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Abstract

The study explored the association of laboratory parameters with radiologic severity of RT-PCR SARS-CoV-2 infection in healthcare workers (HCWs).

We retrospectively studied the HCWs with a positive SARS-CoV-2 PCR. Clinical, laboratory and radiological data were retrieved from the health records. Lung
opacities were assessed by two independent radiologists. Inferential statistics were used to determine association with CXR severity, laboratory parameters and
demographic characteristics. Receiver operating characteristics (ROC) curves for sensitivity and specificity of laboratory parameters to distinguish CXR severity was
analyzed.

Significant association of C-reactive protein (CRP) (p=0.0001), monocytes and eosinophil’s percentages with mild cases was observed. Lymphocyte to CRP Ratio
(LCR) was found to be associated with hypertension (p=0.006) and diabetes (p=0.007). The ROC curve for LCR against mild CXR severity showed a sensitivity of
84.5% with a specificity of 60.0%. The neutrophil to lymphocyte ratio (NLR) and lymphocyte to monocyte ratio (LMR) were found to be non-significant.

CRP, monocytes, eosinophil’s and LCR correlated with mild disease severity in SARS-COV-2 infection confirmed HCWs cases in Qatar. LCR was found to have

good sensitivity for discriminating mild cases and can serve as a marker to determine further referral in SARs-CoV-2 patients in a clinical setting.

Introduction

In the latter half of 2019, the number of viral pneumonia cases seen
in Wuhan, China rose exponentially with global spread throughout
2020. The virus was isolated from epithelial cells of the respiratory
system of infected individuals and was termed as Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2). In January 2020,
World Health Organization (WHO) declared it as a global pandemic
and named it as coronavirus disease (SARS-COV-2 infection) [1].

Given the clinical ambiguity in presentation of SARS-CoV-2 infection
with other common viral illnesses, early utilization of laboratory and
radiological investigations play a useful clinic adjunct in appropriately
managing suspected cases [2-4]. It is our aim that through piecing
together these markers and further correlating with image presentation
in early SARS-CoV-2 infection, Healthcare worker surveillance in future
pandemics could be improved through health policy reformation and
deeper understanding of early SARS-CoV-2 infection management.
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In approximately 80% of those infected with SARS-CoV-2, a
plethora of symptoms can develop. This can range from fever, cough,
dyspnea, fatigue, myalgia, hemoptysis, headache, diarrhea, olfactory
disorders, ischemic or hemorrhagic stroke, conjunctival hyperemia
etc. [5,6]. However, 15% of those affected will go on to be hospitalized
with critical disease & a further 5% will require admission into
intensive care unit [7]. Abnormal Chest tomography (CT) used to
monitor & facilitate diagnosis of Acute respiratory Distress Syndrome
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(ARDS) in the more sick infected population highlights the significant
role imaging plays in SARS CoV-2 infection [2,4] suggesting that
imaging plays a significant role in diagnosis and disease monitoring.
Documented reports suggest that patients with severe SARS-COV-2
infection have ground-glass opacity (GGO), local or bilateral patchy
shadowing, and interstitial abnormalities on CT indicating the clinical
utility of chest CT as a predictive tool. In addition to chest CT, Chest
X-Ray (CXR) is also considered as a useful adjunct in clinical care and
in understanding severity of COVID-19 pneumonia [2]. Although
X-ray being the less sensitive modality in the detection of COVID-19
lung disease compared to CT (69% compared to CT), its utilization in
identifying radiological findings still serves a useful adjunct in clinical
management (i.e. multifocal, bilateral ground glass opacities and
consolidations with peripheral and basal predominance [8-11]. CXR is
not limited by current infection control issues that limit CT utilization
in hospital settings making it more accessible, it is available as a mobile
unit and therefore more accessible in the early phase of SARS-COV-2
infection management [12].

Hematological and inflammatory markers too have been reported
to provide useful clinical insight in the early phase stages of confirmed
SARS-COV-2 infection [3]. Preliminary SARS-COV-2 infection
research has already shown that in early stages of SARS-COV-2
infection, the leukocyte count either remains normal or is decreased
while lymphocyte count remains low [13-15]. Furthermore, as the
disease dynamics changes, an increase or decrease in leukocytes/
lymphocytes is observed indicating that changes in blood parameters
can serve as useful prognostic/predictive markers in SARS-COV-2
infection [5,14]. In lieu of this, changes in hematological circulating
biomarkers associated with inflammation such as Neutrophil to
Lymphocyte ratio (NLR), Lymphocyte to Monocyte ratio (LMR),
Lymphocyte to C-Reactive Protein ratio (LCR) have been documented
as useful prognostic makers to assess disease severity and predict
inflammatory response in SARS-COV-2 infected patients [13,16-18].

