphisms that were
present in that region at the time.*> Both mortality and morbidity from COVID-19 are higher in the aged and those with
pre-existing chronic and comorbid conditions. Strong evidence now shows that people with certain health conditions,
such as chronic kidney disease, diabetes, lung and liver disease, cardiovascular disease, obesity, immunodeficiency,
certain disabilities, and mental health conditions, are at a higher risk.® However, it has been noticed that young and
healthy individuals succumbed to COVIDI19 in an unpredictable manner. While physical examination and the patient’s
evaluation are essential, laboratory characteristics can help provide additional and indispensable data and insight into the
patients’ disease, thereby improving patient management.” Hematological alterations are linked with viral infectious
diseases such as influenza, varicella, dengue, and acquired immunodeficiency virus, as well as the Middle East
respiratory syndrome coronavirus (MERS CoV). The modifications have not only assisted in tracking the infectious
process, but also expected severity.”

Several research findings have recognized various predictors of mortality, such as demographic characteristics,
clinical characteristics, and comorbidities.”'* A meta-analysis of 60 studies involving 51,225 patients from various
hospitals in 13 countries discovered a higher in-hospital fatality rate in elderly patients and people who smoke, as well as
those with dyspnea and renal problems, high blood pressure, cancers, metabolic syndrome, and respiratory disease.'

Saudi Arabia has a distinct epidemiological structure, with a younger generation predominating. Saudi Arabia’s
largest age range is 35-39 years.'® According to the most recent demographic survey conducted by the Saudi General
Authority for Statistics, nearly fifty percent of the population was aged 25-54 years, with the age group of 35-39 years
predominating.'” In addition to the risk variables, several lab tests were found to be linked to COVID-19 patient
outcomes. Creatinine, raised C-reactive protein (CRP), reduced lymphocyte count and magnesium concentration upon
admission, for example, are proposed as predictors of increased death in COVID-19."® A recent study demonstrated that
significantly increased CRP, white blood cell (WBC) count, neutrophil-to-lymphocyte ratio, and reduced prognostic
nutritional index could be used as predictors for COVID-19 in-hospital fatality rate.'”

One of the most critical aspects of COVID-19 management is the accurate and timely recognition of high-risk
patients. Early risk stratification can aid in medical planning and allocating resources. As a result, the study was
undertaken to analyze-selected variables in order to predict patient survival and non-survival characteristics in our cohort.

Materials and Methods

Study Design and Participants

A retrospective observational study was performed at East Jeddah Hospital, Jeddah, Kingdom of Saudi Arabia. Data from
hospitalized patients with confirmed COVID-19 from April to August 2020 were collected. Infection with SARS-CoV-2
was confirmed by RT-PCR (Reverse Transcriptase Polymerase Chain Reaction) assay using nasopharyngeal or orophar-
yngeal swabs. Clinical and laboratory data measurements were available at admission. In the current study, a total of 108
patients were recruited and categorized into two groups based on outcome as survivors (n = 54) and non-survivors

(n = 54).

Data Collection

Information from each patient was collected from the electronic health report system at hospital admission, including
demographic characteristics (age and gender) and laboratory investigations including white blood cells, leukocyte
subtypes, platelets, and red blood cells (RBCs) counts; hemoglobin; activated Partial Thromboplastin Time (PTT) and
prothrombin time (PT). Hematological parameters were assessed using a fully automated hematology analyzer (Sysmex
XN- 1000 - Japan).
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Statistical Analysis

Continuous variables were summarized as median (IQR) and categorical variables as absolute frequency (relative
frequency, %). Summary statistics were performed for the whole cohort and grouping patients in survivors and non-
survivors. Differences between the two groups were evaluated using Mann—Whitney U-test for quantitative variables and
x* test or Fisher’s exact test for categorical variables. Statistical inference was performed using two-tailed test and with
type I error rate of 0.05. All statistical analyses were performed using Graph Pad Prism software (version 10.0.1).

Ethical Approval

The study was conducted in accordance with the Declaration of Helsinki and ethical approval was obtained from the
Jeddah Institute Review Board (approval number: H-02-J-002/1268). Informed consent was waived due to the retro-
spective nature of the study and the analysis used anonymous clinical data.

