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Abstract

Background: COVID-19 has become the greatest pandemic of the century. Considering the role of some hematologic and biochemical
factors and their alterations due to the activity of the immune system, the current study aimed to evaluate LDH/CRP/ESR/RDW in
patients with COVID-19 and their relationship with the severity of lung involvement based on CT scan findings.

Methods: In this cross-sectional study, some biomarkers (LDH/CRP/ESR/RDW) were measured in 158 patients who were admitted
to the intensive care unit (ICU) or hospitalized in the infectious diseases ward of Rasoul-e-Akram and Firoozgar hospitals or attended to
the outpatient clinics. The diagnosis was confirmed by a positive RT-PCR test in all patients. The severity of lung involvement was
determined by CT scan findings for comparison. Data were collected and analyzed through SPSS version 22.

Results: Regarding the severity of lung damage according to the CT scan, 17.7% of the patients were normal, 19% had less than 25%
involvement, 17% had 25% -50% involvement, 33.5% had 50% -75% involvement, and 12% had more than 75% involvement.
Considering the increasing severity of lung damage based on CT scans, the levels of RDW, ESR, CRP, and LDH significantly increased
in parallel. The diagnostic value of RDW (cut-off point: 12.6, Sen: 73.1% (95%CI: 65.1-79.5), Sp: 53.6% (95%CI: 45.7-61.7), ESR (cut-
off point: 49, Sen: 46.9% (95%CI: 38.2-54.5)), Sp: 85.7% (95%CI: 789.-90.5)), CRP (cut-off point: 23, Sen: 62.8% (95%CI: 54.6-70.4),
Sp: 77.7% (95%CI: 70.3-84.1)) and LDH (cut-off point: 550, Sen: 65.1% (95%CI: 57.2-72.5), Sp: 85.7% (95%CI: 78.9-90.5)) were
significant in diagnosing the severity of lung involvement (P < 0.05).

Conclusion: The use of RDW, ESR, CRP, and LDH biomarkers could be effective in predicting the severity of lung damage in patients
with COVID-19.
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Introduction

Nowadays, COVID-19 has become the largest health
problem worldwide due to a high transmission rate greater
than Severe Acute Respiratory Syndrome (SARS) and
Middle East Respiratory (MERS) and Iran is recognized as

Corresponding author: Dr Nastaran Khodakarim, khodakarim.n@iums.ac.ir

1 Department of Internal Medicine, School of Medicine, Iran University of Medical
Sciences, Tehran, Iran

2. Department of Infectious Diseases, Rasool Akram Hospital, Iran University of Medical
Sciences, Tehran, Iran

3- Department of Infectious Diseases, Firoozgar Hospital, Iran University of Medical
Sciences, Tehran, Iran

a country with high infection rates (1-3). Severe lung in-
volvement is known to be the most common cause of mor-
tality in patients with COVID-19. However, recent evi-
dence has shown that lung involvement is not necessarily

1What is “already known” in this topic:

Biomarkers such as C-reactive protein (CRP), Lactate
dehydrogenase (LDH), and Red cell distribution width (RDW)
blood test along with the Erythrocyte sedimentation rate (ESR)
help determining the immune system's response to COVID-19
infection.

— What this article adds:
The use of biomarkers such as RDW, ESR, CRP and LDH are
effective to predict the severity of lung damage in patients
suffering from COVID-19.
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associated with mortality in patients with COVID-19 and
hypoxia of the lower extremities has been diagnosed as the
cause of death without lung involvement (4-6). Today, it is
known that COVID-19 causes multi-organ failure includ-
ing conjunctivitis, kidney, liver, olfactory system and even
mental status (7-11). Identifying the patients at risk of death
from COVID-19 is one of the fundamental challenges for
clinical physicians. Accordingly, due to the failure of se-
vere lung involvement to predict patient mortality as well
as the cost of chest CT scans, alternative methods for
screening patients are needed. In this regard, several prom-
inent biomarkers including C-reactive protein (CRP), Lac-
tate dehydrogenase (LDH), and Red cell distribution width
(RDW) blood test along with the Erythrocyte sedimentation
rate (ESR) test, could help determine the immune system's
response to COVID-19 infection (12, 13). However, the
exact function of the anti/pro-inflammatory cytokines and
blood cells involved in the pathogenesis of COVID-19 is
still controversial. Moreover, considering the involvement
of lungs and internal organs, assessing the level of relevant
biomarkers associated with muscle damage and hemolysis
such as LDH, could help predict the severity of COVID-19.
The present study aimed to evaluate the sensitivity and
specificity of LDH / CRP / ESR / RDW in diagnosing the
severity of lung damage in patients with COVID-19 based
on standard criteria of lung CT scans.

