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Abstract

Objectives: The aim is to investigate the usefulness of
lactate dehydrogenase (LDH)/Albumin, LDH/Lymphocyte
and LDH/Platelet ratios on the prognosis of coronavirus
disease (COVID-19) Alpha (B.1.1.7) variant pneumonia.
Methods: A total of 113 patients who were diagnosed with
COVID-19 pneumonia and 60 healthy control group were
included in this study. The cases were divided into 2 as
classic COVID-19 group, and COVID-19 B.1.1.7 variant
group. Complete blood count (CBC) and biochemical
parameters of the patients were analyzed retrospectively.
Patients with COVID-19 B.1.1.7 variant group were also
grouped according to the length of stay in the hospital and
the days of hospitalization.

Results: LDH/Albumin, LDH/Platelet, and LDH/Lympho-
cyte ratios were found to be higher in COVID-19 B.1.1.7
variant group when compared to the control group
(p<0.001). The ferritin, neutrophils/lymphocyte (NLR) ratio,
procalcitonin (PCT) and LDH/Albumin had the highest area
under the curve (AUC) values in the COVID-19 B.1.1.7 variant
group (0.950, 0.802, 0.759, and 0.742, respectively).
Albumin, Lymphocytes and hemoglobin values were
significantly higher in the COVID-19 B.1.1.7 variant group
than in the classic COVID-19 group (p<0.05).

Conclusions: LDH/Albumin and LDH/Lymphocyte ratios
may be useful for clinicians in predicting the risk of pro-
gression to pneumonia in COVID-19 B.1.1.7 variant patients.
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Introduction

The COVID-19 pandemic started to appear in China/Wuhan
at the end of 2019 and many people lost their lives [1].
Hospitalization and quarantine periods are prolonged
because of the high transmission and severe symptoms of
the COVID-19 virus. SARS-COV-2 still continues its disease-
causing effects through various mutations. Numerous vari-
ants have been identified so far, which provided evidence
for altered characteristics of the COVID-19 virus [2]. Ac-
cording to the World Health Organization (WHO) classifi-
cation, a few variants e.g., Alpha (B.1.1.7), Beta (B.1.351),
Gamma (P.1), Delta (B.1.617.2), and Delta Plus (AY.1 or
B.1.617.2.1) emerged temporarily with spikes in infection
rates in the countries where they first appeared [2-6].

It was shown in many previous studies that COVID-19
and its variants cause high morbidity and mortality [7-9]. For
this reason, it is important that healthcare services are pro-
vided regularly and adequately. In this respect, to make early
clinical intervention and treatment possible, it is important
to find reliable predictors for disease severity and mortality.

It has great importance to determine the predictor
parameters for the infection in COVID-19 cases. The LDH,
particularly high levels of LDH, were associated with
worse outcomes in COVID-19 cases [7]. It was speculated
that there are significant differences in LDH levels in
COVID-19 cases. Low levels of albumin and lymphocyte
are associated with morbidity and mortality in COVID-19
[8, 10, 11]. There is a need for parameters to help to
understand the clinical progression of COVID-19 pneu-
monia and contribute to elucidating the pathophysiology
of the disease. This study was planned based on the idea
that LDH/Albumin, LDH/Lymphocyte, and LDH/Platelet
ratios may be useful in evaluating the severity of the
disease in patients with the COVID-19 B.1.1.7 variant.

The aim of this study was to make a comprehensive
analysis of the clinical, laboratory and demographic
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characteristics of COVID-19 patients admitted to Ankara
City Hospital and to compare their data with the classic
COVID-19, COVID-19 B.1.1.7 variant and healthy control
groups. In addition, the role of LDH/Albumin, LDH/
Lymphocyte, and LDH/Platelet ratios in the progression of
patients in the COVID-19 B.1.1.7 variant group to COVID-19
pneumonia and in the pathogenesis of COVID-19 pneu-
monia was investigated.

Materials and methods
Study design and participants

The present study was designed retrospectively and was approved by
the Ethics Committee of Ankara City Hospital (E2-21-857). In the
control group, patients who applied to Ankara City Hospital for routine
control and had no known health problems were included. Between
February and April 2021, patients with a diagnosis of classic COVID-19
and patients with a diagnosis of COVID-19 B.1.1.7 variant hospitalized
in Ankara City Hospital’s COVID-19 unit were included in the study
group. The diagnostic criteria of the WHO temporary guideline were
used in the study [1]. The demographic, clinical, laboratory data and
radiological findings of the patients were obtained from electronic
medical records and case record forms. The albumin, glucose, urea,
creatinine, ferritin, ALT, AST, GGT, LDH, CRP, procalcitonin (PCT),
D-dimer, troponin-I and CBC parameters of Group B.1.1.7 and the
classic COVID-19 group were analyzed. CBC was analyzed using the
ADVIA 2120 Hematology System (Siemens Healthcare Diagnostics,
Erlangen, Germany). An Atellica Solution Immunoassay & Clinical
Chemistry Analyzer (Siemens Healthcare Diagnostics, Erlangen,
Germany) was used for measuring biochemical parameters. PT, APTT
and D-dimer were measured using the Sysmex CS-5100 System
(Siemens Healthcare Diagnostics, Erlangen, Germany). COVID-19
B.1.1.7 variant and classic COVID-19 groups were compared accord-
ing to demographic data, radiological characteristics, laboratory
findings, and clinical characteristics.

