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Background: Thrombocytopenia and platelet indices in COVID-19 patients were important for prompt treatment and management of
the disease. Therefore, the main objective of this study was to assess the prevalence of thrombocytopenia, platelet indices, and its
association with disease severity among COVID-19 patients at the Tibebe Ghion Specialized Hospital, COVID-19 treatment center,
Northwest Ethiopia.

Methods: A cross-sectional study was conducted among 117 conveniently recruited COVID-19 patients from March to June 2021. Socio-
demographic and clinical data were collected using a structured questionnaire and checklist, respectively. The platelet parameters were
analyzed by the Mindray-BC 5800 automated hematological analyzer. ANOVA and Kruskal-Wallis tests were used to compare the
difference between parametric and non-parametric continuous variables, respectively. Binary logistic regression was used to identify the
factors associated with thrombocytopenia. A P-value < 0.05 was defined as statistically significant for all statistical tests.

Results: Among COVID-19 patients, 45, 43 and 29 were mild, moderate and severe, respectively. 65.8% of the patients were males and
34.2% were alcohol drinkers with a mean age of 50.6 + 15.4. Moreover, 44.4% of the patients had co-morbidity. Thrombocytopenia was
presented in 23.9% of the patients. It was 4.57 (95% CI: 1.30-16.07) and 6.10 (95% CI: 1.54-24.08) times more likely in the moderate and
severe cases compared to mild cases, respectively. Disease severity was also associated with PDW (P-value = 0.001).

Conclusion: Even though thrombocytopenia was not presented in most moderate and severe COVID-19 patients, thrombocytopenia
and PDW were associated with disease severity.
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Background
Severe acquired respiratory syndrome corona virus-2 (SARS-CoV-2) occurred in Wuhan, China in December 2019." The
virus has genomic similarity to the severe acute respiratory syndrome-related coronavirus and is named SARS-CoV-2
which was finally dubbed coronavirus disease 2019 (COVID-19) by the World Health Organization.*~

Hemostasis is a complex process that keeps blood in a fluid state. It includes the clot formation and fibrinolysis.* The
imbalance of hemostasis cascades cause excessive clot formation or bleeding. In the majority of COVID-19 patients,
abnormal hemostasis is common and associated disease severity and prognosis.” ' Hypercoagulability is a usual
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pathobiological presentation in COVID-19 patients.® Therefore, it is essential to assess the hemostasis system including
the platelets (PLT) parameter in COVID-19 patients for proper disease management.g

Thrombocytopenia in COVID-19 patients is caused by a variety of mechanisms. One of the postulated mechanisms is
that coronaviruses may infect bone marrow cells, resulting in abnormal hematopoiesis and finally causes a low platelet
production. The other possible mechanism may be due to viral infection and inflammation that results in lung damage.
This leads to activating platelets in the lungs, resulting in aggregation and formation of micro-thrombi, which increases
platelet consumption. Autoimmunity may be another potential player that induces antiphospholipid antibody production
which was verified in various viral infections. COVID-19 may raise levels of auto-antibodies and immune complexes,
causing the immune system to specifically destroy platelets.'®

The management of critically ill patients has been incredibly hard because of the complexity and the insufficient
evidence on the pathogenesis of COVID-19."" Accordingly, laboratory data like PLT parameters are needed. They play
an important role in the clinical decision, treatment, and management of the diseases to improve the clinical care and
ensure prompt treatment.'>'>. It gives medical professionals the evidence-based data. Therefore, the main objective of
the study was to assess the prevalence of thrombocytopenia and its association with COVID-19 severity.

Materials and Methods

Study Design, Setting and Population

A prospective cross-sectional study was conducted from March 2021 to June 2021 on COVID-19 patients attending
Tibebe Ghion Specialized Hospital COVID-19 treatment center, northwest, Ethiopia. The Hospital is found in Bahir Dar
town which is 565 km away from Addis Ababa, the capital city of Ethiopia. The hospital is providing different medical
services to more than 5 million people in the region.'* All real-time reverse transcription polymerization chain reaction
(RT-qPCR) confirmed COVID-19 patients were the source of populations and the study populations were all RT-qPCR
confirmed COVID-19 patients during the study period. But, COVID-19 patients those unable to give biological samples,
those who had a predetermined platelet abnormality and those on antithrombotic therapy before the baseline platelet
determination were excluded from the study.