Methods

This study was cross-sectional. The study population in-
cluded the patients who were admitted to the intensive care
unit (ICU), infectious diseases ward and clinics related to
COVID-19 in Rasoul-e-Akram and Firoozgar hospitals. In-
clusion criteria were patients with COVID-19 diagnosed
based on RT-PCR test, patients who had CT scan records
to find out the lung involvement, and patients who were
satisfied to participate in the study. Exclusion criteria were
patients with thalassemia, anemia, chronic diseases of any
kind, and cancers.

In general, 158 patients during 6 months in 2020 through
the census sampling method participated in the current in-
vestigation, which was divided into two groups: 1) Con-
sisted of 100 patients admitted to the ward and 29 patients
admitted to the ICU with moderate to severe symptoms of
COVID-19; 2) Consisted of 29 patients attended COVID-
19 related clinics who were examined on an outpatient set-
ting and had mild or no symptoms.

Table 1. Clinical data of the patients with COVID-19

The serum levels of CRP, LDH, RDW, and ESR bi-
omarkers were assessed in these patients. Sysntex blood an-
alyzer (Sysmex Partec, Italy, Milan) was applied to meas-
ure the above-mentioned factors based on the manufactur-
er's protocol. CRP and LDH serum levels were measured
by turbid metric and enzymatic reaction (oxidation of lac-
tate to pyruvate), respectively.

To determine the percentage of lung involvement in com-
puted tomography (CT) scan, the most practical method is
based on a radiologist's eye evaluation. Another evaluation
is determining the involvement of each of the five lung
lobes from zero (no damage) to 25 (maximum damage) and
then, their sum and expression. In the present evaluation,
the chest CT scan and the severity of lung damage were
obtained as a percentage by measuring the total area in-
volved and the ratio of affected areas to the total lung. It
was necessary to mention that written informed consent
was accessed from all participating patients. Moreover, the
normal lab values performed in the hospital are as follows:

HB (mg/dl): 14 in men and 12 in women

RDW (%): 11-16

LDH (U/L): 225-500

ESR (mm/hr): <20

CRP (mg/L): <6

Statistical analysis

The data were analyzed through SPSS software version
22. Accordingly, the normal distribution of variables was
checked by the Kolmogorov-Smirnov test. Afterward, the
descriptive statistics were calculated and expressed as
mean, standard deviation and frequency. The diagnostic
value of lung damage was performed using Receiver Oper-
ative Characteristics (ROC) to present cut-off points/ideas,
sensitivity and specificity. Statistically, P<0.05 was consid-
ered a significant difference.

Results

In the current survey, 158 of the patients referring to the
Rasoul-e-Akram and Firoozgar hospitals were diagnosed
with COVID-19 based on RT-PCR test results in 2020. The
minimum and maximum age of the patients was 18 and 94
years, respectively. Besides, the mean age of patients was
56.36 = 17.04. Also, 65.2% (n=102) of patients were male.
Accordingly, the mean of the WBC rate was 8.18 x 10° +
3.53 x 10°. The mean HB was 14.09 + 1.52. The Mean
RDW was 13.61 & 1.56. The mean PLT was 236.94 x 10