The upsurge of SARS-COV-2 infectious cases for the 2nd time
since the beginning of the pandemic in the various global hotspots
including the Gulf, has presented increased pressures for the Healthcare
systems. In Qatar, UK and South Africa variants have been reported
and documented by the Ministry of Public Health (MoPH). These new
strains are found to be exhibiting more mutations and are associated
with increased risk of death and quicker spreading In March 2021, Qatar
documented 82% and 58% increase in ICU and hospital admissions
and 13 deaths since February 1%, 2021 [19]. Keeping these statistics in
perspective, it becomes increasingly important for HCWs and policy
makers facing these challenges to gain a deeper understanding of the
clinical presentation, laboratory, and radiological findings in frontline
staff. Correlation of clinical findings and tests, associations with patient
demographic enrich clinical decision making for triaging processes in
taking better care of Healthcare staff moving forward. Though, large
number of studies on imaging and laboratory data have focused on
COVID 19 infected patients, there is still paucity of respective data on
SARS-COV-2 infected HCWs. HCWs are at highest risk for spread of
infection and getting infected. They also struggle with long working
hours, fatigue, increased psychological stress resulting in a worse
disease prognosis. This can lead to increased lost workdays inducing
additional pressure on the hospitals [20]. Therefore, it is imperative
that robust biomarkers are identified and described in SARS-COV-2
infected HCWSs to monitor and help manage the disease promptly.

The aim of this observational study is to provide in-depth analysis
of the demographics, clinical characteristics as well as correlation
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of change in lab parameters with CXR severity in HCWs who had
confirmed SARS-CoV-2 infection via PCR testing. This will provide an
insight on the relationship among CXR findings and inflammation to
facilitate clinicians in early identification of HCWs/patients for further
referrals and monitoring. In addition, our study will aid healthcare
policy makers in healthcare staff deployment in future pandemics
ultimately protecting those who may be most at risk.

Clinical significance

o In mild CXR severity cases, approximately six-fold increase in CRP
levels was observed indicating the correlation of CRP levels with
changes in the lung lesions

o Lymphocyte CRP Ratio (LCR) was found to be significantly
associated with mild CXR severity. The ROC curves generated
showed that this marker has fair ability to discriminate normal cases
from mild CXR severity

o High CRP levels, low lymphocytes, and significant association of
LCR with mild CXR severity indicate that LCR can be used as a
biomarker of disease dynamics in SARS-CoV-2 infection in HCWs/
patients.

Methods

Study population: The retrospective, observational study
was conducted at the Central Staff Health Clinic, Hamad Medical
Corporation (HMC), Doha, Qatar between March 1, 2020, and May
18, 2020. HMC is Joint Commission International Accredited (JCIA)
public healthcare organization in the State of Qatar encompassing
14 hospitals with a total employed staff of >30,000. The Central Staff
Health Clinic in Doha, Qatar, caters to healthcare workers (HCWs)
from HMC associated hospitals.

Data collection: All HCWs at HMC facilities with RT PCR positive
result for SARS-COV-2 infection on a nasopharyngeal swab were eligible
to be included in this study. A total of 196 HCWSs were included if they
met the following criteria a) confirmed SARS-COV-2 infection RT-PCR
positive result b) having baseline laboratory results including blood
group, complete blood count, chemistry and C-Reactive Protein (CRP)
c) CXR within 10 days of confirmed RT-PCR SARS CoV-2 infection.
Data on demographics including age, gender, nationality, employment-
related information, co-morbidities (Chronic Kidney disease, diabetes,
chronic lung disease i.e. asthma, COPD, pulmonary fibrosis, Coronary
heart disease (CHD), hypertension, asthma, allergies etc.) as well as
laboratory, CXR related reports/images and symptoms (fever, dry
cough, sore throat, headache, respiratory symptoms, gastrointestinal
(i.e. diarrhea) disturbance, body ache and pain and rashes) were
extracted from the electronic health record system (Cerner, Kansas
City, USA). The HCWs who had missing laboratory parameters or CXR
reports/imaging were excluded from the study (Figure 1).