Diagnostic criteria

Oro/nasopharyngeal swab samples for RT-PCR, routine blood tests, and
chest computed tomography (CT) were requested from the patients for
the diagnosis of COVID-19. Those with a fever and respiratory symp-
toms, signs of pneumonia on CT, or clinical signs based on positive
SARS-CoV-2 PCR results according to the WHO temporary guideline for
the diagnosis of COVID-19 [1]. Those with positive B.1.1.7 variant anal-
ysis results for SARS-CoV-2 PCR were included in the study. Among the
COVID-19 patients, the classic COVID-19 group was named Group N,
and the COVID-19 B.1.1.7 variant group was named Group V.

Exclusion criteria

Patients who underwent mechanical ventilation, deceased patients,
patients hospitalized in the intensive care unit (ICU), pregnant women
and individuals younger than 18 years were not included in the study.
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Statistical analysis

The Statistical Package for Social Sciences for Windows, Version 22
(IBM, Armonk, NY, USA) was used for the statistical analyses. The
normality of variables was evaluated with the Kolmogorov—-Smirnov
test. Descriptive analysis was indicated using mean + standard devi-
ation (SD) for the parameters normally distributed, and median
interquartile range, (IQR) was used for non-normally distributed
variables. Normally distributed parameters were compared using one
way ANOVA test. Non-normally distributed variables were compared
with the Kruskal-Wallis test. Comparisons for categorical variables
were performed using the Chi-square test or the Fisher’s exact test.
The receiver operation characteristic (ROC) curve was used to deter-
mine the efficacy of various parameters to predict the prognosis
in the COVID-19 B.1.1.7 group. The optimal cut-off values of the
PCT, ferritin, troponin-I, LDH, LDH/Albumin, LDH/Platelet, LDH/
Lymphocyte and NLR ratios were calculated by applying the ROC
analysis. A value of p<0.05 was considered to be statistically
significant.

Results
Demographic, clinical, and treatment results

A total of 113 patients, 64 of whom were diagnosed with
classic COVID-19 and 49 of whom were diagnosed
with COVID-19 B.1.1.7 variant and 60 healthy subjects
were included in the study. The median age of the
COVID-19 B.1.1.7 group was found to be 48 (38.5-64.5),
and that of the classic COVID-19 group was 73 (59-80),
and 65 of the COVID-19 patients were male (p<0.001).
Ground-glass opacity was found in the CT results of 44
patients in total, and ground-glass opacity was more
dominant in the classic COVID-19 group (67.2%) than in
the COVID-19 B.1.1.7 variant group (6.1%) (p<0.001). The
median length of hospitalization was 10 days for both
COVID-19 patient groups. The number of individuals who
died was one and the patient who died was excluded from
the study (Table 1).

RT-PCR results were positive (100%) in all of the
COVID-19 B.1.1.7 variant group. RT-PCR test was positive in
67.2% (n=21) of the classic COVID-19 group. The most
common complaints at admission to the hospital in both
COVID-19 groups were fever (30.9%), dry cough (28.3%)
and shortness of breath (19.5%), respectively.

