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Abstract

Background: This study aimed to determine the serum levels of lactate
dehydrogenase isoenzymes (LDH1, LDH2, LDH3, LDH4, and LDH5) and their
contribution to the total lactate dehydrogenase enzyme elevation observed in
COVID-19 patients.

Design of study: This study was conducted in collaboration between Al-Nahrain
University/College of Medicine/Chemistry and Biochemistry Department and Al-
Yarmouk Teaching Hospital, Baghdad, Irag. The study included 90 patients with
confirmed COVID-19 infection: 45 with severe symptoms, and 45 with mild
symptoms during the period from February 2021 to June 2021. The different LDH
isoenzymes (LDH1, LDH2, LDH3, LDH4, and LDH5) were determined by
enzyme-linked immunosorbent assay (ELISA) kits.

Results: This study showed high correlation between total lactate dehydrogenase
(LDH) enzyme and disease progression and severity in patients with COVID-19.
The study also showed significantly higher levels of the lactate dehydrogenase
isoenzymes (LDH1, LDH3, and LDH4) in patients with severe symptoms.
Conclusion: This study suggests that elevation of serum lactate dehydrogenase
(LDH) in patients with COVID-19 may be associated with the release of more than
one of LDH isoenzymes into the bloodstream, therefore the use of total LDH as a
specific biomarker for lung affectation in patients with COVID-19 is not specific,
but the assay of all LDH isoenzymes could give a better understanding of the
tissues most affected by the virus.
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Introduction

As of August 7, 2020, over nineteen million people have been confirmed infected
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) globally and
the pandemic has caused over seven hundred thousand deaths worldwide so far
according to Johns Hopkins University Coronavirus Resource Center [1]. To
effectively prioritize resources for the patients at high risk of mortality,
identification of clinical and laboratory predictors of progression towards fatal
forms is urgently needed. Lactate dehydrogenase (LDH) is a cytoplasmic enzyme
which is widely expressed in tissues. The enzyme converts pyruvate, which is the
final product of glycolysis, to lactate when oxygen is in short supply [2]. LDH
comprises two separately enclosed subunits, resulting in five isozymes. Each
iIsozyme is expressed in a specific organ: LDH 1 in cardiomyocytes, LDH 3 in lung
tissue and LDH 5 in hepatocytes [3]. Increased LDH was observed in different
conditions such as tissue injury, necrosis, hypoxia, hemolysis or malignancies [4,
5]. Additionally, Tao et al. found that LDH was associated with death in patients
with community acquired pneumonia (CAP) caused by viruses [6]. Furthermore,
LDH has been proved to be a prognostic factor with high accuracy in diseases
involving multiple organ injuries such as acute heart failure (AHF) and severe
acute pancreatitis (AP) [7, 8]. Coronavirus disease 2019 (COVID-19) is a disease
that could cause multiple organ injuries including heart [9], liver and kidney
injuries [13-16]. Similarly, a growing number of studies demonstrated that elevated
LDH value was associated with significantly increased mortality in patients with
COVID-19 [12]. But in most studies, patients with various levels of COVID-19
severity were pooled and analyzed, this may prevent accurate evaluation of the
relationship between LDH and disease progression and in-hospital death because
the majority of deaths were from severe and mild patients.

To our knowledge, not many studies have determined the contribution of the LDH
isoenzymes to the total LDH elevation usually observed in COVID-19 patients.
Therefore, this study aimed to investigate the association of LDH with the in-
hospital mortality in severe and mild patients with COVID-19 and estimate the
predictive accuracy of total LDH and LDH isoenzymes.

Patients, Materials and Methods:
Patients:
Patients and study design:
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This is a cross sectional study that was conducted in Department of Chemistry and
Biochemistry at the College of Medicine/ Al-Nahrain University and Al- Yarmouk
Hospital City).
Ninety patients with confirmed COVID-19 infection: 45 with severe symptoms
and 45 with mild symptoms participated in this study during the period from
February 2021 to June 2021. All participants are > 18 years of age.
Patients with severe symptoms are patients who meet any of the following criteria
as determined by the Iragi Ministry of Health guidelines:

e Respiratory distress (RR > than 30 / m in adults)
Blood oxygen saturation lees than 93 % on ambient air.
Lung infiltrates > 50 % of the lung field within 24 hours.
Blood oxygen saturation leses than 93 % on ambient air.
Lung infiltrates > 50 % of the lung field within 24 hours.

Exclusion criteria: patients with congestive heart failure, liver diseases, renal
failure, diabetes mellitus, Any lung problems, and patients that were taking oral
anticoagulants > 6 month.

Blood sample collection and storage:

About 5ml of venous blood samples were obtained from all participants. The blood
was left to clot for 15 minutes at room temperature. After coagulation, serum was
separated by centrifugation at 3000 rpm for 10 minutes.

Measurement of serum total LDH was performed using Cobas C311 analyzer.
Serum Human LDH-1 kit, Serum Human LDH-2 kit, Serum Human LDH-3 Kit,
Serum Human LDH-4 kit and Serum Human LDH-5 kit were all purchased from
B.T.L Company, China.

Other tests performed include C-reactive protein (CRP), Ferritin, and D-dimer
tests.