Variable Frequency Percentage
CT report Normal 28 17.7
<25% 30 19
25%-50% 28 17.7
50%-75% 53 335
>75% 19 12
Age (year) as mean, SD 56.36 17.04
RDW (%) as mean, SD 13.61 1.56
WBC (10°/L) as mean, SD 8.18 3.53
Hb (mg/dl): as mean, SD 14.09 1.52
PLT(10%/pl) as mean, SD 236.94 114.06
MCV (um®) as mean, SD 87.97 4.66
ESR (mm/hr) as mean, SD 45.04 23.48
LDH(U/L) as mean, SD 667.06 328.74
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+ 114.06 x 103. The mean MCV was 87.97 + 4.66: The
mean ESR was 45.04 + 23.48. The mean CRP was 24.54 +
25.06. The mean LDH was 667.06 + 328.74 (Table 1).

Relationship between RDW and the severity of lung
damage in patients with COVID-19 infection

The relationship between RDW (e.g., values of sensitiv-
ity, specificity, positive/negative predictive value, accu-
racy, and area under the ROC curve for RDW) and the se-
verity of lung damage based on CT scan in patients with
COVID-19 are reported in Table 2 and Figure 1. The diag-
nostic value of RDW with a cut-off point of 12.6 was sig-
nificant in diagnosing the severity of lung damage based on
CT scan in patients with COVID-19 (P < 0.05).

Relationship between ESR and the severity of lung
damage in patients with COVID-19 infection

The relationship between ESR (e.g., values of sensitivity,
specificity, positive/negative predictive value, accuracy,
and area under the ROC curve for ESR) and the severity of
lung damage based on CT scan in patients with COVID-19
are reported in Table 3 and Figure 2. The diagnostic value

Table 2. Relationship between RDW and the severity of lung damage

of ESR with a cut-off point of 49 was significant in diag-
nosing the severity of lung damage based on CT scan in
patients with COVID-19 (P < 0.05).

Relationship between CRP and the severity of lung
damage in patients with COVID-19 infection

The relationship between CRP (e.g., values of sensitivity,
specificity, positive/negative predictive value, accuracy,
and area under the ROC curve for CRP) and the severity of
lung damage based on CT scan in patients with COVID-19
are reported in Table 4 and Figure 3. The diagnostic value
of CRP with a cut-off point of 23 was significant in diag-
nosing the severity of lung damage based on CT scan in
patients with COVID-19 (p<0.05).

Relationship between LDH and the severity of lung
damage in patients with COVID-19 infection

The relationship between LDH (e.g., values of sensitiv-
ity, specificity, positive/negative predictive value, accu-
racy, and area under the ROC curve for LDH) and the se-
verity of lung damage based on CT scan in patients with
COVID-19 are reported in Table 5 and Figure 4. The diag-

Cut Specificity Sensitivity Accuracy Negative Positive Negative Positive Like- AUC P value
point (%) (%) (%) value (%) value (%) Likelihood lihood Ratio
95%CI Ratio
12.5 46.4 76.9 71.5 30.2 87.0 0.497 1.434 0.617 0.053
(38.2-54.3) (69.2-82.9)  (63.8-78.4)  (23.3-38.1) (80.4-91.5) (0.310-0.684)  (1.247-1.621)  (53.3-69.0)
12.6 53.6 73.1 69.6 30.0 88.0 0.501 1.575 0.633 0.027
(45.7-61.7) (65.1-79.5)  (61.8-76.6)  (22.7-37.5)  (81.8-92.6)  (0.314-0.688)  (1.388-1.762)  (55.2-70.8)
12.7 53.6 66.9 64.5 259 87.0 0.617 1.441 0.602 0.089
(45.8-61.5) (59.1-74.3)  (56.5-71.9)  (19.3-33.5)  (80.2-91.5)  (0.430-0.804)  (1.254-1.628)  (52.0-67.8)
ROC Curve
1.0 -
0.5 LT -
= 957 -
= 0.4 . "A
0.2— - i
0.0 - T T T T
oo o2 0.4 o8 os 1.0
1 - Specificity
Diagonal segments are produced by ties
Figure 1. ROC curve for RDW with a cut-off point of 12.6 in the detection of the severity of lung damage
Table 3. Relationship between ESR and the severity of lung damage
Cut Specificity Sensitivity Accuracy Negative Positive Negative Positive Like- AUC P value
point (%) (%) (%) value (%) value (%) Likelihood lihood Ratio
Ratio
48 82.1 46.9 53.1 25.0 92.4 0.646 2.620 0.645 0.016
(75.4-87.8)  (38.8-54.9)  (45.0-61.1)  (18.7-32.8)  (87.1-96.0)  (0.459-0.833) (2.433-2.807) (56.5-71.9)
49 85.7 46.9 53.7 25.8 93.8 0.619 3.279 0.663 0.007
(789.-90.5)  (38.2-54.5)  (45.7-61.7)  (19.3-33.5)  (88.6-96.9)  (0.432-0.806)  (3.092-3.466)  (58.5-73.7)
50 89.3 43.1 51.2 25.3 94.9 0.637 4.028 0.662 0.007
(83.3-93.6) (35.2-51.1)  (43.2-59.2)  (19.1-32.9)  (90.2-97.7)  (0.450-0.824)  (3.841-4.215) (57.8-73.1)
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Figure 2. ROC curve for ESR with a cut-off point of 12.6 in the detection of the severity of lung damage