The comorbidity was detected in 85 (75.2%) patients in
total, and comorbidity was higher in patients in the classic
COVID-19 group (p=0.015). The most common comorbidities
were systemic hypertension (46, 30.9, 10.6, and 10.6%), dia-
betes, congestive heart disease, and ischemic heart disease,
respectively. Favipiravir (n=69) was used predominantly in the
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Variables Total (n=113) COovID-19B.1.1.7 Classic COVID-19 p-Value
variant group (n=49) group (n=64)
Age, years 45 (33-60) 48 (38.5-64.5) 73.0 (59-80) <0.001
Gender, male/female 65/48 26/23 39/25 0.446
Abnormalities on chest CT, % 54 (47.8) 10 (20.4) 44 (72.1) <0.001
Ground-glass opacity, % 44 (38.9) 3(6.1) 41 (67.2) <0.001
Viral pneumonia, % 10 (8.8) 7 (21.9) 3 (4.9) 0.090
Pulmonary parenchyma infiltration, % 2(1.8) 2(4.1) 0 N/A
Length of hospital stay, day, median 10 (7-18) 10 (6-15.5) 10 (7-21.5) 0.620
Death, % 1(0.9) 1(2.0) 0 N/A
Oxygen therapy, % 3(2.7) 3(6.1) 0 N/A
Comorbidities 85 (75.2) 31 (63.3) 54 (84.4) 0.015
Systemic hypertension, n (%) 52 (46.0) 17 (34.7) 35 (54.7) 0.038
Diabetes mellitus, n (%) 35(30.9) 8(16.3) 27 (42.2) 0.004
Congestive heart disease, n (%) 12(10.6) 4 (8.2) 8(12.5) 0.548
Ischemic heart disease, n (%) 12 (10.6) 1(2.0) 11 (17.2) 0.012
Chronic renal disease, n (%) 2(1.8) 1(2.0) 1(1.6) 0.681
Cancer, n (%) 8(7.1) 3(6.1) 5(7.8) 0.515
Cerebrovascular events, n (%) 4 (3.6) 1(2.0) 3 (4.7) 0.632
Chronic obstructive pulmonary disease, n (%) 5 (4.4) 1(2.0) 4(6.3) 0.386
signs and symptoms
Fever, % 35(30.9) 12 (24.5) 23 (35.9) 0.222
Dry cough, % 32 (28.3) 18 (36.7) 14 (21.9) 0.095
Myalgia, % 6 (5.3) 5(10.2) 1(1.6) 0.084
Dyspnea, % 22 (19.5) 6 (12.2) 16 (25) 0.100
Weakness, % 17 (15.0) 10 (20.4) 7 (10.9) 0.191
Treatment
Chloroquine, % 17 (15.0) 7 (14.3) 10 (15.6) 0.530
Favipiravir, % 69 (61.1) 49 (100) 20 (31.3) <0.001
Steroid, % 29 (25.7) 11 (22.5) 18 (28.1) 0.523
Colchicine, % 20 (17.7) 8(16.3) 12 (18.8) 0.807

p-Values less than 0.05 were considered significant and highlighted in bold.

treatment and steroid (n=29) was used secondarily. In B.1.1.7
group patients, steroid treatment was used in addition to the
Favipiravir treatment (Table 1).

Analysis of LDH/Albumin, LDH/Lymphocyte,
and LDH/Platelet ratios in COVID-19 B.1.1.7
variant group patients

It was shown that the LDH, LDH/Albumin, LDH/Lymphocytes,
and LDH/Platelet parameters were significant and higher in
COVID-19 B.1.1.7 variant group patients when compared to the
control group (p<0.001) (Table 2). There was a statistically
significant difference between the COVID-19 B.1.1.7 variant
group and the classic COVID-19 group in terms of LDH/
Lymphocyte ratio (p=0.037) (Figure 1).

Laboratory findings of Group N and Group V

Significant differences were detected between all groups
except for ALT levels (p<0.05) (Table 2). There were
significant differences between the classic COVID-19 group
and COVID-19 B.1.1.7 variant group in all parameters
except AST, GGT, LDH, and creatinine (p<0.05). The WBC,
Neutrophils, PLT, NLR, CRP, PCT, D-dimer, troponin-I,
GGT, LDH/Lymphocyte, ferritin, glucose, creatinine and
urea values were significantly higher in the classic
COVID-19 group than in COVID-19 B.1.1.7 variant group
(p<0.05). Albumin, hemoglobin and lymphocytes, values
were significantly higher in the COVID-19 B.1.1.7 variant
group than in the classic COVID-19 group (p<0.05)
(Table 2). Albumin, WBC, neutrophils, lymphocytes, PLT,
AST, ferritin, LDH, LDH/Albumin, LDH/Lymphocyte, and
LDH/Platelet parameters were found to be statistically
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Table 2: Blood routine parameters characteristics of patients group according to admission.

Variables Control group Group 1 Group 2 Group 3 p-Value Pairwise
(n=60) (n=49) (n=49) (n=49) comparison

Age, years 40 (29-72) 48 (38.5-64.5) 48 (38.5-64.5) 48 (38.5-64.5) 0.004* Cyvs. G1, p=0.020
Cvs. G3, p=0.020
G2 vs. G3, p=1.000

Gender, female/male 26/34 23/26 23/26 23/26  0.974° -

Albumin, g/L 46 (44-48) 44 (41-47) 40 (36-43) 39 (34-43) <0.001* Cvs. G1, p=0.007
Cvs. G3, p<0.001
G2 vs. G3, p=1.000

Total protein, g/L 72 (68-72) 67 (64-69.5) 60 (58-64) 62 (58-66) <0.001* Cvs.G1, p=0.033
Cvs. G3, p<0.001
G2 vs. G3, p=1.000

WBC, x10°/L 7.2 (6.7-10.1) 5.8 (4.3-7.5) 6.8 (4.6-8.7) 7.4 (5.9-9.9) <0.001* Cvs. G1, p<0.001
Cvs. G3, p=1.000
G2 vs. G3, p=0.508