Sample Size Determination and Sampling Technique

The sample size was determined by using a census method.'> Therefore, the entire COVID-19 cases that fulfilled the
inclusion criteria within the study period were recruited. A total of 117 COVID-19 patients (45 milds, 43 moderates, and
29 severe cases) were included by the convenient sampling technique.

Operational Definitions
Thrombocytopenia
Thrombocytopenia was defined as a platelet count < 150 x 10°cells/uL.'®

Alcohol Drinkers
Men who consume more than 4 drinks/day or more than 14 drinks/week or women who consume more than 3 drinks/day
or more than 7 drinks/week.'”'®

Mild Cases

Mild clinical symptoms and no pneumonia manifestation found on imaging.'’

Moderate Cases
Patients have symptoms like fever and respiratory tract symptoms and pneumonia manifestation can be seen in
imaging."®

Severe Cases
Include those with any of the following; respiratory distress, respiratory rate >30 breaths/min; oxygen saturation < 93% at
rest; and partial pressure of oxygen <300. Patients with greater than 50% lesion progression within 24 to 48 hours in
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pulmonary imaging should be treated as severe cases if a respiratory failure occurs and mechanical ventilation is
required, shock, and complications from another organ failure that require monitoring and treatment in the ICU."”

Data Collection Procedures

Socio-Demographic and Clinical Data Collection

A pretested structured questionnaire was used as a tool for the collection of socio-demographic data. Relevant socio-
demographic data (gender, age, residence, current marital status, educational status, occupation, alcohol use) and past and
current medical history, including the history of chronic disease, were collected by trained nurses. A clinical data and
clinical examination of patient’s vital signs like body temperature, blood pressure, pulse rate, respiratory rate, and oxygen
saturation percentage were also measured and recorded on a data collection checklist.

To assure the quality of the data, the e questionnaire was prepared in English, translated to the Amharic language, and
then translated back to English to check for consistency. It was also pre-tested on 5% of COVID-19 patients at Debre-
Markos University’s COVID-19 treatment center for its accuracy before actual data collection. The appropriate one-day
training was given to all data collectors about the objective of the study, confidentiality issues, study participants’ rights,
consenting, and techniques of the interview before data collection. Socio-demographic and clinical data were collected by
trained and experienced nurses under the close supervision of investigators. Vital sign measurements (blood pressure,
temperature, pulse rate and respiratory rate were measured two times and the mean was taken as the actual measurement.
Every collected data was checked for its completeness daily by the investigators.

Blood Sample Collection and Analysis

After getting written informed consent from the study participants, 3 mL venous blood was collected aseptically from the
patients by an experienced medical laboratory technologist from their antecubital vein by using a vacutainer collection
system in an ethylene diamine tetraacetic acid anti-coagulated test tube (BD Vacutainer™ K2-EDTA tube, Plymouth,
England). The blood specimen and anticoagulant were mixed gently. Then the collected blood was checked for proper
labeling, hemolysis, and clotting pre-analytically.

Then after the PLT count was determined at Amhara Public Health Institute Laboratory by using the Mindray BC-
5800 automated hematological analyzer (Mindray, China). The hematological analyzer uses the impedance principle in
which a constant electric current is passed through an isotonic solution. Then it measures the changes in electrical
resistance that occur when blood cells pass through the detection aperture.?

To maintain the quality of the laboratory results, pre-analytical, analytical, and post-analytical precautions of quality
and the standard operating procedure (SOP) were strictly followed. All manufacturer instructions and SOP were strictly
followed. Every specimen collection procedure was performed aseptically to avoid contamination for both the patient and
the specimen, and the collected blood sample was checked for appropriate labeling, hemolysis and clotting pre-
analytically. Preventive maintenance of the instruments was done daily, weekly, and monthly by laboratory personnel.
All reagents and materials were checked for their expiration date, leakage, and signs of deterioration. The quality of the
complete blood count (CBC) results were maintained by running commercially prepared three-level quality control (low,
normal, and high) reagents before running the patient’s sample. The quality control result was compared with a specific
limit or range of quality control material. The patient specimen was run after the quality control result passed. The quality
was also checked by background reading.

