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Abstract

In this study, we aimed to investigate the relationship between the viral load detected by PCR and the biochemical and demographic data of patients who were admitted to
our hospital and positive for SARS-CoV-2 infection. Data from 132 laboratory-confirmed adult patients were retrospectively analyzed. COVID-19 patients were classified
in different groups as pneumonia-non pneumonia and symptomatic- asymptomatic patients. In all, 77.2% patients were symptomatic and 39.4% had pneumonia. The
most common laboratory abnormalities of all patients were elevated C-reactive protein (CRP), D-dimer, Fibrinogen and Neutrophil/lymphocyte ratio (NLR). Statistically
significant differences (p < 0.05) were found between the symptomatic and asymptomatic groups regarding CRP, NLR, Prothrombin Time (PT), international normalized
ratio (INR), D-dimer and Fibrinogen. Additionally of these parameters significantly higher aspartate amino-transferase (AST), blood urea nitrogen (BUN), creatinine and
lactate dehydrogenase (LDH) observed in pneumonia group compared to non-pneumonia group. The cycle threshold (Ct) values in all patients were 32.42 + 6.03 and
there were no significant differences in Ct values between the groups. There was a negatively significant correlation between Ct and blood urea nitrogen (BUN) (r=-0,205,
P=0.019). Abnormalities of several hematologic and biochemical biomarkers were associated with SARSCoV-2 infection and disease severity. To investigate the associ-
ation with disease severity and viral load, quantitative PCR results would be more accurate than semi-quantitative Ct results.
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Introduction As in the diagnosis and treatment of many diseases, the importance

of laboratory findings in the treatment and follow-up cannot be

The effects of severe acute respiratory syndrome coronavirus 2
(SARSCoV-2), which started in the state of Hubai of China and
spread rapidly to the other countries, still continues all over the
World [1]. Coronavirus disease 2019 (Covid-19, an infectious
disease caused by SARS-CoV-2), which causes a wide range of
lung diseases from pneumonia to acute respiratory syndrome, can
also cause coagulopathy and bleeding disorders [1,2].
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denied in SARSCoV-2 infection [3].

Real-time reverse transcriptase-polymerase chain reaction (rRT-
PCR) is routinely used for SARS-CoV-2 detection in different types
of samples oftenly collected with oropharyngeal or nasopharyngeal
swabs and bronchoalveolar lavage. The cycle threshold (Ct) values
of qRT-PCR represent the number of amplification cycles required
for the target gene to exceed a threshold level. Ct values are
inversely related to viral load and correlated with copy numbers
of the viral RNA in the sample which means lower Ct values
corresponding to higher viral copy numbers [4].

Although PCR is the gold standard method in the diagnosis of
Covid-19, healthcare professionals also benefited from biochemical
and hematological parameters [1-3,5].
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On the other hand, the accuracy of the PCR test was debatable in
all countries [5].

Laboratory findings are important not only in diagnosis but also in
treatment follow-up [6].

The most common laboratory abnormalities in Covid 19 disease
are increased neutrophil decreased lymphocyte hypoalbuminemia
increased d-dimer levels and increased CRP and LDH levels [1].

Studies in the field of Covid 19 since the beginning of 2020 have
revealed that biochemical and hematological data correlate with
the severity of the disease [1,7,8] .

In this study, we aimed to reveal the relationship between the viral
load detected by PCR and the biochemical and demographic data
of patients who were admitted to our hospital and positive for
SARS-CoV-2.

Material and Methods

Study Design

A total of 132 adult patients admitted to the Pamukkale University
Hospital or people who were close contact with the confirmed
Covid-19 case between March 19 to May 13, 2020 were enrolled
in this retrospective observational cohort study. Patients were
diagnosed as COVID-19 according to guidelines for the diagnosis
and treatment of COVID-19 infection from the Turkish Ministry
of Health, Directorate General of Public Health created mainly
in line with WHO recommendations. Only laboratory confirmed
cases were included in this study with nucleic acid testing. Chest
computed tomography scan was acquired to the patients upon
admission to the hospital. Clinical, demographic and laboratory
data were obtained from patients’ medical records. We classified and
evaluated COVID-19 patients in different groups as pneumonia-
non pneumonia and symptomatic- asymptomatic patients. The
study was approved by the Research Ethics Commission of
Pamukkale University and Turkish Ministry of Health (Approval
No. 60116787-020/31814, 2020-05-21T09_52 32)

Viral loads detection

Combined naso-oropharyngeal swabs were collected from
the patients who met the criteria laid out in the guidelines and
analysed with reverse-transcription polymerase chain reaction
(RT-PCR) in Central Laboratory of our hospital. The RNA was
isolated using VNAT solution (Bioeksen, Istanbul, Turkey). For all
reactions, Rotor-Gene Q (Qiagen, Antwerp, Belgium) instrument
and Biospeedy SARS-CoV-2 RT-qPCR kit (Bioeksen) were used.
The kit is performed in one step with targeting the RdARp (RNA-
dependent RNA polymerase) gene fragment reverse transcription
(RT) and rt PCR (QPCR) (RT-QPCR). The data was analyzed
using Rotor-Gene Q Software. A cycle threshold value less than
40 is interpreted as positive for SARS-CoV-2 RNA.