Neutrophils, x10°/L 4.7 (3.1-6.9) 3.4 (2.6-5.1) 4.3 (2.4-6.3) 4.4 (3.3-7.3)  0.029* Cvs. G1, p=0.094
Cvs. G3, p=1.000
G2 vs. G3, p=1.000

Lymphocytes, x10%/L 2.0 (1.5-2.7) 1.3(0.9-1.7) 1.3 (0.9-2.2) 1.9 (1.3-2.4) <0.001* Cvs. G1, p<0.001
Cvs. G3, p=1.000
G2 vs. G3, p=0.076

RBC, x10'%/L 4.8 (4.5-5.2) 4.9 (4.4-5.1) 4.5 (4.4-4.8) 4.5 (4.1-4.7) <0.001* Cvs. G1, p=1.000
Cvs. G3, p=0.002
G2 vs. G3, p=1.000

Hemoglobin, g/dL 13.8 (12.7-14.5) 14.1(12.9-14.9) 13.4(12.4-14.3) 13.2(11.8-13.9) 0.025* Cvs. G1, p=1.000
Cvs. G3, p=0.292
G2 vs. G3, p=1.000

Hematocrit, % 43.9 (40.7-44.9) 41.6 (39.2-44.9) 39.6 (36.8-42.3) 38.2(35.9-41.9) 0.001* Cvs. G1, p=1.000
Cvs. G3, p=0.004
G2 vs. G3, p=1.000

Platelet, x10°/L 250 (100-304) 188 (155-220) 242 (157-305) 253 (199-344) <0.001* Cvs. G1 p<0.001
Cvs. G3, p=1.000
G2 vs. G3, p=0.934

N/L 2.0 (1.4-4.9) 2.2(1.7-4.2) 2.2 (1.4-8.1) 2.2 (1.5-5.4) 0.718* -

CRP, g/L 0.04 (0.02-0.07) 0.03(0.01-0.04) 0.02(0.01-0.05) 0.01 (0.01-0.03) 0.001* Cvs. G1, p=0.283
Cvs. G3, p=0.001
G2 vs. G3, p=1.000

Procalcitonin, pg/L 0.03 (0.03-0.07) 0.04 (0.03-0.08) 0.03 (0.03-0.06) 0.03 (0.03-0.04) 0.034* Cvs. G1, p=0.674
Cvs. G3, p=0.780
G2 vs. G3, p=0.624

D-dimer, mg/L 0.4 (0.2-0.7) 0.4 (0.3-0.9) 0.4 (0.3-0.9) 0.5 (0.3-0.6) 0.367% -

Troponin-I H, ng/L 2 (2-5) 2.5 (2.5-7) 2.5 (2.5-4) 2.5(2.5-4.5) 0.068° -

Amylase, U/L 59 (51.3-82.8) 62.5 (48-78.5) 68 (56-79.5) 74 (55-72) 0.408° -

Lipase, U/L 30 (25-37) 42.5(31-49.3) 46 (33.5-58.5) 48.5(42-72) <0.001* Cvs. G1, p<0.001
Cvs. G3, p<0.001
G2 vs. G3, p=1.000

CK, U/L 131 (102-154) 71 (49-127) 65 (41-90) 40 (29-65) <0.001* Cvs. G1, p=0.004
Cvs. G3, p<0.001
G2 vs. G3, p=0.209

aPTT, s 24.5(22.2-25.9) 24.6 (23.1-26.3) 24(21.9-25.1) 23.5(22.1-26.1) 0.350° -

PT, s 11.9 (10.9-12.8) 11.7 (11.3-12.8) 11.8(11.4-12.6) 11.9(11.5-13.1) 0.506° -

AST, U/L 17.5 (14-23.8) 30 (21-40.5) 36 (24-61) 31(22.3-46) <0.001* Cvs. G1, p<0.001
Cvs. G3 p<0.001
G2 vs. G3, p=1.000

ALT, U/L 23 (16-37.8) 26 (20-41.5) 38 (27-91) 48 (30-79) <0.001* Cvs. G1, p=1.000
Cvs. G3 p<0.001
G2 vs. G3, p=1.000

ALP, U/L 65 (60-80) 67 (64-69.5) 60 (58-64) 62 (58-66) 0.926° -



660 —— Avcioglu et al.: Importance of LDH/Albumin, LDH/Lymphocyte, and LDH/Platelet ratios DE GRUYTER

Table 2: (continued)

Variables Control group Group 1 Group 2 Group 3 p-Value Pairwise

(n=60) (n=49) (n=49) (n=49) comparison

GGT, U/L 20 (15-32.8) 26 (17-50) 42 (18.5-66) 36 (22.3-95) 0.001* Cvs. G1, p=0.765
Cvs. G3, p=0.002
G2 vs. G3, p=1.000

LDH, U/L 198 (172-244) 271 (242-343) 301 (243-338) 278.5(240-312) <0.001*° Cvs. G1, p<0.001
Cvs. G3, p<0.001
G2 vs. G3, p=0.737