Safety Management
Data collectors were provided training on COVID-19 prevention, including when to get tested, use of personal protective
equipment, and cleaning. Conditions of entry were displayed for any customers or visitors on entry points. Hand sanitizer
was provided at multiple locations throughout the workplace. Detergent/ disinfectant surface wipes were provided to
clean workstations and equipment used. Bathrooms were stocked with hand soap and paper towels and had posters with
instructions on how to wash your hands. There was frequent cleaning of touched areas and surfaces.

Disinfectant solutions were maintained at an appropriate strength and used per the manufacturer’s instructions. Data
collectors were wearing gloves when cleaning and washing hands thoroughly with soap and water before and after each
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activity. In general, the use of the required personal protective equipment like a particulate respirator, mask, gown and
gloves was ensured when contacting the patient and blood sample collection from the patient and also whenever it is
required in the process. All intervention procedures were done by sterilized and safe maneuvers.

Data Management and Statistical Analysis

The data were checked for completeness, cleaned, sorted, and categorized daily before being entered into EpiData
version 4.6 and exported to IBM SPSS version 25 for analysis. Socio-demographic and clinical characteristics of study
participants were summarized by using descriptive statistics and then presented in tables and text. Categorical variables
were given as frequency rates and percentages; continuous variables were expressed as mean and standard deviation (SD)
(parametric data) or median and Interquartile range (IQR) (non-parametric data). The Shapiro—Wilk test was used to
verify the normality of the distribution of continuous variables. Moreover, binary logistic regression was used to identify
the factors associated with thrombocytopenia. In all statistical tests, a p-value < 0.05 was considered statistically
significant.

Ethical Considerations

The study was conducted after it was reviewed and approved by the Ethical Review Committee of the School of
Biomedical and Laboratory Sciences, the University of Gondar with a reference number of SBMLS/2743/13.
A permission letter to conduct the study was also obtained from Tibebe Ghion Specialized Referral Hospital’s chief
executive officer before the commencement of the study, and the study was as per the principles of the declaration of
Helsinki II. Written informed consent was also obtained from each study participant and any participant who was not
willing to participate in the study was not forced to participate. They were also informed that all the data obtained would
be kept confidential by using codes instead of any personal identifiers and used only for the study purpose. Moreover, all
laboratory test results were communicated to their physicians for prompt patient management.

Results

Socio-Demographic and Behavioral Characteristics

A total of 117 COVID-19 patients were enrolled in this study. Of the included participants, 77 (65.8%) were male and 94
(80.3%) were urban residents. Education-wise, 49 (41.9%) have attained university or college, while the majority of the
participants were government employees, 42 (35.9%), followed by merchants, 27 (23.1%). Of the study participants, 102
(87.2%) were married and 40 (34.2%) had alcohol consumption habits. Most of the patients were between the age of 41 and 60
years old (36.8%) followed by the age of < 40 years old (34.2%) with a mean age of 50.6 +15.4 (Table 1).

Clinical Characteristics

Of the total study population, 52 (44.4%) had co-morbidity. Co-morbidity was significantly higher in moderate and
severe COVID-19 patients compared to mild COVID-19 patients (24.4%, 53.5% and 62.1% of mild, moderate and severe
patients, respectively) (Chi-Square p-vale = 0.002). The most common co-morbidities were diabetic Mellitus (17.1%)
and hypertension (14.5%) and the most common clinical presentations (signs and symptoms) were fever (57.26%),
headache (59.83%), breathing difficulty (51.28%), cough (44.44%), and myalgia (51.28%) (Table 2).