CXR assessment: For CXR assessment, a scoring system was
devised based on the modified RALE scoring system (a scoring system
previously utilized in published studies focusing on disease severity
assessment of SARS-COV-2 infection on CXR) [21]. The initial
frontal chest radiograph for each patient was scored independently by
two radiologists to mitigate the risk of recall bias based on a devised
scoring system of 0-24 and classified as normal/mild/moderate/severe
depending on the extent of lung opacities. Both ground glass opacities
(GGO) and consolidation were included under the term lung opacities
and any opacification (GGO or consolidation) were used for scoring.
Each lung was divided into 3 zones which were further divided into
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Figure 1. Flow diagram of patients

Figure 2a. Each lung is divided into three zones (indicated by lines) which are further divided into four sectors (indicated by dashed lines), resulting in a total of twenty-four sectors. The
upper, middle, and lower zones include the parts of the lungs above the level of the hilum, at the level of the hilum and below the level of the hilum, respectively 2b) subtle patchy opacities
in the right middle to lower lung zones (ellipse) which occupy a total area not exceeding one sector. This corresponds to a CXR severity score of 1/24 (Mild) 2¢) subtle patchy opacities are
seen peripherally in the right upper and left middle lung zones (ellipse) which occupy a total area of more than one sector but not exceeding the area of two sectors. This corresponds to a

CXR severity score of 2/24 (Mild)

4 sectors, resulting in a total of 24 sectors per patient. The upper,
middle, and lower zones include the parts of the lungs above the level
of the hilum, at the level of the hilum and below the level of the hilum,
respectively (Figure 2a). A score of 0-24 was assigned depending on
the number of sectors that contained airspace opacities. Opacities that
extended over more than one sector were scored based on the number
of sectors they filled. Finally, depending on the overall score, each chest
radiograph was assigned a severity rating of either mild (0-8), moderate
(9-16) or severe [17-24] (Figure 2b and Figure 2c).

Statistical analysis: Excel and SPSS v26 (IBM SPSS Statistics for
Windows, Armonk, NY: IBM Corp.) programs were used for data
management and analysis. Frequency (%), mean (SD) and median
(IQR) were used to describe the data. Normality of data was confirmed
with Kolmogorov-Smirnov test. Due to the non-normality of data, non-
parametric tests were used for the inferential statistical analysis. Mann-
Whitney, Kruskal-Wallis and Spearman rho tests were carried out at
alpha level of 0.05. Interclass correlation was done to measure the level
of agreement of the two radiologists for assessing the CXR images. The
optimal cut-off values of the LCR, LNR and LMR for the differentiation
of patients with different CXR levels were calculated by using the ROC
analysis. Furthermore, the curve was established to measure the level
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of sensitivity and specificity of the laboratory parameters. P<0.05 was
considered as statistically significant.

Ethics: The study was approved by the Institutional Review Board
of Hamad Medical Corporation with a waiver of informed consent
under a pandemic response framework adopted by the institution.

Results

Patient characteristics: We identified 196 HCWs who met the
study criteria. Table 1 shows the demographic profiles of HCWs. Most
of the HCWs were males (n=136, 69.4%) with a median (IQR) age of
40 (33.0-49.0) years. These largest group was nurses (n=84, 42.9%) with
direct contact (n=118, 60.5%) with patients. Most of the HCWs did not
have any comorbidity (n=144, 73.5%). However, main co-morbidities
observed included hypertension (n=29, 14.8%) and diabetes mellitus
(n=25, 12.8%). Furthermore, majority of the HCW's were asymptomatic
(n=171, 87.2%) while 12.8% (n=25) exhibited symptoms including sore
throat (n=86, 43.9%), fever (n=73, 37.2%), dry cough (n=71, 36.2%),
tiredness/aches/pain (n=20, 10.2%) and respiratory symptoms (n=11,
5.6%). (Table 1), (Figure 3).

