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ABSTRACT
Background: Quantitative, as well as qualitative changes in lymphocytes associated with viral
infections, are a known fact. However, coronavirus seems to have trilineage involvement in
hematopoietic cells. The study was conducted to assess the association of morphology changes in
peripheral blood smear with the severity of the disease and to develop a risk scoring system for early
detection of severity in COVID-19 patients.
Methods: This was an prospective observational study conducted at a tertiary care referral center in
North India. A total of 92 patients diagnosed between 1st to 31st March 2021 with COVID-19 infection
by RT-PCR testing were included in the study. Multivariate binary logistic regression analysis was
used to assess the independent predictors whereas the ROC curve was used to assess the diagnostic
accuracy and a corresponding cut-off value of the risk scoring system.
Results: Out of the total, 40/92(43.4%) patients were having severe disease. White blood cells
(WBC) and neutrophil morphology were identified as significant independent risk factors for severity
and included in the risk scoring system. Risk scores ranged from 0-9, a higher score indicates higher
severity. Total 12% of patients had scores 0 whereas 12% had scores in the range of 6-9. Area under
ROC (AUROC) curve indicates that accuracy of the severity risk score was 80.8% with at-risk score
≥3 and ≥4, sensitivity/specificity were 80%/65.4% and 77.5%/73.1% respectively with a good
agreement (75%, p>0.05) between predicted and observed severity.
Conclusion: White blood cells and Neutrophil morphology are significant independent risk factors for
disease severity. Complete blood count along with peripheral blood smear examination for
morphological changes and its scoring system is a quick, simple, and cheap method which can be
useful not only to predict severity but also in daily monitoring daily in COVID-19 infection especially
which is more useful in a setting of limited resources. However, studies with more patients are needed
to validate the results.
Keywords: COVID-19 infection, Complete blood count, Hematology, Morphology, Peripheral blood
smear, Scoring system.
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INTRODUCTION_____________________
The first case of COVID-19 infection was reported from the
city of Wuhan, China in 2019. Thereafter the number of cases
increased explosively throughout the globe leading the WHO
to declare this outbreak a public health emergency of
international concern on 30th January 2020 and later on as
a pandemic on 11th March 2020.1 Coronavirus derives its
name from the spike-like projections on the membranes of
the virus giving it the shape of a crown which is referred to
as corona in Latin.2,3
The virus can be transmitted between humans by direct
contact as well indirect contact through contaminated
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objects. The entry of the virus into the human body is by the
interaction of its spike surface glycoprotein S with
angiotensin-converting enzyme 2(ACE 2) present in the
human body. The ACE 2 is distributed in various tissues of
the human body with predominance in the nasopharyngeal,
oropharyngeal epithelium lung, kidney, heart, and
gastrointestinal tract. This explains the involvement and
extent of damage caused by the virus in these organs. The
clinical manifestations may be mild while some require
hospitalization and critical care.3
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A review of the literature reveals morphological changes in
peripheral blood associated with a viral infection like H1N1
Influenza A and severe acute respiratory syndrome.4
However, not much information is available regarding the
involvement of morphological changes in peripheral blood
associated with coronavirus infection. The study was aimed
to assess the relationship between quantitative as well as
qualitative changes in peripheral blood smear of patients with
COVID-19 infection and its correlation with disease severity.
The secondary objective was to develop a scoring system to
predict the disease severity of covid-19 patients using
complete blood count and morphology.
Ethics approval
Ethical clearance was taken from the institute's ethical
committee with the waiver for consent. (2021-56-IP-EXP-36:
PGI/BE/1204/2021)