Table 4. Relationship between CRP and the severity of lung damage

Cut Specificity Sensitivity Accuracy Negative Positive Negative Like-  Positive Like- AUC P

point (%) (%) (%) value (%) value (%) lihood Ratio lihood Ratio value

22 77.8 62.8 64.5 77.8 93.1 0.478 2.828 0.703 0.001
(70.5-84.0)  (54.6-70.2)  (56.5-71.9) (705-840) (87.8-96.4) (0.29 —-0.665) (2.64-3.015)  (624.-77.2)

23 77.7 62.8 64.5 77.8 93.1 0.478 2.828 0.703 0.001
(70.3-84.1)  (54.6-70.4) (56.9-71.7 (707-843) (87.8-96.5) (0.291-0.665) (2.641-3.015)  (626.-77.4)

24 77.8 20.9 30.3 17.1 81.8 1.016 0.941 0.494 0.916
(70.3-84.0)  (14,8-28,0)  (23.3-38.1)  (11.5-23.8)  (74.7-87.3) (0.829-1.203) (0.754-1.128)  (41.3-57.4)

1o ROC Curve
_E. 0.6 K -
1 - Specificity
Diagonal segments are produced by ties
Figure 3. ROC curve for CRP with a cut-off point of 12.6 in the detection of the severity of lung damage
Table 5. Relationship between LDH and the severity of lung damage

Cut Specificity Sensitivity Accuracy Negative Positive Negative Likeli-  Positive Like- AUC P

point (%) (%) (%) value (%) value (%) hood Ratio lihood Ratio value

540 82.1 66.7 68.9 34.8 94.5 0.405 3.726 0.744 <0.001
(75.4-87.8) (58.5-73.7)  (61.1-76.1)  (27.4-42.7)  (90.2-97.7) (0.218-0.592) (3.539-3.913)  (66.4-80.6)

550 85.7 65.1 68.3 34.8 95.5 0.407 4.552 0.754 <0.001
(78.9-90.5) (57.2-72.5)  (60.4-75.5)  (27.4-429) (91.0-98.2) (0.220-0.594) (4.365-4.739)  (67.8-81.8)

560 85.7 63.6 67.0 33.8 95.3 0.424 4.405 0.746 <0.001
(78.9-90.7) (55.2-70.8)  (59.1-74.3)  (26.2-41.4)  (90.6-97.9) (0.237-0.611) (4.218-4.592)  (67.1-81.2)

nostic value of LDH with a cut-off point of 550 was signif-
icant in diagnosing the severity of lung damage based on
CT scan in patients with COVID-19 (P < 0.05).