Chest X-Ray: All HCWs underwent CXR within 10 days of
confirmed diagnosis. Of the 196 HCWs, mild CXR severity was
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Figure 3. Types of symptoms reported in HCWs
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Table 1. Baseline characteristics of HCWs
Characteristics N %
Median age years (IQR) |40.00 (33.0-49.0)
Males 136 69.4
Asian 148 75.5
Nationality Arab 28 14.3
Others 20 10.2
Nurse 84 429
Physician 15 7.7
Engineering 12 6.6
Occupation Paramedic 9 4.6
Pharmacist 9 4.6
Technician 10 5.1
Others 53 27.6
Direct contact 118 60.5
Contact Indirect contact 31 15.9
No contact 46 23.6
Hypertension 29 14.8
Diabetes Mellitus 25 12.8
e Chronic lung disease 7 3.6
Comorbidities Coronary heart disease 4 2.0
Chronic kidney disease 2 1.0
Other diseases 3 1.5
Normal
. Mild 175 89.3
Chest X-ray severity Score Ranges 0-9 21 10.7
Mean + SD: (0.22 + 0.74)

observed in 21 (10.7%) while the remaining 175 (89.3%) were found to have
normal CXR. Scoring from both radiologists was considered for evaluation
of severity. The scores ranged from 0 to 9 with an average score of 0.22
(0.74). The interclass correlation coefficient between the two radiologists
was found to be 0.841 (p=0.000) which indicates good agreement.

Laboratory findings: Table 2 shows hematological and biochemical
laboratory parameters of HCWs at the time of diagnosis. Of all 196 HCWs,
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mean CRP levels and monocyte percentage was found to be higher than
normal ranges i.e. 8.26mg/mland 9.82% respectively while mean eosinophil
percentage was found to be lower than normal ranges i.e. 1.71%. Significant
changes were observed in CRP (p=0.0001). The mean NLR, LMR and LCR
in all 196 HCWs was found to be 2.00, 3.76 and 1.63 respectively while in
21 mild CXR severity cases, it was found to be 2.16, 3.86 and 0.64.

Upon stratification of laboratory parameters with CXR severity
(n=21), changes in other laboratory parameters (below or above the
normal ranges) were also observed in several mild cases. Higher values
were observed in creatinine, total protein, alkaline phosphatase, ALT,
AST, CRP, RBC, lymphocyte% and monocyte % while lower values of
e GFR, albumin, MCV, MCH, platelets, absolute neutrophil number,
lymphocyte number and neutrophil%, lymphocyte%, eosinophil%
were observed (Table 2).

Relationship between NLR, LMR, LCR with HCW characteristics
and mild CXR severity: The association of NLR, LMR, LCR with HCW
characteristics and CXR severity showed that only LCR was significantly
associated with hypertension (p=0.006), diabetes (p=0.007) and mild
CXR severity (p=0.001). (Table 3).

Sensitivity and Specificity of mild CXR severity with NLR,
LMR, LCR (ROC Curves): To determine the sensitivity and specificity
of NLR, LMR, and LCR in distinguishing between normal and mild
CXR severity cases, ROC curves were developed. It was observed
that LCR showed a fair ability to discriminate mild CXR severity
(AUC: 0.718, 95% CI: 0.589 - 0.848, p-0.001) while the NLR and LMR
were not able to distinguish (AUC: 0.438, p=0.362 and AUC: 0.476,
p=0.722, respectively). The optimal cut-off value for the LCR for the
differentiation of normal/abnormal CXR of SARS-COV-2 infected
patients was 0.1407 (sensitivity: 85% and 1-specificity: 40%). (Figure 4).
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Table 2. Laboratory parameters of HCWs

Lab analytes
(reference ranges)

Urea

2.8-8.1 nmol/L
Creatinine

44-80 umol/L
eGFR

>60 ml/min
Sodium

136-145 mmol/L
Potassium

3.5-5.1 mmol/L
Bilirubin T

0-21 umol/L

Total Protein
66-87 gm/L
Albumin

35-52 gm/L
Alkaline Phosphatase
35-104 U/L

ALT

0-33 U/L

AST

0-32 U/L

CRP

0-5 mg/ml

WBC

4-10x10°/ul

RBC
3.8-4.8x10%/ul

Hgb

12-15 gm/dL

Het

36-46 %

MCV

83-101 fL

MCH

27-32 pg

MCHC

31.5-34.5 gm/dL
RDW-CV
11.6-14.5 %
Platelet

150-400 x 10°/ul
MPV
7.4-10.4 fL
Absolute
count Auto #
2-7 x 10°/ul
Lymphocyte #
1-3x 10°/ul
Monocyte #
0.2-1.0 x 10°/ul
Eosinophil #
0.0-0.5 x 10°/ul
Basophil #
0.02-0.10 x 10°/ul
Neutrophil %
50%-70 %
Lymphocyte %
25%- 40%
Monocyte %
2% - 8%
Eosinophil %
2%-4%
Basophil %
0-1%