METHODS__________________________
A prospective observational study was conducted at a
tertiary care referral hospital with a dedicated COVID care
facility. All the COVID-19 patients admitted at this facility
between 1st March 2021 to 31st March 2021 and whose
complete blood count and morphology investigations were
done were included in the study. A total of 92 patients
admitted with a diagnosis of COVID-19 infection as per study
inclusion and exclusion criteria were analyzed. The patients
were tested positive for COVID-19 infection by reverse
transcriptase-polymerase chain reaction (RT-PCR), with
swabs taken from the nasopharyngeal and oropharyngeal
region. The patients were categorized into two group's viz.
severe group and non-severe group. Patients having
diagnoses grades 3 and 4 were categorized as severe while
patients having diagnoses grades 1 and 2 were categorized
as a non-severe group. Complete medical data of 92 patients
were collected from the hospital information System (HIS).
The clinical details such as age, gender, presenting
symptoms, co-morbid conditions, treatment details, and
hematological investigation reports were noted. The
hematology analysis was done as part of routine clinical
protocol on a fully automated 5-part hematology analyzer
(Abbott Ruby cell Dyn). The samples were processed after a
daily trilevel quality check. The peripheral blood smears were
made manually and stained using Leishman stain by a
trained laboratory technician. They were then studied for
morphological changes if any by a pathologist using a light
microscope. The findings were noted and microphotographs
were taken wherever required.
Definition: Grade 1: Asymptomatic or pre-symptomatic
infection: COVID-19 positive individuals with no symptoms
that are consistent with COVID-19.Grade 2:Mild illness:
COVID-19 positive individuals with various signs and
symptoms of COVID-19 infection like fever, cough, sore
throat, headache, body ache, loss of sensation of taste or
smell, vomiting but do not have an abnormality on a chest
imaging study. Grade 3: Moderate illness: COVID-19 positive
individuals with evidence of lower respiratory disease during
clinical assessment or on an imaging study. Grade 4: Severe
or critical illness: COVID-19 positive individuals with a
saturation of less than 94% in room air or respiratory failure
or septic shock or multiple organ dysfunction or lung
infiltrates more than 50% on an imaging study
Statistical analysis: Continuous variables are presented in
median (interquartile range "IQR") whereas categorical
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variables are in number (%). Mann Whitney U test was used
to compare the medians whereas the Chi-Square test /
Fisher exact test was used to compare the proportion
between severe and non-severe patients. Univariate analysis
was used to identify the variables associated with disease
severity. All the significant factors in univariate analysis were
included in multivariate analysis to identify the independent
risk factors for the severity. The regression coefficients (β)
[validated by its 95% CI using Bias-corrected and
accelerated (BCa) in Boot-strapping methods] and adjusted
odds ratio was calculated for the independent risk factors
evaluated through multivariate analyses. The calculated
regression coefficients were multiplied by 2 (for increasing
size of the score) and nearest integers (in case <0.5
considered 0 whereas ≥0.5 considered as 1) were taken for
the scoring system. The discrimination capability of the
COVID-19 blood morphology-based Severity Risk Score
(CBMSS) between non-severe and severe patients and its
appropriate cut-off value was assessed through the receiver
operating characteristic (ROC) curve with corresponding
sensitivity and specificity. Hosmer–Lemeshow test was used
to assess the goodness of fit between observed and
predicted cases. P-value <0.05 was considered statistically
significant. Statistical package for social sciences, version23, and MedCalc software was used for data analysis.