Statistical analyses were performed by using SPSS software version 25.0 (SPSS,
Chicago). Mann-Whitney U test was used to compare between severe and mild
infected patient’s total LDH levels, as well as the levels of the different LDH
iIsoenzymes. The correlation between total LDH and its isoenzymes with
quantitative variables in mild and severe cases was explored using Spearman’s
correlation test. A p- value less than 0.05 were considered to indicate a statistically
significant difference.

Results

The mean age of the patients with severe symptoms was 57.51+10.8 years which
was higher than that of mild disease (41.71+14.7 years) with highly significant
difference, as shown in Table 1.

Volume 23, Issue 8, August - 2021 Page-445



Journal of University of Shanghai for Science and Technology

Table 1: Demog

Variables

Mild cases
(n=45)

raphic characteristics of the stud

Severe cases
(n=45)

ISSN: 1007-6735

population

Age, years
Mean+SD
Range

41.71+14.7
22-74

57.51+10.8
35-80

Gender
Male
Female

25(55.569%)

20(44.44%)

*P-value: 0.05 represents significant difference
>0.001 highly significant difference

31(68.89%)
14(31.11%)

Serum total LDH was significantly higher in patients with severe symptoms than
patients with mild symptoms (p < 0.001)
With the exception of LDH2 and LDHD5, the LDH isoenzymes (LDH1, LDH3 and
LDH4) were higher in severe than mild cases as shown in Table 2. All parameters

were presented as mean *

significant difference, and >0.001 highly significant differences.

Table 2: Serum levels of total LDH and LDH isoenzymes

standard deviation with p-value: 0.05 represents

Variables Normal Mild cases Severe cases p- value *
Range (n=45) (n=45)

Total LDH, U/L
Mean+SD Upto250 U/L | 267.53+152.68 |444.36+200.53 <0.001
LDH1, ng/ml
Mean+SD 3.3 - 6.5 ng/ml 5.65+2.13 9.0+£2.53 <0.001
LDH2, ng/mi 3 - 7ng/ml 4.92+1.12 0.009
MeaniSD - ng m 5681146 . Il. .
LDH3, ng/ml

’ 6 - 14 ng/ml 5148. 17.0+£5.53 0.004
Mean+SD g 11.5148.2
LDHA4, ng/ml 3.1 - 12ng/m|
Mean+SD 4.91+1.48 7.71+4.32 <0.001
LDHS5, ng/ml

’ 9-2. I .68+2.34 <0.
Mean+SD 0.9 -2.8ng/m 1.59+0.4 0.68+2.3 0.001

*P-value: 0.05 represents significant difference
>0.001 highly significant difference
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D-dimer, ferritin and CRP were all significantly higher in patients with severe
symptoms when compared to patients with mild symptoms, as given in Table 3.

Table 3: Serum levels of D-dimer,ferritin and CRP in both study groups

Variables Mild cases Severe cases
(n=45) (n=45)

D-dimer, mg/L
Mean+SD 0.34 £ 0.26 1.63+£1.22

Ferritin, ng/mi
Mean+SD 250.8 + 219.2 559.9 + 273.9

CRP, mg/L
Mean+SD 28.5+26.5 54.7 £ 26.8

*P-value: 0.05 represents significant difference
>0.001 highly significant difference

Spearman correlation was used to explore the possible correlations between markers
and other continuous variables. This study did not show any significant correlation
between LDH isoenzymes and the other tests for patients with severe COVID-19
infection as shown in Table 4.

Table 4: Spearman correlation between LDH and its Isoenzymes and other parameters in

patients with severe infection

Variables Ferritin

r
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Discussion

Our results suggests that the elevation of serum LDH levels in COVID-19 may be
due to the release of more than one of the LDH isoenzymes into the bloodstream,
in which it was found that (LDH1, LDH3, and LDH4) were significantly higher in
patients with severe symptoms.

A study by P. Serrano-Lorenzo et., al., 2021, suggested that elevation of plasma
LDH activity in patients with COVID-19 is not associated to a specific release of
LDH-3 into the bloodstream, and they do not support the use of LDH as a specific
biomarker for lung affectation in patients with COVID-19[12].

Juan MO. Et. Al., 2020, found that the patients with mild COVID-19 who are apt
to develop severe diseases may be related to combined hypertension, decreased
LYM, and longer PT, and increased CK level. For the mild patients with these
clinical features, early intervention may effectively prevent the progression to
severe diseases [13]

Another study by Y. Zhu et. al., 2020, showed that there were different degrees of
damage to the liver, kidneys, blood coagulation, and heart function in the non-
survival group. In addition, PLT, AST, BUN, CR, D-Dimer, PT, FIB, F VIII:C,
CK-MB, CK, and LDH had value in evaluating disease prognosis [14].

Therefore, the results obtained in this study agree with many other studies,in that
COVID-19 infection causes direct damage to various organs and not only the lungs
[14, 15, 16, 17].

Conclusion

The elevation in the levels of the LDH isoenzymes, could help to identify the main
source of LDH release since they are relatively tissue-specific and thus may help in
the early detection of damage in a certain tissue or even multiple organ damage.
Therefore, adding the early analysis of LDH isoenzymes with other blood
indicators might improve the survival rate of severely ill COVID-19 patients.
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