Neutrophil

J Transl Sci, 2021

All HCWs
(n=196)
Mean (SD)

3.77(1.18)

78.9 (17.03)

60.35 (7.20)

137.73 (9.94)

4.15 (0.40)

7.82 (4.12)

78.22 (4.64)

41.29 (3.36)

68.58 (18.61)

30.14 (20.62)

27.41 (14.59)

8.26 (12.60)

630 (1.97)

5.09 (0.55)

14.25 (1.46)

43.10 (4.10)

85.00 (5.51)

28.12 (2.30)

33.05(1.19)

12.94 (1.41)

254.27 (68.50)

10.35 (0.90)

3.54 (1.48)

2.00 (0.74)

0.59 (0.22)

0.11 (0.15)

0.03 (0.46)

55.18 (10.75)

32.75 (9.55)

9.82 (3.72)

1.71 (2.07)

0.57 (1.11)

Mild CXR cases
(n=21)
Mean (SD) (ll‘\:[):‘:;n) N]({I\i/lgel:m)
3.5(0.76) 4@232)
80.71 (14.08) - 11 (91.63)
60.00 (0.00) 2 (48.5) -
137.91 (2.55)  5(134.4) -
4.11 (0.50) 2(32) 1(5.2)
8.76 (3.49) No Change
77.95 (5.42) - 191)
39.43 (3.70) 1(30) -
69.38 (16.08) 1(122)
30.76 (15.82) - 8 (46)
30.53 (20.65) - 5(48.4)
19.96 (19.89) - 14 (29.49)
6.17(1.77) 13.7) 1(10.7)
5.03 (0.48) - 13 (5.33)
14.37 (1.35) 1(11.4)  7(15.88)
43.25 (3.70) - 5(48.74)
85.89 (4.28) 6 (80.06) -
28.54 (1.63)  4(25.65) -
33.22(0.92) 1(31) 2(34.7)
12.53(1.03)  2(11.4) 1(15.5)
244.71(68.57)  1(113) -
10.19 (0.70) - 4(11.4)
3.71(1.47) 1(1.3) 1(8.3)
1.90 (0.59) 2(0.85) -
0.53 (0.18) - 1(1.1)
0.05 (0.07) No Change
0.02(0.01)  8(0.008) -
58.85(10.13)  2(417) | 4(74.75)
3125(9.00)  5(1938)  1(51.6)
8.58 (2.31) - 10 (10.43)
1.02(0.95)  16(0.64) -
0.31(0.18) No change

doi: 10.15761/JTS.1000464

Table 3. Relationship between HCW characteristics and laboratory parameters (n=196)

Parameters Hypertension Diabetes Mild CXR severity
Neutrophil/Lymphocyte ratio p=0.276 p=0.874 p=0.361
Lymphocyte/Monocyte ratio p=0.124 p=0.429 p=0.719
Lymphocyte/CRP ratio p=0.006** p=0.007*%* p=0.001****

Mann-Whitney U test. p<0.05 (statistically significant), * significant, **moderately
significant, ****highly significant

Discussion

In this observational study, we have explored and described the
clinical characteristics, laboratory parameters and radiological features
of SARS-COV-2 infection in HCWs in governmental hospitals in
Qatar. There are two published papers from Qatar focused primarily
on prevalence of SARS-COV-2 infection and risk factors in healthcare
workers (HCWs) [22,23]. This study provides an in-depth analysis of the
demographics, clinical characteristics as well as correlation of changes
in lab parameters with CXR severity in HCWs. The results also provide
an insight into laboratory-based biomarkers that could help clinicians
in early identification of SARS-COV-2 infection. This coupled with
CXR correlations observed in the study could aid in piecing together
the SARS-COV-2 infection presentations in HCWs more confidently.

We observed that demographically, the frequency of infection was
higher in Asian males (Indians and Filipinos) working in nursing profession
with direct contact to patients. Given that the Filipino and Indian ethnic
group make up the largest cohort in HCWs in Qatar this was an expected
finding. Hypertension and diabetes mellitus were the main co-morbidities
observed while the manifested symptoms were generally non-specific with
fever, sore throat and cough being most common followed by tiredness/
aches, respiratory symptoms, and headaches. Accordingly, our results are
consistent with published data from Qatar on HCWs [22,23].