RESULTS___________________________
Of the 92 study patients, 40(43.4%) patients were diagnosed
as severe (grade of 3 and 4) and 52(56.6%) patients were
diagnosed as non-severe (grade 1 and 2). The median ages
of the patients were 56.5 years with a range of 18-90 years.
The majority of the patients were males (58, 63%). The
severity of the disease is positively correlated with higher age
(median; 62.50 vs. 53.50, p<0.05). Similarly, duration of
symptoms, cough, breathlessness, comorbidities including
diabetes and hypertension were significantly higher in severe
patients. Co-morbidities were present in 66.3% of patients.
Hypertension (43.5%) and diabetes (35.9%) were more
common. Co-morbidities were more common in our patients
due to referral bias as our center is a tertiary care referral
hospital and patients were referred for treatment from
primary and secondary health care centers. The patient
characteristics are as shown in Table 1.
Total leucocyte count, absolute neutrophil count, neutrophillymphocyte ratio (NLR) were significantly higher (each
p<0.05) whereas differential leucocyte count (monocyte),
differential leucocyte count (lymphocyte), and differential
leucocyte count (eosinophil) were significantly lower (each
p<0.05) in severe patients as compared to non-severe
patients. (Table 2)
Area under ROC curve indicates that accuracy of the
differential neutrophil was 70.2% (95% CI: 59.3% - 81.1%,
p=0.001) and at cutoff value of 71.50 and 77.50,
sensitivity/specificity for severity were 70%/51.9% and
67.5%/69.2% respectively.
The various morphological changes seen in neutrophil series
include changes in nuclear lobes like hypolobation, pseudo
pelger huet changes, changes in cytoplasm like cytoplasmic
vacuolation, hypo granularity. The various morphological
changes seen in the lymphocyte series include the
plasmacytoid appearance of lymphocytes, reactive changes
- increase in the size of lymphocyte to 2-2.5 times with
irregular nucleus with clumped chromatin and dark basophilic
scant to moderate amount of cytoplasm and large granular
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lymphocyte. The morphological changes seen in monocytes
include reactive changes - an increase in the size of
monocyte to 1.5 to 2 times with abnormal cytoplasmic
vacuolization. The morphological changes seen in platelets
include giant forms, clumping of platelets. No morphological
changes were seen in the eosinophil and basophil series.
The morphological changes that were observed in the
peripheral blood smear in the red blood cell, leucocyte, and
platelets are as tabulated below in Table 3 & Figure 1.
Risk factors and prediction model for severity in COVID19 Patients:
In total, 9 variables were analyzed by Univariate binary
logistic regression, and out of them, except lymphocyte
morphology (p=0.087) and platelet count (p=0.161), the other
7 variables were significantly associated with severity. From
these 7 variables, by using Lasso Binary logistic regression,
a combination of three variables (WBC morphology,
Neutrophil morphology, and presence of comorbidity) was
considered significant independent predictors for severity of
COVID-19 patients. [Table 4, Figure 2 & 3].
Further, these three independent predictors of severity were
included in the scoring system. For the development of the
severity risk score, calculated regression coefficients were
multiplied by 2 (for increasing size of the score), and the
nearest integers (in case <0.5 considered 0 whereas ≥0.5
considered as 1) were taken for the scoring system. A
COVID-19 blood morphology-based Severity Scoring
(CBMSS) was generated as shown in Table 5.
The severity score distributions were as follows: Neutrophil
morphology - 2 points; WBC morphology-4 points and
presence of anyone Comorbidity-3 points; [Table 5]. The
predicted score ranged between 0 to 9. Total 12% of patients
had scores 0 whereas 12% had scored 6-9. The estimated
severity risk score was increasing; corresponding disease
severity was also increasing indicating a significant positive
association between the score and patient's disease
severity. (p<0.001). [Figure 4].
Accuracy of the COVID-19 blood morphology-based
Severity Risk Score (CBMSS)
Area under ROC (AUROC) curve indicates that accuracy of
the severity risk score was 80.8% (95% CI: 71.9%, 89.7%,
p<0.001) [Figure 5]. ROC Curve revealed that for severity
prediction, at-risk score ≥3, sensitivity and specificity would
be 80% and 65.4%. Similarly, Sensitivity and specificity were
observed at 77.5% and 73.1% at CSRS ≥4. The performance
of this model was validated by Hosmer–Lemeshow
goodness of fit test which demonstrated a good agreement
(75%) between predicted and observed severity with the
non-significant difference (P value=0·612), indicating that
there was no departure from a perfect fit.
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Table 1: Details of patient characteristics in severe and non-server
group of COVID-19 infection (n=92)
Variables
Age (years)

Total (n=92)

Severe (n=40)

56.5(4466)

62.5(53.572.8)

Non- Severe
(n=52)
53.5(42-61)

P
value
0.003

Gender (Male)

58(63%)

25 (62.5%)

33 (63.5%)

0.925

Duration of symptoms
(days)

6(2-8)

6.5(4-9.7)

5(2-7)

0.028

Asymptomatic

7 (7.6%)

0

7(13.5%)

-

Fever

73(79.3%)

33(82.5%)

40(76.9%)

0.512

Cough

57(62%)

30(75%)

27(51.9%)

0.024

Breathlessness

37(40.2%)

26(65%)

11(21.2%)

0.001

Bodyache

32(34.8%)

13(32.5%)

19(36.5%)

0.687

Diarrhoea

5(5.4%)

4(2.5%)

4(7.7%)

0.272

Nausea

4(4.3%)

1(2.5%)

3(5.8%)

0.446

2(5%)

0

-

Anorexia

2(2.2%)

Loss of sensation of taste
and smell

2(2.2%)

1(2.5%)

1(1.9%)

0.851

Duration of hospital stay
(days)

13(10,19)

14(11,20)

12(9,17)

0.076

Outcome (Death)

19(20.6%)

18(45%)

1(1.9%)

0.001

61(66.3%)

33(82.5%)

28(53.8%)

0.004

Hypertension

40(43.5%)

25(62.5%)

15(28.8%)

0.001

Diabetes

33(35.9%)

23(57.5%)

10(19.2%)

0.001

Kidney
disease

9(9.8%)

2(5%)

7(13.5%)

0.176

Heart disease

8(8.7%)

4(10%)

4(7.7%)

0.697

Thyroid
disorder

8(8.7%)

5(12.5%)

3(5.8%)

0.258

Comorbidity

Other
24(26.1%)
11(27.5%)
13(25%)
0.787
comorbidity
For duration of symptoms: # Median (Q1, Q3) compared by Mann Whitney U test Frequency (%)
compared by chi-square test/ Fisher exact test, column% are given within parenthesis. P<0.05
significant.