Biochemical measurements

The complete blood count analysis was carried out on Mindray
BC-6800 system through the electrical impedance method, and
Neutrophil/lymphocyte ratio (NLR) was calculated in accordance
with the CBC results. Serum biochemical parameters were analyzed
with electrochemilumisence method on Cobas 702 autoanalyser
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(Roche Diagnostics GmbH, Mannheim, Germany). Coagulation
assays included D-dimer and Fibrinogen were performed with
ACL TOP 700 laboratory analyzer (Instrumentation Laboratory,
Werfen, USA).

Statistical analysis

All statistical analyses were performed using SPSS 25.0 software.
Kolmogorov Smirnov and Shapiro Wilk tests were used for
determination of normal distribution. Continuous variables were
defined by the mean + standard deviation and categorical variables
were defined by number and percent. For independent groups
comparisons, we used Independent samples t test when parametric
test assumptions were provided, and Mann-Whitney U test were
used when parametric test assumptions were not provided. We used
spearman correlation analysis to analyze the relationships between
continuous variables. Statistical significance was determined as
p<0,05.

Results

Atotal of 132 (56.8 % male, 43.2 % female) patients were included
in the study. In all, 77.2% were classified as in the symptomatic
group (n=102), 22.7% in the asymptomatic group (n=30), and in
the other classification 39.4% is in the pneumonia group (n=50),
60.6% in the non-pneumonia group.

Mean age of all patients were 45.64 + 19.17 (18-85) years and
mean age of patients with pnomonia group was higher (54.06 +
18.27 vs 40.18 £ 17.81 years, p <0,001). Demographic and clinical
characteristics of the patients are summarized in Table 1.

The most observed frequent symptoms at the time of admission
were cough (53%), fever (32.6%), and followed by dyspnea
(19.7%) and myalgia (9.8%). But besides that important part of
the patients were laboratory-confirmed fully asymptomatic cases
(22.7%). Characteristics of the patients in terms of symptoms are
given in Table 1.

The C-reactive protein (CRP) (29.18 + 53.84 mg/L), NLR (3.81 +
4.37), D-dimer (322.86 + 557.99 ng/mL) and Fibrinogen (404.65
+ 198.3 mg/dL) levels were elevated and the other parameters
were normal in all patients. Symptomatic group had significantly
higher levels CRP, NLR, Prothrombin Time (PT), international
normalized ratio (INR), D-dimer and Fibrinogen and significantly
lower level of albumin compared to the asymptomatic group (p
< 0.05). In pneumonia group compared to the non-pneumonia
group same abnormal results were observed as symptomatic group
and additionally aspartate amino-transferase (AST), blood urea
nitrogen (BUN), creatinine and lactate dehydrogenase (LDH) were
significantly higher and platelet count was significantly lower (p <
0.05). Laboratory findings of the all patients and the groups are
given in Table 2.

The Ct values in all patients were 32.42 £+ 6.03 (range, 10 to
40). There was no significant difference in Ct values between
the groups (p > 0.05). When the relation between Ct values and
biochemical and demografic parameters were analyzed with
using the Spearman’s rank correlation coefficient method in both
patients and groups, there was a negatively significant correlation
with BUN (r=-0,205, P=0.019).
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Table 1. Demographic and clinical findings of patients with COVID-19

All cases (n=132) Pneumonia (n=52) Non-Pneumonia (n=80)

Age, years 45.64 +19.17 54.06 + 18.27 40.18 +17.81
Male, n (%) 75 (56.8) 33 (63.5) 42 (52.5)
Symptoms
Asymptomatic, n (%) 30 (22.7) 3(5.8) 28 (35)
Fever, n (%) 43 (32.6) 29 (55.7) 14 (17.5)
Cough, n (%) 70 (53) 38(73.1) 32 (40)
Loss of smell or taste, n (%) 3(23) 2 (3.8) 1 (1.25)
Headache, n (%) 8(6.1) 3 (5.8) 5 (6.25)
Diarrhoea, n (%) 5(3.8) 4 (1.7 1 (1.25)
Dyspnea, n (%) 26 (19.7) 16 (30.8) 10 (12.5)
Fatigue, n (%) 8 (6.1) 4 (7.7) 4 (5)
Sore throat, n (%) 10 (7.6) 2 (3.8) 8 (10)
Myalgia, n (%) 13 (9.8) 5 (9.6) 8 (10)
Table 2. Demographic features and laboratory findings of the study population