CXR was assed rather than CT in the study as it was considered a
validated imaging modality in HMC for initial assessment of patients
who present mild symptoms of suspected COIVD-19. CT imaging was
reserved for use in the most severe cases of SARS-CoV-2 infection.
Several studies have demonstrated the value of CXR in assessment of
patients with SARS-COV-2 infection and the association of extent of
lung abnormalities on CXR with clinical parameters and/or disease
severity [24,25]. Usually, typical CXR findings in SARS-COV-2
infection include patchy or diffuse asymmetric airspace opacities
(consolidation and ground-glass opacities) [11,26]. 10% (21/196) of
the HCWs showed lung opacities (both GGO and consolidation) that
ranged from 0-9 on the devised scoring system and were designated
as mild cases. The remaining 175 were considered normal on CXR.
To mitigate recall bias, two radiologists had independently scored the
CXRs and the interclass correlation coefficient was calculated which
was found to 0.841 (p=0.000) indicating good reliability for the CXR
severity scoring. No HCW exhibited moderate or severe CXR severity in
the study. Several factors that may have contributed to this observation
include; HMC COVID-19 Policy for testing suspected cases result in
increased early presentation in RT-PCR SARS CoV-2infection cases,
our CXR scoring system did not incorporate additional scores based
on the density of airspace opacification which may have influenced
the assessment as less subjective and scoring of only the initial chest
radiograph might have contributed to the relatively low number of
abnormal CXR severity/lung involvement. This inference is based on
reports that note that the sensitivity of CXR in the first 2 days after
symptom onset is approximately 55% which subsequently rises to 79%
after 11 days [27,28]. Therefore, it is important to keep these factors in
perspective when planning future large scale prospective/retrospective
studies to have a better understanding of the disease dynamics.
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Figure 4. Receiver operating characteristics (ROC) curves for the abilities of LCR, NLR and LMR to distinguish CXR image level among COVID-19 infected patients

Amongst the most notable laboratory parameters, CRP was found
to be the main indicator of inflammation with consistently higher
than normal ranges observed in all 196 HCWs (8.26mg/ml) as well as
in all 21 mild CXR severity cases (19.96 mg/ml, p value=0.0001%**%).
Further stratification showed that 14/ 21 mild CXR cases exhibited
approximately six-fold increase in CRP levels (29.49mg/ml), indicating
that infection, inflammation, and changes in the lungs can lead to high
CRP levels. This finding is clinically important as it provides evidence
that CXR changes can be captured early on by variation in CRP levels
indicating the utility of this marker in acute-phase inflammatory
response. Other studies have also documented similar observations
for CRP in SARS-COV-2 Infection. For e.g. a study by Wang on the
correlation of CRP levels with lung lesions and severe presentation
showed that increased CRP levels were positively correlated with largest
diameter of lung lesions and disease severity (28). Studies by Hiu TC,
et al. and Orsi MA, et al. also showed significant positive correlation
between CXR severity and high CRP levels [29,30]. On the other hand,
a number of studies have documented on the importance of CRP as an
inflammatory marker that can be used to monitor and predict disease
severity/progression [28,31,32].

Monocyte percentages were also found to be higher (9.82%) in all
HCWs as well as in 10/21 mild CXR cases (10.43%). These findings

J Trans! Sci, 2021 doi: 10.15761/JTS.1000464

are consistent with reported studies that document significantly higher
levels of monocyte % at the time of diagnosis in SARS-COV-2 infected
patients [33]. Biamonte, et al. utilized baseline lab parameters to stratify
patients’ response and survival in Sars-CoV-2 infection [34]. The study
presented compelling data which showed that low risk patients (defined
as 1 death over 17 patients with good overall survival) had higher
monocyte count as compared to high/intermediate risk patients. The
study results indicated the discriminatory ability of monocytes and its
utility as a biomarker of disease severity.