Table 2: Details of parameters in complete blood cell count in severe
and non-severe group of COVID-19 infection (n=92)
Parameters

Total (n=92)

Severe (n=40)

Hemoglobin (g/dl)

12.3 (10.9513.87)

12.3
(11.6-14.1)

Non- Severe
(n=52)
12.3
(9.9-13.7)

Hematocrit (%)

39(36.4-44.10)

39.5(36-44)

39(36.6-44.2)

Total leucocyte count
(x 109/L)

6.6(4.9-10.60)

7.4(5.4-13.3)

5.9(4.3-8.7)

Absolute neutrophil
count (x 109/L)

4.7(3.1-8.5)

5.7(4.1-11.6)

3.8(2.6-6.6)

0.002

Absolute leucocyte
count (x 109/L)

1.07(0.76, 1.57)

1(0.6-1.3)

1.1(0.7-1.7)

0.127

Neutrophil lymphocyte
ratio (NLR)

4.4(2.5, 10.6)

7.5(2.9-12.7)

3.3(2-6.7)

0.002

Absolute monocyte
count (x 109/L)

0.38 (0.27,0.48)

0.3(0.2-0.4)

0.3(0.2-0.4)

0.531

Absolute eosinophil
count (x109/L)

0.08(0.05, 0.13)

0.07(0.05-0.14)

0.08(0.05-0.12)

0.972

Absolute basophil
count (x 109/L)

0 (0, 0.06)

0(0, 0)

0.03(0-0.06)

-

143 (105, 173)

150(109.2184.5)

127(102.7158.2)

0.09

62(28.8-85.3)

57 (15.5-84)

63(31-89)

Platelet count
(x 109/L)
ESR(mm in 1st hr)

P value
0.30
0.85
0.007

0.51

Median (Q1, Q3) compared by Mann Whitney U test. P<0.05 significant
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Table 3: Morphological changes seen in red blood cells, lecucoytes
and platelets in severe and non-severe group of COVID-19 infection
(n=92)
Parameters

Total
(n=92)

Severe (n=40)

NonSevere
(n=52)

P
value

Table 5: COVID-19 blood morphology-based Severity Risk Score
(CBMSS)
Variable's

Regression
Coefficient

95% C.I.

Final Scores

Neutrophil morphology

1.134

0.174-2.426

2

WBC morphology

1.819

0.643-3.964

4

Comorbidity

1.543

0.505-3.225

3

RBC morphology
Anemia

20(21.7%)

13(32.5%)

7(13.5%)

0.028

Normocytic normochromic

2(2.1%)

0

2(4%)

-

Microcytic hypochromic

13(14.1%)

8(20%)

5(9.6%)

0.156

Macrocytic

4(4.3%)

3(7.5%)

1(1.9%)

0.193

Dimorphic

1(1.1%)

1(2.5%)

0

-

Abnormality in RBC

20(21.7%)

5(12.5%)

14(26.9%)

0.090

7(17.5%)

0

-

WBC Morphology
Neutrophil
Hypolobation other than
pseudo pelgerhuet
anomaly

7(7.6%)

Cytoplasmic vacuoles

2(2.2%)

2(5%)

0

-

Hypogranular cells

1(1.1%)

1(2.5%)

0

-

Pseudo PelgerHuet
anomaly

32(34.8%)

22(55%)

10(19.2%)

<0.001

Apoptotic cells

33(35.9%)

16(40%)

17(32.7%)

0.469

Smudged cell

1(1.1%)

0

1(1.9%)

-

Abnormality in Neutrophil
morphology

57(62%)

31(77.5%)

26(50%)

0.007

Plasmacytoid change

1(1.1%)

1(2.5%)

0

-

Reactive change

56(60.9%)

26(65%)

30(57.7%)

0.476

6(6.5%)

5(12.5%)

1(1.9%)

0.042

60(65.2%)

30(75%)

30(57.7%)

0.084

11(27.5%)

5(9.6%)

0.025

Section: Laboratory Medicine

Regression coefficient was estimated using binary logistic regression analysis.
P<0.05 significant.