Platelet Parameters of COVID-19 Patients

In the current study, 28 (23.9%) of the COVID-19 patients had thrombocytopenia. The median PLT count was 198 x 10°/
L (IQR; 123) with a mean platelet volume (MPV) of 9.1l (IQR; 1.5). They also had 63.03 x 10°/L platelet large cell
count (P-LCC) (SD; 26.1 x 10°/L). PLT count was lower in moderate and severe cases. But, it was statistically
insignificant (P-value = 0.114). Mean platelet volume also had no significant differences between mild, moderate and
severe groups (P-value = 0.891). Moreover, the PCT (p-value = 0.081), P-LCC (P-value = 0.178) and P-LCC% (P-value
= 0.237) had no significant differences between mild, moderate and severe groups. However, Platelet distribution width
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Table | Socio-Demographic and Behavioral Characteristics of Study Participants
Attending at the Tibebe Ghion Specialized Hospital, COVID-19 Treatment Center

2021 (N=117)
Variable Category Frequency, n (%)
Age in years <40 40 (34.2)
41-60 43 (36.8)
>60 34 (29.1)
Mean + SD 50.6+ 15.4
Gender Male 77 (65.8)
Female 40 (34.2)
Residence Urban 94 (80.3)
Rural 23 (19.7)
Educational status Unable to read and write 10 (8.6)
Primary school 32 (274)
High school 26 (22.2)
College and above 49 (41.9)
Occupation Farmer 17 (14.5)
Housewife 12 (10.3)
Merchant 27 (23.1)
Government employee 42 (35.9)
Others ° 19 (16.2)
Marital status Unmarried * 15 (12.8)
Married 102 (87.2)
Alcohol use Yes 40 (34.2)
No 77 (65.8)

Notes: *single, widowed and divorced; ®private, student and unemployed.

(PDW) (P-value = 0.001) and thrombocytopenia (P-value 0.008) had significant differences between mild, moderate and
severe groups (Tables 3 and 4).

Factors Associated with Thrombocytopenia

The prevalence of thrombocytopenia was higher in females and older age groups. It was also higher in COVID-19
patients who had co-morbidity and alcohol consumption habits. However, all had no significant association with
thrombocytopenia. On the other hand, the clinical stage of the COVID-19 patient had a significant association with
thrombocytopenia. The odds of thrombocytopenia were 4.57 (1.30-16.07) and 6.10 (1.54-24.08) times more likely
among moderate and severe COVID-19 patients compared to mild COVID-19 patients, respectively (Table 5).

Discussion
Thrombocytopenia was the most common manifestation of the early epidemic of viral infection. It was observed in
20-55% of the SARS epidemic.?’ Among COVID-19 patients, thrombotic complications become a major
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Table 2 Clinical Characteristics of the Study Participants Attending the Tibebe Ghion Specialized Hospital, COVID-19
Treatment Center 2021 (N=117)

Co-Morbidities Clinical Presentations
Category Frequency, n (%) Category Frequency, n (%)
Co-morbidity Yes 52 (44.4) Fever Yes 67 (57.3)
No 65 (55.6) No 50 (42.7)
Type of co-morbidity Headache Yes 70 (59.8)
Hypertension Yes 17 (14.5) No 47 (40.2)
No 100 (85.5) Nausea Yes 32 (27.4)
Digestive system disorder Yes 10 (8.5) No 85 (72.6)
No 107 (91.5) Breathing difficulty | Yes 60 (51.3)
Diabetic mellitus Yes 20 (17.1) No 57 (49.7)
No 97 (82.9) Chest pain Yes 47 (40.2)
Heart disease Yes 3 (2.6) No 70 (59.8)
No 114 (97.4) Abdominal pain Yes 43 (36.8)
Liver disease Yes 1 (0.9) No 74 (63.2)
No 116 (99.1) Cough Yes 77 (65.8)
Cancer Yes 3 (2.6) No 40 (34.2)
No 114 (97.4) Sputum production | Yes 34 (29.1)
Tuberculosis Yes 4 (34) No 83 (70.9)
No 113 (96.6) Pharyngalgia Yes 50 (42.7)
Renal disease Yes 2 (1.7) No 67 (57.3)
No 115 (98.3) Myalgia Yes 60 (51.3)
Epilepsy Yes 3 (2.6) No 57 (48.7)
No 114 (97.4)
Human Immuno virus Yes 5(4.3)
No 112 (95.7)
Asthma Yes 8 (6.8)
No 109 (93.2)
Other respiratory disease * | Yes 10 (8.5)
No 107 (91.5)

Note: *Bronchitis and allergic rhinitis.