LDH/Albumin 4.3 (3.7-5.2) 6.5 (5.2-7.7) 7.6 (5.6-9.2) 7.1(5.8-8.4) <0.001* Cyvs. G1, p<0.001
Cyvs. G3 p<0.001
G2 vs. G3, p=1.000

LDH/PLT 0.7 (0.6-1.0) 1.5(1.2-2.1) 1.3 (0.9-1.9) 1.1(0.8-1.5) <0.001* Cyvs. G1, p<0.001
Cvs. G3, p=0.005
G2 vs. G3, p=0.330

LDH/LYM 88.5 (67.6-146) 224 (135-314) 199 (115-396) 155 (107-233) <0.001* Cvs. G1, p<0.001
Cvs. G3, p=0.003
G2 vs. G3, p=0.307

Ferritin, pg/L 58 (34-88) 146 (56—243) 212 (71-448) 158 (70-378) <0.001* Cyvs. G1, p<0.001
Cvs. G3, p<0.001
G2 vs. G3, p=1.000

Glucose, mg/dL 100 (85-113) 102 (81-117) 105 (80-151) 105 (84-143)  0.420° -

Urea, mg/dL 29 (22-39) 29.5 (24-36) 38 (27-45) 36 (26-45) 0.001* Cvs. G1, p=1.000
Cvs. G3, p=0.018
G2 vs. G3, p=1.000

Creatinine, mg/dL 0.7 (0.6-0.9) 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.8 (0.6-0.9) 0.245% -

Total bilirubin, mg/dL 0.8 (0.7-0.8) 0.4 (0.4-0.6) 0.4 (0.3-0.5) 0.4 (0.3-0.5) <0.001* Cyvs. G1, p<0.001
Cvs. G3, p<0.001
G2 vs. G3, p=1.000

Conjugated bilirubin, mg/dL 0.3 (0.2-0.4) 0.2 (0.1-0.2) 0.1 (0.1-0.2) 0.1(0.1-0.2) <0.001* Cyvs. G1, p<0.001

Cvs. G3, p<0.001
G2 vs. G3, p=1.000

Descriptive statistics were presented as median (IQR). *Kruskal-Wallis test. °Chi square test. Bonferroni correction was used for pairwise
comparisons. The significance level was set at p<0.05. LYM, lymphocyte; PLT, platelet. p-Values less than 0.05 were considered significant

highlighted in bold.

significant between the control group and COVID-19 B.1.1.7
variant group (p<0.05) (Table 2).

The ROC analysis of routine blood
parameters in predicting patients in the
COVID-19 variant group B.1.1.7

The ROC Curve Analysis was used to determine the efficacy
of various parameters to predict the prognosis in the
COVID-19 B.1.1.7 variant group. The COVID-19 B.1.1.7
variant group was set as the positive group, and the classic
COVID-19 group was set as the negative group. According
to ROC Curve analysis, the ferritin, NLR ratio, PCT and
LDH/Albumin had the highest AUC values in the COVID-19
B.1.1.7 variant group (0.950, 0.802, 0.759, and 0.742,
respectively, as seen in Figure 2). The AUC, optimal cut-off,
and sensitivity and specificity values of laboratory
parameters are given in Table 3.

Discussion

The COVID-19 pandemic still continues to affect the whole
world with its variants and might cause an extensive
clinical spectrum from subclinical disease to respiratory
failure. LDH is an intracellular enzyme in cells of almost all
organ systems. LDH values may increase due to decreased
oxygenation as a result of multiple organ damage and
upregulation of the glycolytic pathway [12].

In this study, when the COVID-19 B.1.1.7 variant group
was compared with the healthy control group, it was
shown that especially the LDH/Albumin, LDH/Lympho-
cyte and LDH/Platelet ratios were very useful in predicting
the disease. These evaluated rates, as well as the age,
presence of comorbidity, and symptoms at presentation
may contribute to elucidating the pathogenesis of the
disease in the COVID-19 B.1.1.7 variant group.

Due to the increase in lactate as a result of infection and
tissue damage, the extracellular pH becomes acidic,
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Figure 1: Comparison of LDH (A), LDH/LYM (B), LDH/Albumin (C), LDH/PLT (D) levels of control group, Group V and Group N groups. p-Values
less than 0.001 were considered significant highlighted in double asterisk.

NS, not significant; PLT, platelet; and LYM, lymphocytes.
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Figure 2: The ROC curves of LDH/Albumin, LDH/PLT, LDH/LYM, LDH,
NLR, ferritin, procalcitonin, and troponin in predicting severe
SARS-CoV-2 infection, on admission.