Figure 1: Morphological changes in peripheral blood in COVID-19
infection slides stained using Leishman stain. A- Pseudo PelgerHuet
anomaly [100x], B- Apoptotic cell [100x], C- Lymphocyte showing
plasmacytoid change [100 x], D-Lymphocyte showing reactive
changes [100 x], E- Monocyte with reactive changes [100 x], FPlatelet satellitism [40 x]

Lymphocyte

Large granular
lymphocytes
Abnormality in Lymphocyte
morphology

Monocyte
Activated with abnormal
vacuolation

16(17.4%)

Giant forms

15(16.3%)

7(17.5%)

8(15.4%)

0.785

Clumping

9(9.8%)

4(10%)

5(9.6%)

0.951

Abnormality in platelet
morphology

23(25%)

10(25%)

13(25%)

0.999

Platelet morphology

Table 4: Association of Patients mortality with Comorbidity and
Laboratory investigations (N=92)
95% C.I.

Monocyte morphology
Lymphocyte morphology
Neutrophil morphology
Platelet count

Higher odds ratio (>1) indicating increased risk of severity

TLC
Duration of symptoms (days)
Number of comorbidity

Odds ratio
Value

Reference line when p>0.05

NLR

Chi square test / Fisher exact test used. P<0.05 significant

Variable's

Figure 2: Forest plot showing the association of risk of disease
severity with Laboratory variables (Uni-variate analysis)

P value

Any comorbidity
0

Univariate analysis

2

3

4

5

6

7

8

9

10

11

12

Univariate analysis : Odds ratio (95% confidence interval)

Neutrophil lymphocyte
ratio(NLR)

1.09

1.02-1.18

0.015

Monocyte morphology

3.57

1.12-7.31

0.031

Lymphocyte morphology

2.20

0.89-5.43

0.087

Neutrophil Morphology

3.44

1.37-7.64

0.008

Platelet count

1.01

0.99-1.02

0.161

Total leucocyte count
(TLC)
Duration of symptoms

1.14

1.03-1.26

0.011

1.16

1.03-1.31

0.018

Number of Comorbidity

1.77

1.21-2.59

0.004

Any Comorbidity

4.04

1.52-10.78

0.005

(days)

1

Figure 3: Forest plot showing the association of risk of disease
severity with Laboratory variables (multivariate analysis).

Multivariate analysis
Neutrophil morphology

3.11

1.151-8.42

0.026

WBC morphology

6.17

1.50-25.39

0.012

Any Comorbidity

4.68

1.53-14.29

0.007

Binary Logistic regression analysis used. P<0.05 significant
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Figure 4: COVID-19 blood morphology-based Severity Risk Score
(CBMSS) showing when score increases, observed severity in cases
are also increasing.

Figure 5: ROC Curve showing diagnostic accuracy of the COVID-19
blood morphology-based Severity Risk Score (CBMSS).