Results

Demographics and Clinical Characteristics

The demographic and clinical characteristics of the participants are shown in Table 1. A total of 108 patients with
laboratory confirmed COVID-19 and admitted to hospital from April to August 2020 were enrolled in this study, 86
(79.63%) were males and 22 (20.37%) were females. Patients were admitted to hospital with symptoms including fever,
cough, and shortness of breath. Out of the 108 patients, 54 patients died during the study period. The non-survived group
comprises 44 (81.48%) males and 10 (18.52%) patients were females. The survived group comprises 42 (77.78%) males
and 12 patients (22.22%) were females. The mean age and standard deviation of the survived (30-71 years) and non-
survived (33-83) groups was 53 + 10.8 and 57.9 + 12.2 years, respectively, with no statistically significant difference in
age between groups (p = 0.0513). The median hospital length of stay was not statistically different between survived (10
days, IQR: 5 to 15) and non-survived (9 days, IQR: 7 to 14) patients (p = 0.751). Furthermore, 31 (56.6%) and 52
(96.4%) of the survived and non-survived groups, respectively, were admitted to the ICU (Table 1). The median length of
stay in ICU was higher among non-survived (7 days, IQR: 4.24 to 12) compared to survived (5 days, IQR: 0 to 11.75)
patients (p = 0.0151). Correlation analysis revealed that age was not correlated with the length of hospital stay (r(52)=
0.0005, p = 0.8112) and length of ICU admission (r(52)=.017, p = 0.17) for the non-survived but positively correlated
with the length of hospital stay (r(52)= 0.21, p = 0.0005) and ICU length of stay r(52)= 0.18, p = 0.001) for the survived
group. Increases in age of survived participants with COVID-19 were correlated with increases in length of stay in
hospital and ICU stay.

Red Blood Cells Indices

A comparison of the median RBC parameters for the survived and non-survived groups is shown in Table 2 and
Supplementary Figure S1. The median red blood cells (RBCs) counts were significantly higher in the survived group
(4.56x10°/L, IQR: 4.02 to 5.11) in comparison with the non-survived (4.23x10°/L, IQR: 3.75 to 4.23) group (p=0.0011).
The hemoglobin (HGB) values were not statistically different between the survived (13.3 gm/dl, IQR: 11.2 to 14.35) and

Table | Demographics and Clinical Characteristics of COVID-19 Survived and
Non-Survived Participants

Survived Non-Survived
Age [mean (SD)] 53.5 (10.8) 57.9 (12.2)
Gender
Male [n (%)] 42 (38.89) 44 (40.74)
Female [n (%)] 12 (11.11) 10 (9.26)
Length of hospital stay [days, IQR] 10 (5, 15) 9 (7, 14)
Admission to ICU [n (%)] 31 (56.6%) 52 (96.4%)
Length of ICU stay [days, IQR] 5 (0-11.75) 7 (425, 12)
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Table 2 Hematological Parameters Among COVID-19 Survived and Non-Survived Participants (Values in
Parentheses in the First Column Represent Normal Range)

Parameter Survived Non-Survived p-value
RBC (4.15-5.15 x10'?/L) 4.56 (4.02, 5.11) 4.23 (3.75, 4.52) 0.0011

HGB (12.5-16 gm/dl) 13.3 (11.2, 14.35) 12.7 (11.45, 13.55) 0.3704
HCT (38-48%) 39.05 (34.90, 42.55) 37.95 (34.28, 40.50) 0.1767
WBC (4-10 x10°/L) 10.2 (7.4, 16.7) 85 (6.1, 11.7) 0.0477
Neutrophils (40-80%) 83.9 (727, 89.3) 8l (73.9, 84) 0.0929
Lymphocytes (20-40%) 9.4 (5.1, 14.7) I (8, 14.8) 0.487

Monocytes (2—10%) 5(2.9,85) 574,7) 0.1649
Eosinophils (1-6%) 0.40 (0.01, 1.67) 0.15 (0.02, 0.68) 0.2008
Basophils (1-2%) 0.20 (0.10, 0.30) 0.09 (0.02, 0.19) 0.0047
Platelet (150—410 x107/L) 266.1£132.5 248+95.7 04164
PT (10.4-12.6 seconds) 12.5 (11.7, 13.4) 14 (13.6, 15) <0.0001
PTT (25.9-36.6 seconds) 31.8 (28, 39.2) 40 (36.9, 44.4) 0.0008
Serum Ferritin (20-250 ng/mL) 874 (636.2, 1536.3) 1560 (838, 2524) 0.1767

non-survived (12.7 gm/dl, IQR: 11.45 to 13.55) groups (p=0.3704). Likewise, hematocrit (HCT) values were not
significantly different between the survived (39.05%, IQR: 34.90 to 42.55) and non-survived (37.95%, IQR: 34.28 to
40.50) groups (p=0.1767).