All cases Symptomatic Asymptomatic P value Pneumonia Non-Pneumonia P value

(n=132) cases (n=102) cases (n=30) (n=52) (n=80)
Age, years 45.64+19.17 46.75 £ 19.73 419+ 1691 0.283 54.06 + 18.27 40.18 £ 17.81 0.0001
Male, n (%) 75 (56.8) 60 (58,8) 15 (50) 0,391 33 (63.5) 42 (52.5) 0,214
CRP, mg/L 29.18 +£53.84 37.2+5892 1.9+3.14 0.0001 44.17 +55.89 19.44 + 50.46 0.0001
ALT, U/L 23.18 +19.94 24.44 +21.96 18.9+9.57 0.273 24.71 +£19.76 22.19£20.11 0.526
AST, U/L 222141232 234+ 13.62 18.17£4.16 0.19 2535+ 14.12 20.18 +10.59 0.006
GGT, U/L 38.45+55.54 41.68 +59.94 21.56 +£12.73 0.422 32.03+£22.7 46.4+79.4 0.273
BUN, mg/dL 15.11 +10.86 16.09 + 12.06 11.8+3.44 0.431 17.92 +13.01 13.29 £ 8.83 0.023
Creatinin, mg/dL 0.89 +0.37 0.93+0.4 0.77+0.13 0.092 1+£0.44 0.83+£0.29 0.011
LDH, U/L 214.04 + 88.67 217.76 £ 95.16 199 + 54.18 0.74 242.48 £91.27 194.01 + 81.63 0.0001
Troponin, ng/mL 21.97 +83.12 26.28 £92.41 4.48 +£3.06 0.091 334+ 111.46 8.38 +12.83 0.069
Albumin, g/L 41.24 +6.41 40.12+6.22 46.39 £4.54 0.0001 39.64 +£5.16 43.18+£7.25 0.003
Hb, g/dL 13.83 £1.99 13.64 +2.04 1449+ 1.7 0.071 13.47+1.84 14.07 £ 2.06 0.092
NLR 3.81+£4.37 431 +4.81 2.08+1.24 0.012 4.69 £ 5.67 3.23+£3.17 0.142
T
PT, s 13+£2.53 13.27£2.79 12.1+0.93 0.02 13.98 +£3.32 12.37 £ 1.59 0.0001
PTINR 1.11 +0.21 1.13+0.23 1.03 +£0.07 0.016 1.18+0.28 1.06 +0.13 0.0001
APTT, s 31.4+443 31.32+4.77 31.66 +£3.16 0.305 31.51+5.76 31.33+3.36 0.729
DDimer, ng/mL 322.86 +557.99 380.86 + 619.5 126.07 £ 136.8 0.038 496.73 + 744.46 207.73 +349.56 0.0001
Fibrinogen, mg/dL 404.65 + 198.3 436.71 +209.45 292.42 +£91.04 0.02 441.15+183.71 368.15+£208.91 0.028
Cycle threshold values (Ct) 32424+ 6.03 32.61+£5.94 31.8+6.4 0.496 31.37 £ 6.46 33.11 +5.67 0.102

CRP, C-Reactive Protein; ALT, Alanine Transaminase;AST, Aspartate Transaminase; GGT, Gamma-Glutamyltransferase; BUN, Blood Urea Nitrogen; LDH, Lactate
Dehydrogenase; Hb, Hemoglobin; NLR, Neutrophil To Lymphocyte Ratio; PTINR, International Normalized Ratio; PT, Prothrombin Time; APTT, Activated Partial
Thromboplastin Time
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Discussion

Theln this retrospective study we aimed to evaluate the biochemical
and demographical markers in patients with Covid-19 and also
investigate the relationship between Ct values which are inversely
related to viral RNA load. We hypothesized that lower Ct values
may be associated with biochemical markers which were increased
or decreased with Covid-19 disease and older ages which has
worse outcomes.

Covid-19 patients have a wide range of symptoms can range from
absence of symptoms to severe illness and fatal outcomes [9].
Among 616,541 persons with COVID-19 in United States, 4% of
cases were asymptomatic, 70% had fever, cough, or shortness of
breath, 36% reported muscle aches, and 34% reported headache,
8% patients experienced loss of smell or taste [10]. In a report
among 72,314 cases in China published by the Chinese Center
for Disease Control and Prevention, 81% of cases were reported
as mild (no pneumonia or mild pneumonia), 14% were severe
(defined as dyspnea, respiratory frequency >30/min, blood oxygen
saturation <93%, PaO2/Fi02 <300 mmHg, and/or lung infiltrates
>50% within 24-48 h), and 5% were critical (i.e. respiratory
failure, septic shock, and/or multiple organ dysfunction or failure)

[11].