PLT, platelet; LYM, lymphocytes; NLR, neutrophils-to-lymphocytes
ratio.

triggering the activation of metalloproteases and increasing
macrophage-mediated angiogenesis [13]. Severe infections
might cause cytokine-mediated tissue damage and LDH
release. Elevated LDH can be expected in patients with se-
vere COVID-19 infection because LDH is present in lung
tissue [7]. In this study, when the COVID-19 B.1.1.7 variant
group and the healthy control group were compared, it was
found that the LDH, LDH/Albumin, LDH/Lymphocytes, and
LDH/Platelet parameters were significant and higher than
the control group (p<0.001).

The predictive value of LDH for severe COVID-19 pa-
tients was emphasized in some previous studies [14, 15]. In
this study, the optimal cut-off was found to be 293 U/L for
LDH (sensitivity and specificity 78.1 and 57.1%, respec-
tively), which is consistent with the study by Poggialia et al.
[15]. Moreover, our study found that LDH/Albumin and
LDH/Lymphocyte, parameters can be used as predictive
diagnostic tools to identify subjects with the COVID-19
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Table 3: The value of blood routine parameters in diagnosis of patients with COVID-19 B.1.1.7 variant group on admission.

Variables Cut-off value AUC (95% CI) Sensitivity, % Specificity, % p-Value
LDH, U/L >244 0.823 (0.738-0.908) 75.5 72.5 <0.001
NLR >2.03 0.548 (0.424-0.673) 61.2 50.0 0.436
Ferritin, pg/L >71.5 0.752 (0.648-0.856) 71.4 70.0 <0.001
Procalcitonin, pg/L >0.035 0.623 (0.505-0.740) 53.1 70.0 0.048
Troponin, ng/L >2.25 0.633 (0.507-0.759) 95.9 50.0 0.033
LDH/Albumin >5.22 0.854 (0.777-0.931) 77.1 75.0 <0.001
LDH/PLT >1.06 0.914 (0.858-0.971) 83.3 82.5 <0.001
LDH/LYM >142.5 0.844 (0.761-0.927) 75.0 75.0 <0.001

AUC, area under the curve; PLT, platelet; NLR, neutrophils-to-lymphocytes ratio; LYM, lymphocyte. Asymptotic significance less than 0.05 were
considered significant. p-Values less than 0.05 were considered significant highlighted in bold.

B.1.1.7 variant (p<0.05). In cases of COVID-19 with chest
tomography findings, the diagnosis of COVID-19 is defini-
tive. However, the RT-PCR test may be negative in COVID-19
B.1.1.7 variant cases that do not have tomographic findings,
and evaluating blood parameters may help diagnosis. High
LDH/Albumin, LDH/Platelet, and LDH/Lymphocyte ratios
in COVID-19 cases may contribute to the diagnosis of the
COVID-19 B.1.1.7 variant. Since there is no definitive cure for
COVID-19 yet and the importance of early isolation is
indisputable, these rates can help clinicians with their ease
of application and early diagnosis and mortality estimation.

We think that the high LDH/Albumin and LDH/
Lymphocyte ratios in the COVID-19 B.1.1.7 variant provide
important information about the clinical course of the
disease, as well as showing that there is recovery after
treatment. These rates can give an idea for clinicians about
the prognosis of the disease.

It was reported in various studies in the literature that
serum albumin, lymphocytes, and platelet values were
found to be low in COVID-19 patients [7, 12, 16, 17]. Lym-
phopenia, elevated ferritin, procalcitonin and NLR were
reported to be predictors of severe prognosis [18]. In our
study, lymphopenia, high NLR, ferritin, procalcitonin
levels were detected in both COVID-19 groups, which is
consistent with the results of these studies [18, 19]. More-
over, our study found that ferritin, NLR, and procalcitonin
parameters can be used as predictive diagnostic tools to
identify subjects with the COVID-19 B.1.1.7 variant (AUC
values were 0.950, 0.802, and 0.759, respectively).

Changes were detected in some laboratory parameters
in the COVID-19 B.1.1.7 variant group when the laboratory
results were evaluated. When the laboratory parameters of
the COVID-19 B.1.1.7 variant group were compared to the
control group, the albumin, Lymphocytes, PLT parameters
decreased, and the urea, creatinine, Troponin I, PCT, NLR,

AST, ALT, ferritin, LDH, LDH/Albumin, LDH/Lympho-
cytes, and LDH/Platelet parameters were elevated in
COVID-19 B.1.1.7 variant group in line with the meta-
analysis study [12, 19]. Although the NEU and CRP values
were higher in the classic COVID-19 group in line with the
meta-analysis when compared to the control group, they
were found to be lower in the COVID-19 B.1.1.7 variant
group [12]. In their meta-analysis, Ji et al. reported that
inflammatory markers increased according to the severity
of COVID-19. In this study, inflammatory markers WBC,
CRP and PCT were found to be lower in the COVID-19 B.1.1.7
variant group compared to the classical COVID-19 group.
Therefore, this study suggests that the prognosis of the
COVID-19 B.1.1.7 variant is milder than that of the classic
COVID-19 group, similar to the results of the meta-analysis
by Ji et al. [20].