Serum Ferritin Level
There was no statistically significant difference in serum ferritin level between the survived (874, IQR: 636.2 to 1536.3)
and non-survived (1560, IQR: 838 to 2524) groups (p=0.1767) (Table 2).

Leukocytes Parameters

WBCs were significantly reduced in the non-survived group (8.5x10°/L, IQR: 6.1 to 11.7) compared to the survived
(10.2x10°/L, IQR: 7.4 to 16.7) group (p = 0.0477) (Table 2, see also Supplementary Figure S2 that shows box-whisker
plots for various leukocytes parameters). In addition, the laboratory results demonstrated no significant difference in
neutrophils between the survived (83.9%, IQR: 72.7 to 89.3) and non-survived (81%, IQR: 73.9 to 84) groups
(p=0.0929). Laboratory test results demonstrated lymphocytopenia for all COVID-19 infected patients with no statisti-
cally significant difference between the survived (9.4%, IQR: 5.1 to 14.7) and non-survived (11%, IQR: 8 to 14.8) groups
(p=0.4870). The percentage of eosinophils was not statistically significantly different between the survived (0.40%, IQR:
0.01 to 1.67) and non-survived (0.15%, IQR: 0.02 to 0.68) groups (p=0.2008). With regards to basophils, the non-
survived group (0.09%, IQR: 0.02 to 0.19) demonstrated significant reduction in basophils compared to survived (0.20%,

IQR: 0.02 to 0.19) group (p=0.0047). Additionally, there was no statistically significant differences in monocytes
between survived (5%, IQR: 2.9 to 8.5) and non-survived (5.7%, IQR: 4 to 7) groups (p=0.1649).

Coagulation Profile of COVID-19 Survivors and Non-Survivors

There was no statistically significant difference in platelet count between survived (266.1x10°/L£132.5) and non-
survived (248x10°/L +95.7) patients (p = 0.4164) (Table 2 and Supplementary Figure S3). A statistically significant
difference was found between the survived and non-survived groups regarding PT (12.5 sec. vs 14 sec., p<0.0001) and
PTT (31.8 sec. vs 40 sec., p=0.0008) (Table 2 and Supplementary Figure S3).

Correlation Between Lymphocytes and Hospital and ICU Stay

Correlation analysis was conducted to assess the association of hematological profiles with the length of stay in hospital and
ICU between survived (Figure 1A and C) and non-survived (Figure 1B and D) COVID-19 patients. There was significant
negative correlation between the lymphocyte values and length of hospital stay among the survived group (p < 0.001) but
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Figure | Correlation between Lymphocytes Percentage and Duration of Hospital and Intensive Care Unit (ICU) Stay among Survived (A and C) and Non-survived (B and D)
COVID-19 Patients.

not for the non-survived group (p = 0.1863). There was a significant weak negative correlation between the lymphocyte
values and length of ICU stay among the survived group (p < 0.0480) but not the non-survived group (p = 0.395).

Discussion

Since the start of the COVID-19 pandemic, most of the world’s population has been affected either directly or indirectly.
The effects have ranged from psychological, economic or direct effects of infection with SARS CoV-2, often with
adverse outcomes.””?' The pandemic posed numerous challenges to hospital setups worldwide due to factors ranging
from the rapid spread of a highly transmissible novel coronavirus, a fairly high admission rate of infected patients in
hospitals within the first few months of the pandemic and a range of symptoms due to COVID-19 and complications
from pre-existing conditions.?**