We noted low eosinophil percentages (1.71%) in all HCWs as well
as in 16/21 mild CXR cases (0.64%). A similar trend was observed in
a study reported by Liu, et al. in which eosinophils exhibited lower
threshold at baseline diagnosis that increased significantly with
therapeutic intervention [35]. A further study in Qatar depicted similar
findings in which patients with eosinophilia exhibited milder clinical
course and fewer radiological abnormalities as compared to those
without eosinophilia, indicating that eosinophilia is associated with a
favorable outcome in SARS-CoV-2 infected patients [36]. Therefore,
findings from published literature indicate that eosinophilia may be an
indicator of COVID-19 recovery and thus eosinophil’s can be potential
candidates as biomarkers of response.
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In mild CXR severity cases other laboratory parameters also showed
difference in values from the normal ranges. For the sake of clarity, only
those parameters that showed significant difference in values from
normal ranges are being discussed here. Higher values of creatinine,
total protein, alkaline phosphatase, ALT, AST, CRP, RBC, lymphocyte%
and monocyte % while lower values of e GFR, albumin, MCV, MCH,
platelets, absolute neutrophil number, lymphocyte number and
neutrophil%, lymphocyte%, eosinophil% were observed in a number of
mild cases (Table 2). These findings are consistent with various studies that
have correlated high CRP, neutrophils, ALT, AST, bilirubin and creatinine
and low lymphocytes, eosinophils, platelets, albumin with immune-
mediated inflammation and disease severity in SARS-COV-2 infection
[14,18,37-43]. This study, in addition to the existing medical research
looking specifically at the lab hematology & biochemistry in SARs-CoV-2
infection, supports the use of CRP, monocyte, eosinophil percentages in
serving as early indicators of disease severity. Since these tests are done
routinely at early onset as well as during therapeutic intervention, their
utility is unprecedented. We advise caution in data interpretation given the
limitation of sample sizing in our study and advocate larger scale work to
gain deeper insight into the parameters described.

Emerging evidence suggests that peripheral blood neutrophil-
to-lymphocyte ratio (NLR), Lymphocyte-to monocyte ratio and
Lymphocyte-to CRP ratios can be used as a markers of systemic
inflammation, and may serve as a reliable predictor of disease severity
by differentiating between mild, moderate, and severe SARS-COV-2
infection [44-48]. LCR was found to be significantly associated with
diabetes (p=0.006), hypertension (p=0.007) and mild CXR severity
(p=0.001). The ROC curves generated showed that AUC for LCR was
0.718 and the optimal cut-off value for the LCR for the differentiation
of normal/abnormal CXR of SARS-CoV-2 infection was 0.1407
(sensitivity: 85% and 1-specificity: 40%) indicating fair ability of this
parameter to discriminate normal cases from mild CXR severity. For
NLR and LMR, the AUC were low (0.438 and 0.476) and were therefore
not reliable parameters for distinguishing mild CXR cases.

LCR is a well-known surrogate marker of immunological interactions
and systemic inflammatory process with favorable prognostic value
in various diseases [49,50]. A study by Wagas Ullah, et al. reported that
LCR can serve as a predictive marker for disease severity in SARS-CoV-2
infection due to several factors [47]. It is well known that CRP levels rise
early in SARS-CoV-2 infection while lymphocyte levels reduce significantly.
Therefore, it was postulated that due to this rise in CRP levels and reduced
lymphocyte levels early on into the disease, LCR may be a more sensitive
in capturing the early inflammatory cascade. Since CRP is not deregulated
by steroids (given during infection) or immune suppression etc., it can
truly represent induced inflammatory changes thus making LCR a robust
predictive marker for disease severity. Similarly, a meta-analysis on six
studies also concluded that decline in LCR might correlate with enhanced
inflammatory process, poor prognosis and disease severity of SARS-CoV-2
infection [51]. Since we observed similar findings in our study i.e. high
CRP levels, low lymphocytes, and significant association of LCR with mild
CXR severity, we concur with the reported data. We observed acceptable
sensitivity and specificity for LCR; therefore, we can carefully deduce
that LCR can be used in clinical settings to facilitate healthcare teams by
assisting early triage and guiding prognosis in SARS-CoV-2 infection in
HCWs/patients.

The limitation of this study is the small sample size and retrospective
design. Or recommendation is that large prospective studies exploring
timeline associated changes in both CXR and laboratory parameters
need to be performed. Such a study is more significant now as the
second wave of COVID-19 is in full force in Qatar and early markers
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may allow better understanding and management of disease within the
population of Qatar, especially amongst HCWss.

Conclusion

The study concludes that laboratory parameters can serve as
predictive and prognostic marker in SARS-CoV-2 infection disease
severity. In a pandemic situation, it is essential that tools such as CRP,
LCR and changes in laboratory parameters be tested and validated to
understand their utility as indicators of disease dynamics. These aspects
should be explored further in large scale studies to understand and
manage disease dynamics.
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