DISCUSSION________________________
In the present study, an effort was made to assess the
morphological changes if any in the peripheral blood and also
whether the morphological changes in the various cells seen
in the peripheral blood viz. red blood cells, leucocytes, and
platelets can be used to predict the severity of disease in
COVID-19 infection. Mostly the red blood cells did not have
any aberrant morphological changes other than due to
anemia. However, occasional nucleated red blood cells were
seen in two patients with the non-severe disease and can be
attributed to bone marrow stress due to the viral infection and
hyper inflammation.5,6 Study by Kaur et al found coarse
basophilic stippling which was not observed in the present
study.7
A specific feature observed in COVID-19 infection is the
involvement of the myeloid series which is usually not seen
in other viral infections. The findings of high total leucocyte
count and absolute neutrophil count in the severe group can
be attributed to the cytokine storm caused due to COVID-19
infection or superadded bacterial co-infection.8 The
involvement of the myeloid series as a result of accelerated
and disorderly granulopoiesis associated with hyper
inflammation was reflected even as changes in the
morphology and some features like pseudo pelger huet
anomaly, monolobated neutrophils, smudging associated
with severity. However, clumping of chromatin, toxic
granulation was not observed in the present study.5-7,9-14
Authors in their studies have predicted that the persistence
of changes even after recovery could be a predictor for post
COVID syndrome.9,15
The lymphocytes are primarily involved in viral infections; the
absolute lymphocyte count was on the lower side of the
normal range while others found it to be reduced. Also, the
International Archives of BioMedical And Clinical Research
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reduction in the cell count was used as a predictor of severity
by some authors in their study.12,16-18 The immunophenotypic
analysis of COVID-19 affected patients' blood by flow
cytometry has revealed increased antigen expression of
CD3, CD5, CD8, and CD8+ T cell subpopulation and
attributed it to direct infection of these cell lines by
Coronavirus as well indirect injury by a cytokine storm.8,17,19
The involvement is evident by marked morphological
changes as large granular lymphocytes, reactive changes
namely lymphoplasmacytic appearance, and atypical
lymphocytes with abundant blue cytoplasm.5-7,9-15,20 The
other cell affected was monocyte as evident from the fact that
the count was found to be on the lower side of the normal
range as also observed in studies by a few authors, the
monocytopenia was associated with marked morphological
changes and attributed it to marked interferon driven
inflammation especially in patients with type 2 diabetes and
severe COVID-19 infection.6,7,9-11,16 Contrary to findings in
the present study Pezeshki et al studied the morphological
changes in peripheral blood in 89 COVID-19 positive patients
and concluded that the morphological changes were neither
able to predict the prognosis nor outcome.21
In the present study, the basophils and eosinophils did not
show any morphological changes.9 The platelet count was
on the lower side with few studies reporting
thrombocytopenia. A prominent morphological change noted
was giant platelets in both groups. The release of immature
forms from the bone marrow into the peripheral blood may
be part of the stress response of the bone marrow to the
infection and the inflammation caused. Also, the state of
hypercoagulation reported in some patients with severe
disease critically ill may be attributed to the presence of giant
platelets along with endothelial injury caused due to the
cytokine release.8,9,13,15 Other occasional findings like
clumping of platelets, platelet satellites observed by some
authors may also be explained by the hyper inflammation.6,14
Apoptotic cells are rare in the peripheral blood but were seen
in both the groups and can be attributed to the damage
caused due to cytokine storm caused in turn by COVID-19
infection.6,7,9-11,15
The combination or ratio of hematology parameters yields
more information as compared to a single parameter,
neutrophil to lymphocyte ratio is such a ratio which can be
easily obtained .it was found to be raised in severe disease.
In COVID -19 infection the neutrophil, as well as the
lymphocyte cell, is involved while the cytotoxic effect on the
lymphoid cells evident as lymphopenia can explain the
elevation in NLR.9,22
The hematological involvement in COVID-19 infection is
unique in the sense that it has multilineage involvement and
the changes in all cell lines along with clinical signs and
symptoms clubbed together can aid in developing a scoring
system. There are various studies conducted to develop of
covid-19 risk scoring system although maximum studies
have predicted mortality considering demographic,
epidemiological, and clinical variables and there is a dearth
of studies available in which only hematological laboratory
variables were used to predict the severity of the COVID-19
disease. A recently published study by Mishra et al
demonstrated that increasing age, breathlessness, cough,
and presence of diabetes and other comorbidities (with or
without diabetes) were independent risk factors, contributing
to mortality in COVID -19 patients. The risk score was ranged
from 0-9 with an area under the ROC curve of 82.9%.23 A
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similar methodology was used in the present study with
hematological laboratory variables. In the study, based on
independent risk factors evaluated from blood morphological
changes in the blood of COVID-19 patients, the risk score
was ranged from 0-9, the higher score had more severe
disease with discrimination accuracy of 80.8% (AUROC). A
similar study was conducted by Zhang C et al in Beijing, they
used age, absolute neutrophil count, total leucocyte count
along with myoglobin and glomerular filtration rate for
developing the scoring system to predict severity of disease
in COVID-19 infection. The AUC for the scoring system was
0.906 with sensitivity and specificity of 70.8% and 89.3%
respectively.24
Strength and limitations
The strength of the study is the exploration of morphological
changes and their association with COVID-19 disease
severity. The limitation of the study is the limited sample size
and no follow-up.

CONCLUSION_______________________
Complete blood count along with peripheral blood smear
examination for morphological changes is a quick, simple,
and cheap method that can be done even in the primary
health centers as it can be done with minimal training and on
basic hematology analyzers. It can be used not only to
predict prognosis on admission but the peripheral blood
smears can be stored and compared for changes to monitor
daily progress. This can be helpful in the early detection of
complications and subsequently reducing mortality
especially in a setting with limited resources. However,
studies with more patients are needed to validate the results.
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