Early studies assessed clinical, demographic, and hematological indicators in the COVID-19 outbreak. Our study
retrospectively investigated hematological parameters such as RBCs, platelets, and WBCs of 108 patients admitted to
East Jeddah Hospital, Jeddah, Saudi Arabia during the initial phase of the pandemic. Demographic and clinical data from
these patients, including hematological parameters, were analyzed to understand prognosis and determinants of outcomes
in critically ill patients admitted to the ICU. Out of the total patients admitted to the hospital, the majority were males
(79.36%). In addition, of the total patients investigated, 50% died due to COVID-19 disease or its complications.
A possible reason for the increased death rate in this study group may be that the patients who reached the hospital were
already in a critical state. Due to the fear of hospital environments at the start of the pandemic and the stigma of infection,
many patients with less severe symptoms preferred to stay home. Moreover, individuals with mild symptoms were
instructed to take medication by doctors and recover at home. Most hospitals were unable to admit all COVID-19 cases
due to an unprecedented burden on health care facilities.** Patients of higher age and with pre-existing chronic health

conditions were at an increased risk of fatal disease outcome. These findings are consistent with the previous studies.”> "
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Of the 108 hospitalized patients, 83 patients were admitted to the ICU. It was observed that patients who died in
hospital spent more days in ICU as compared to the patients who survived. A study showed that the COVID-19 ICU
mortality ranged from 20% to 62% around the world.?

Lymphocytopenia was a major hematological abnormality observed in patients hospitalized with severe COVID-19.%
Anemia due to hemolysis was an important independent predictor of the severity of COVID-19 disease.**** RBCs can be
lysed during infections such as sepsis.*> COVID-19 spike proteins and complement activation products were observed on
RBC membranes in COVID-19 patients, affecting the RBCs structure and function.® This may lead to decreased RBC
numbers which was also observed in patients in our study.>* However, the decrease in hemoglobin levels was non-significant.

To understand disease severity in light of increased rates of RBS breakdown, coagulation factors in patients require
analysis. Commonly used laboratory tests for exogenous and endogenous coagulating system factors such as DD, PT, and
PTT were used for early diagnosis of disseminated intravascular coagulation, associated with severe COVID-19.%’
Significantly higher levels of PT and PTT levels were observed in patients who died in hospital due to severe COVID-19.
This showed a significant correlation between coagulating factors and disease outcome, suggesting diagnostic value of
such markers in predicting disease progression and severity.

Hematological parameters such as HGB, HTC, platelets serum ferritin, neutrophils, lymphocytes, monocytes and
eosinophil counts did not show any statistical differences between survived and non-survived patients in our study.
However, both groups exhibited lower levels of platelets.*® The levels of ferritin, an inflammatory indicator studied in
COVID-19 patients, was found to increase many-fold in critically ill COVID-19 patients.*

In severe cases of COVID-19 disease, an excessive immune response called the cytokine storm is generated against
the virus, together with increased levels of lymphocytes.*® These cells have a crucial role in cell immunity. Some studies
suggest that lymphocytes were found to significantly decrease in COVID-19 patients compared to healthy individuals.*®
These findings are similar to our results. However, no significant differences were observed in lymphocyte levels
between both survived and non-survived groups. Furthermore, the numbers of neutrophils, eosinophils, and basophils
were significantly reduced in critically ill COVID-19 patients.*® Similar patterns of reduction were observed in our study.
However, only basophil counts differed significantly between survived and non-survived groups.

Limitation and Future Studies

Sample size was small due to non-availability of complete clinical data and was conducted at a single-center in Jeddah,
Saudi Arabia which may limit external validity. Further multicenter studies with larger samples size are required in Saudi
Arabia to highlight any potential demographic variability that might exist. History of pre-existing comorbid conditions
and treatment regimen, which might have influenced clinical and hematological parameters, were not available. Data
with more clinical parameters may provide more accurate and specific predictive indications for outcomes for COVID-19
patients admitted to hospitals.

Conclusion

The current study showed that RBC levels, WBC, coagulation factors (PT and PTT) and basophil levels are predictive
markers for the survival of COVID-19 patients in the Saudi population. Such alterations in hematological parameters are
common in patients with severe COVID-19 disease and could be used as potential biomarkers for cases requiring
hospitalization. Demographic data, clinical tests and hematological characterizations are crucial predictors of disease
progression and outcomes, enabling development of strategy for improved treatment and diagnostics.
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