In the present study, the most commonly used drug
was found to be Favipiravir in the treatment of COVID-19
patients. Hydroxychloroquine was used in limited cases.
Although their use was controversial at the beginning of
the pandemic, these drugs were used widely for treatment
as the experience was gained in time, and were added to
the treatment with steroids in some patients within the
indication.

When the comorbid disease states of COVID-19 cases
were examined in this study, the most common comorbid
diseases were found to be systemic hypertension, Diabetes
mellitus, congestive heart disease, ischemic heart disease,
chronic renal disease, cancer, cerebrovascular events, and
chronic obstructive pulmonary disease [1, 21-25]. Fever,
cough, shortness of breath, and fatigue were the most
common symptoms in the symptomatology. One of the
hospitalized cases died of all these additional diseases and
symptoms. One case that was recorded was an intubated
patient who had bilateral lung involvement and died as a
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result of cardiac ischemia and respiratory failure with
ischemic heart disease comorbidity.

The limitation of this study was the small sampling
size. We included all COVID-19 patients who met the
diagnostic criteria and were hospitalized due to the variant.
Could the COVID-19 B.1.1.7 variant group accompany by
undiagnosed diseases cause the deterioration of pneu-
monia? Does it play a role in the pathogenesis of the dis-
ease? Comprehensive studies may be necessary in this
regard.

Conclusions

The LDH/Albumin, LDH/Platelet and LDH/Lymphocyte
ratios increased in COVID-19 B.1.1.7 variant patients. The
LDH/Albumin, LDH/Lymphocyte ratios, ferritin and pro-
calcitonin may be useful for clinicians in predicting the risk
of progression to pneumonia in COVID-19 B.1.1.7 variant
patients.

Acknowledgments: The author acknowledges the Depart-
ment of Biochemistry Laboratory for their support.
Research funding: None declared.

Author contributions: All authors have accepted
responsibility for the entire content of this manuscript
and approved its submission.

Competing interests: Authors state no conflict of interest.
Informed consent: Informed consent was obtained from all
individuals included in this study.

Ethical approval: The present study was designed
retrospectively and was approved by the Ethics Committee of
Ankara City Hospital (E2-21-857).

References

1. Organization WH. Clinical management of severe acute
respiratory infection (SARI) when COVID-19 disease is suspected:
interim guidance, 13 March 2020. World Health Organization;
2020. https://apps.who.int/iris/bitstream/handle/10665/
331446 /WHO0-2019-nCoV-clinical-2020.4-eng.pdf?sequence=1&
isAllowed=y.

2. Harvey WT, Carabelli AM, Jackson B, Gupta RK, Thomson EC,
Harrison EM, et al. SARS-CoV-2 variants, spike mutations and
immune escape. Nat Rev Microbiol 2021;19:409-24.

3. Vaidyanathan G. Coronavirus variants are spreading in India—
what scientists know so far. Nature 2021;593:321-2.

4. Faria NR, Mellan TA, Whittaker C, Claro IM, Candido DdS,
Mishra S, et al. Genomics and epidemiology of the P. 1 SARS-CoV-
2 lineage in Manaus, Brazil. Science 2021;372:815-21.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

Avcioglu et al.: Importance of LDH/Albumin, LDH/Lymphocyte, and LDH/Platelet ratios —— 663

. Tegally H, Wilkinson E, Giovanetti M, Iranzadeh A, Fonseca V,

Giandhari J, et al. Detection of a SARS-CoV-2 variant of concern in
South Africa. Nature 2021;592:438-43.

. Volz E, Mishra S, Chand M, Barrett JC, Johnson R, Geidelberg L,

et al. Assessing transmissibility of SARS-CoV-2 lineage B. 1.1. 7 in
England. Nature 2021;593:266-9.

. Lax SF, Skok K, Zechner P, Kessler HH, Kaufmann N,

Koelblinger C, et al. Pulmonary arterial thrombosis in COVID-19
with fatal outcome: results from a prospective, single-center,
clinicopathologic case series. Ann Intern Med 2020;173:
350-61.

. Garibaldi BT, Fiksel J, Muschelli J, Robinson ML, Rouhizadeh M,

Perin ), et al. Patient trajectories among persons hospitalized for
COVID-19: a cohort study. Ann Intern Med 2021;174:33-41.

. Tao R-J, Luo X-L, Xu W, Mao B, Dai R-X, Li C-W, et al. Viral infection

in community acquired pneumonia patients with fever: a
prospective observational study. ) Thoracic Dis 2018;10:4387.
Control CfD, Prevention. People who are at higher risk for severe
illness; 2020. Available at: https://www.cdc.gov/coronavirus/
2019-ncov/community/guidance-business-response.
html(2020.

CaiQ, ChenF,WangT, LuoF, Liu X, Wu Q, et al. Obesity and COVID-
19 severity in a designated hospital in Shenzhen, China. Diab
Care 2020;43:1392-8.