Discussion

According to the obtained results, there was a significant
relationship between RDW, ESR, CRP, and LDH with the
severity of lung damage based on CT scan in patients with
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COVID-19. In other words, considering the increasing se-
verity of lung damage, the levels of RDW, ESR, CRP, and
LDH were increased in parallel. The diagnostic value of
ESR with a cut-off point of 49, sensitivity, and specificity
of 46.9% and 85.7% respectively was significant in diag-
nosing the severity of lung damage based on CT scan in
patients with COVID-19. Moreover, the diagnostic value
of CRP with a cut-off point of 23, sensitivity and specificity
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Figure 4. ROC curve for LDH with a cut-off point of 12.6 in the detection of the severity of lung damage

of 62.8% and 77.8% respectively was significant in diag-
nosing the severity of lung involvement. Subsequently, the
diagnostic value of LDH with 550 cut-off points, sensitivity
and specificity of 65.1% and 85.7%, respectively, were sig-
nificant in diagnosing the severity of lung involvement in
patients with COVID-19 infection. Therefore, it seems that
applying RDW, ESR, CRP, and LDH is useful in predicting
the severity of lung involvement in patients with COVID-
19. Based on literature reviews, few studies were per-
formed to evaluate the sensitivity and specificity of LDH /
CRP / ESR / RDW in diagnosing the severity of lung in-
volvement in patients with COVID-19 according to stand-
ard lung CT scan criteria. However, in some previous stud-
ies, LDH, CRP, ESR, and RDW biomarkers were in-
vestigated in patients with COVID-19 (14-17). For exam-
ple, in a study by Poggiali et al. (14), the results demon-
strated that in patients with COVID-19, the levels of CRP,
LDH, ALT, and AST, significantly increased, so that the
severity of pulmonary function in the PaO, / FiO; test was
directly related to LDH and CRP levels. Therefore, two fac-
tors, LDH and CRP, could be related to the prevention of
decreased pulmonary function in patients with COVID-19.
These findings were consistent with the results of our study.
In a study by Han et al. (15), consistent with the results of
our study, they noted that CRP and LDH levels in patients
with severe symptoms were significantly higher than in
other patients. LDH showed higher specificity and sensitiv-
ity to CRP which could be applied as a predictor of the se-
verity of lung involvement. Consistent with the present
study, Li et al. (16) indicated that in patients with COVID-
19 accompanied by severe chest involvement, CRP and
ALT levels were significantly higher than in other patients.
Furthermore, in patients with severe symptoms compared
to the group of patients with non-severe symptoms, the
ESR and CRP levels were 1.44 and 1.54 times higher, re-
spectively (17). Therefore, these investigations described
the effectiveness of ESR and CRP in predicting the severity
of COVID-19 with high accuracy. In another study, Ng et

al. (18) evaluated the effectiveness of laboratory markers in
determining the severity of COVID-19. Accordingly, the
patients with COVID-19 were included in the study and la-
boratory tests including hematologic and immunological
biomarkers, were obtained and compared with the severity
of clinical and radiographic symptoms. The results showed
that in patients with severe symptoms, both RDW-CV and
RDW-SD biomarkers were significantly higher than in pa-
tients with moderate symptoms which described the effec-
tiveness of these two biomarkers in predicting the severity
of COVID-19 (10). Taken together, one of the strengths of
the current investigation was its diagnostic value. It should
be known that macro-level health policies such as vaccina-
tion, social distancing, new trials about pharmaceutical
agents and other preventive measures are strongly needed
to prevent patients from severe forms of COVID-19 involv-
ing lung damage. We believe that prophylaxis is better than
diagnosis and treatment (19-21). However, our study had
some limitations. The limitations of the current study were
the lack of enough similar studies to be compared with the
present study. Therefore, it is suggested that similar further
studies be designed in the future. Also, the sample size in
the present study was not large. The lack of significance of
the two groups could also be due to the low sample size, so
it suggested that the sample size be larger in future related
studies.

Conclusion

Based on the results of the present study, it seems that the
use of RDW, ESR, CRP, and LDH is useful in predicting
the severity of lung involvement in patients with COVID-
19.
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