concern.”>**> These complications may cause thrombocytopenia which intern may associate with disease severity.
Thrombocytopenia can prolong hospitalization, increase the need of ventilation, and increase patient mortality.**
In the present study, thrombocytopenia at admission was presented in 23.9% of the COVID-19 patients (95% CI: 17.1-
32.5%). This might be due to COVID-19 patients having a higher level of P-selectin expression and activated platelets, elevated
circulating platelet-leukocyte aggregates, increased aggregation, and thromboxane generation. This leads to platelet
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Table 3 Platelet Parameters of COVID-19 Patients
Attending the Tibebe Ghion Specialized Hospital,
COVID-19 Treatment Center (N = 117)

Platelet Parameter Result

PLT x 10°/L: Median (IQR) 198 (123)
MPV, fl: Median (IQR) 9.1 (1.5)
PDWY, fl: Median (IQR) 16.4 (0.75)
PCT, %: Median (IQR) 0.19 (0.1)
P-LCC x 10%/L: Mean +SD 63.03 + 26.1
P-LCR, %: Mean +SD 31.36 + 845
Thrombocytopenia n (%) 28 (23.9)

Table 4 Comparison of Baseline Platelet Parameters with the Clinical Stage of COVID-19 Patients Attending the Tibebe Ghion
Specialized Hospital, COVID-19 Treatment Center (N = [17)

Variable Measurement Category Clinical Stage of the Disease P-value
Mild Moderate Severe
PLT x 10°/L Median (IQR) 209 (97) 186 (142) 190 (189) 0.114*
MPV, fl Median (IQR) 9.1 (1.4) 9.1 (1.5) 8.9 (1.75) 0.891%
PDW, fl Median (IQR) 16.4 (0.65) 16.5 (0.7) 17 (1.55) 0.001*
PCT, % Median (IQR) 0.19 (0.09) 0.17 (0.12) 0.17 (0.14) 0.081%
P-LCC x 10%/L Mean +SD 68.49 237 58.33 £ 25.64 61.55 £ 29.45 0.178°
P-LCR, % Mean +SD 3039 £7.35 3083 £ 9.11 33.65 £89 0.237°
Thrombocytopenia Yes; n (%) 4 (8.9) 13 (30.2) Il (37.9) 0.008°¢
No; n (%) 41 (91.1) 30 (69.8) 18 (62.1)

Notes: *Kruskal-Wallis test P-value; PANOVA test P-value; “Pearson Chi-square; the bold text shows significance P-value at 0.05.

consumption.”>® At admission, P-selectin expression was significantly increased in severe COVID-19 patients.>” Rampotas
Alexandros and Pavord Sue report that PLTs were aggregated in COVID-19 patients that showed the important role of platelets
in thrombotic complications or respiratory failure in COVID-19 patients.?® The direct attack on hematopoietic stem/progenitor
cells by the virus, lung injury, and platelet destruction by auto-antibodies may also cause thrombocytopenia.”’ Following the
viral infection, the cytokine storm destroys bone marrow progenitor cells and leads to a decrease in PLT production. The virus
also causes lung damage, resulting in PLT aggregation and micro-thrombi formation in the lungs which causes platelet
consumption. Production of autoantibody against PLT glycoproteins also destructs autoantibody-coated PLTs by the reticu-
loendothelial system leading to thrombocytopenia.*® A similar findings were reported in Turkey (25.1%),>' China (17.8%),*
Iran (30%)°> and USA (20%).%

Early identification of severe patients will improve patient outcomes and reduce mortality. The current study revealed
that the assessment baseline thrombocytopenia had significant value in the stratification of COVID-19 clinical stage at
admission. It was significantly higher in moderate and severe COVID-19 patients compared to mild cases. It was 4.57
and 6.10 times more likely in moderate and severe COVID-19 patients respectively. The presence of thrombocytopenia
may indicate the presence of some forms of coagulopathy with an increased risk of thrombotic events.>* The risk of the
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Table 5 Factors Associated with Thrombocytopenia Among COVID-19 Patients (N = 117)

Variable Category Thrombocytopenia AOR (95% CI) P-value
Yes; n (%) No; n (%)

Sex Female 10 (25.0) 30 (75.0) | 0.712
Male 18 (23.4) 59 (76.6) 0.71 (0.27-1.86)