Henry BM, Aggarwal G, Wong ], Benoit S, Vikse J, Plebani M, et al.
Lactate dehydrogenase levels predict coronavirus disease 2019
(COVID-19) severity and mortality: a pooled analysis. Am | Emerg
Med 2020;38:1722-6.

Martinez-Outschoorn UE, Prisco M, Ertel A, Tsirigos A, Lin Z,
Pavlides S, et al. Ketones and lactate increase cancer cell
“stemness,” driving recurrence, metastasis and poor clinical
outcome in breast cancer: achieving personalized medicine via
Metabolo-Genomics. Cell Cycle 2011;10:1271-86.

ZhuY, DuZ, ZhuY, Li W, Miao H, Li Z. Evaluation of organ function
in patients with severe COVID-19 infections. Med Clin 2020;155:
191-6.

Poggiali E, Zaino D, Immovilli P, Rovero L, Losi G, DacremaA, et al.
Lactate dehydrogenase and C-reactive protein as predictors of
respiratory failure in CoVID-19 patients. Clin Chim Acta Int J Clin
Chem 2020;509:135-8.

Akbari H, Tabrizi R, Lankarani KB, Aria H, Vakili S, Asadian F, et al.
The role of cytokine profile and lymphocyte subsets in the
severity of coronavirus disease 2019 (COVID-19): a systematic
review and meta-analysis. Life Sci 2020;258:118167.

Serin |, Sari ND, Dogu MH, Acikel SD, Babur G, Ulusoy A, et al. A
new parameter in COVID-19. Pandemic: initial lactate
dehydrogenase (LDH)/lymphocyte ratio for diagnosis and
mortality. ] Infect Public Health 2020;13:1664-70.

. Bastug A, Bodur H, Erdogan S, Gokcinar D, Kazancioglu S,

Kosovali BD, et al. Clinical and laboratory features of COVID-19:
predictors of severe prognosis. Int Inmunopharmacol 2020;88:
106950.

Lei F, Liu YM, Zhou F, Qin JJ, Zhang P, Zhu L, et al. Longitudinal
association between markers of liver injury and mortality in
COVID-19 in China. Hepatology 2020;72:389-98.

JiP,Zhu}, Zhong Z, Li H, Pang |, Li B, et al. Association of elevated
inflammatory markers and severe COVID-19: a meta-analysis.
Medicine (Baltimore) 2020;99:e23315.


https://apps.who.int/iris/bitstream/handle/10665/331446/WHO-2019-nCoV-clinical-2020.4-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/331446/WHO-2019-nCoV-clinical-2020.4-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/331446/WHO-2019-nCoV-clinical-2020.4-eng.pdf?sequence=1&isAllowed=y
https://www.%20cdc.%20gov/coronavirus/2019-%20ncov/community/guidance-business-response.%20html%202020
https://www.%20cdc.%20gov/coronavirus/2019-%20ncov/community/guidance-business-response.%20html%202020
https://www.%20cdc.%20gov/coronavirus/2019-%20ncov/community/guidance-business-response.%20html%202020

664 —— Avcioglu et al.: Importance of LDH/Albumin, LDH/Lymphocyte, and LDH/Platelet ratios

21.

22.

23.

Martins-Filho PR, Tavares CSS, Santos VS. Factors associated with
mortality in patients with COVID-19. A quantitative evidence
synthesis of clinical and laboratory data. Eur | Intern Med 2020;76:97.
Tian S, Liu H, Liao M, Wu Y, Yang C, Cai Y, et al. Analysis of
Mortality in Patients With COVID-19: Clinical and Laboratory
Parameters. Open Forum Infect Dis 2020;7:0faa152.

Li M. Chest CT features and their role in COVID-19. Radiol Infect
Dis 2020;7:51-4.

24,

25.

DE GRUYTER

Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, Jerome KR,
Nalla AK, et al. Covid-19 in critically ill patients in the
Seattle region—case series. New Engl ) Med 2020;382:
2012-22.

Arentz M, Yim E, Klaff L, Lokhandwala S, Riedo FX, Chong M,
et al. Characteristics and outcomes of 21 critically ill
patients with COVID-19 in Washington State. Jama 2020;323:
1612-4.



	The importance of LDH/Albumin, LDH/Lymphocyte, and LDH/Platelet ratios in the evaluation of COVID-19 B.1.1.7 variant
	Introduction
	Materials and methods
	Study design and participants
	Diagnostic criteria
	Exclusion criteria
	Statistical analysis

	Results
	Demographic, clinical, and treatment results
	Analysis of LDH/Albumin, LDH/Lymphocyte, and LDH/Platelet ratios in COVID-19 B.1.1.7 variant group patients
	Laboratory findings of Group N and Group V
	The ROC analysis of routine blood parameters in predicting patients in the COVID-19 variant group B.1.1.7

	Discussion
	Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