Age <4| 8 (20.0) 32 (80.0) [
41-60 10 (23.3) 33 (76.7) 0.93 (0.30-2.92) 0.903
>60 10 (29.4) 24 (70.6) 1.23 (0.37-4.07) 0.737

Co-morbidity No 14 (21.5) 51 (78.5) | 0.522
Yes 14 (26.9) 38 (73.1) 1.35 (0.54-3.38)

Alcohol No 16 (20.8) 61 (79.2) | 0.822
Yes 12 (30.0) 28 (70.0) 1.12 (0.43-2.90)

Clinical stage Mild 4 (8.9) 41 (91.1) |
Moderate 13 (30.2) 30 (69.8) 4.57 (1.30-16.07) 0.018
Severe Il (37.9) 18 (62.1) 6.10 (1.54-24.08) 0.010

Note: The bold text shows statistical significance at P-value < 0.05.

thrombotic event was increased as the disease prognosis is worsening. A higher prevalence of thrombotic events was
found in ICU COVID-19 compared to non-ICU COVID-19 patients.*>* Other studies also supported this finding. Jin
et al reported that PLT was correlated with COVID-19 disease severity.”’ The Sayad et al study was also reported that
thrombocytopenia could be important indicator of severe COVID-19 which might associate with mortality.>* According
to the systematic review and Meta-analysis reported by Lippi et al thrombocytopenia increased the risk of disease
severity more than five times more likely.*” Moreover, a study in the USA by Barrett et al showed that COVID-19
disease severity was 1.4 times more likely among patients with thrombocytopenia compared to those without
thrombocytopenia.”®

Contrarily, there was another study disagreed with this finding. A study in the USA by Hana et al showed that platelet
count at admission had no a significant difference between severe disease versus non-severe disease.*' The difference
might attribute to the difference in the comparison method. In the current study, the comparison of platelet count and
disease severities was made by grouping the patients with thrombocytopenia and without thrombocytopenia. On the other
hand, the study in the USA used the mean platelet count which is affected by extreme values. This was also demonstrated
by the present study. The average PLT count, expressed by median (IQR), had no significant association with disease
severity (Kruskal-Wallis P-value = 0.114). This indicated that grouping COVID-19 patients as thrombocytopenia and
without thrombocytopenia might have a better clinical significance value than comparing them by the average PLT count.
Indeed, there was a study that showed the average PLT count was significantly lower in severe COVID-19 patients than
in non-severe cases.*

The current study also showed that PDW was significantly associated with disease severity (P-value = 0.001). Platelet
distribution width reflects the variation in the size of PLTs. It increases when PLT destruction increases and when the new
large immature platelet production raises for compensation. A study conducted by Bhandary et al also showed that PDW
was significantly associated with disease severity and it was higher in severe cases.”’ Moreover, Aydinyilmaz et al
showed that PDW had a statistically significant change between severe (admitted at ICU) and non-severe COVID-19
patients (ward patients).** Tire et al also revealed that PDW had a statistical difference between outpatients, patients who
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received standard treatment in the hospital and patients who had to be connected to a mechanical ventilator (ICU
patients).*

However, other studies revealed that PDW had no significant association with disease severity.*'****” The difference
might be due to the comparison groups. The studies, which were done by Gulu et al and Chaudhary et al, compared the
moderate and severe groups while in the current study the comparison was done between mild, moderate and severe
groups. On the other hand, Yardimci et al compared the ward and ICU COVID-19 patients.

Strengths and Limitations

Determining the severity of the disease with a simple and inexpensive test might have social benefits and might help the
scientific community for future studies. However, the current study had limitations. First, this study was a single-center
study. Second, the sample size was relatively low. Therefore, a multicenter study with larger sample size is needed to
verify the current findings.

Conclusions and Recommendations

Thrombocytopenia was presented in 23.9% of COVID-19 patients. It was significantly associated with the clinical stage
of the disease. However, still, most moderate and severe patients did not have thrombocytopenia (69.8% and 62.1%,
respectively). PDW was also associated with disease severity. Therefore, Thrombocytopenia and PDW can be used as
risk stratification markers in COVID-19 patients. Furthermore, a multicenter study with larger sample size is needed to
verify the current findings.
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