In our study, 22.7 % of cases were asymptomatic, 53 % had cough,
32.6 % had fever, 19.7 had dyspne and the other less frequently
symptoms were myalgia, fatigue, sore throat, headache, diarrhoea
and loss of smell or taste (Table 1). The reason for the high rate
of asymptomatic patients in our study may have been obtained by
screening and testing people in contact with Covid-19 positive
patients without waiting for symptoms.

The laboratory abnormalities in patients with COVID-19 has
been published and summarised in several meta-analysises and
observed in hematologic, biochemical, coagulation paremeters
and inflammatory biomarkers [6,12]. The most common
laboratory abnormalities were hypoalbuminemia, lymphopenia,
increased liver enzymes, increased ratio of neutrophils (NEU) to
lymphocytes (LYM), elevated C-reactive protein (CRP) and lactate
dehydrogenase (LDH), and increased D dimer and PT [1, 2]. In
our study, the mean levels of CRP, NLR, D-dimer and Fibrinogen
were elevated in all patients. But in the meanwhile, laboratory
findings of the asymptomatic patients were normal. Compared
with symptomatic patients there were statistically significant
difference between CRP, NLR, D-dimer, PT, INR, fibrinogen and
albumin levels. Ma Y et al. showed that asymptomatic patients’
most of the laboratory test results were not statistically significant
compared with symptomatic patients and reported that whether
some asymptomatic patients’ had abnormal laboratory indicators,
the damage was minor and soon returned to normal [13]. Hovewer,
when we compared the pneumonia and nonpneumonia groups
there were lots of significant differences in several parameters
between groups (Table 2). The Covid19 patients with pneumonia
were significantly older (54 years) than with non-pneumonia (40
years) (p<0.0001). Liu et al. reported that among the elderly group
of Covidl9 patients the Pneumonia Severity Index score which
can predict the mortality in community acquired pneumonia
was higher than young and middle-aged group [14,15]. Renal
disease and acute kidney injury associated with severity and in-
hospital mortality of Covid-19 patients at the time of admission
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or during hospitalization [16, 17]. In our study, pneumonia group
had significantly higher levels of serum creatinine and BUN
compared to non pneumonia group. It is important to follow-up
kidney function tests of these patients and increase the awareness
of kidney injury development.

Most of the Covid-19 patients have coagulopathy and characterized
by elevations in fibrinogen and D-dimer levels and prolongation
of the PT and INR. These abnormal coagulation parameters
are associated with poor prognosis and could be used as the
significant indicators in predicting the mortality of Covid-19 [18,
19, 20]. These reports are consistent with our research showing
that pnemonia group had significantly abnormal coagulation test
results in favor of coagulopathy compared to the nonpneumonia

group.

Viral load is inversely related to the Ct value and it has been
previously recommended that the viral load of Covid-19 have an
impact on disease severity and likelihood of transmission [21-
24]. A systematic review summarized the studies and concluded
that lower Ct values may be associated with worse outcomes and
useful in predicting the clinical course and prognosis of patients
with covid-19 and reporting of Ct values may offer benefit to
clinicians in making clinical and patient-management decisions
[25]. Although lower Ct values generally correlate with high viral
loads, Ct value itself cannot be directly interpreted as viral load
without a standard curve using reference materials because Ct
influenced by the instruments and assay protocols [21, 26,27]. In
our study, as shown in Table 2, no statistical significance was found
between the groups in Ct values. This finding may be explained by
Ct values should not be investigate as viral load with qualitative
RT-PCR test results.

We also examined correlation between Ct values and biochemical
and demografic parameters with Spearman method, and BUN was
negatively correlated with the Ct value. This is consistent with
previous study showing that BUN was positively correlated with
the SARS-CoV-2 viral load, study also reported NEU and CK-
MB were negatively correlated with viral load [28]. A recent study
has shown that CRP, ALB, LYM (%), LYM and NEU were highly
correlated to the Ct value [1].

Limitations of this study

Our study has several limitations. Firstly, this study is a single
center cohort study, and the sample size was insufficient to compare
Ct in different subgroups. Secondly, Ct is semiquantitative method
and influenced by many preanalytical factors such as the quality,
source, transportation and sampling timing of collected samples.

Conclusion

Abnormalities of several hematologic and biochemical biomarkers
were associated with SARSCoV-2 infection. In covid-19 confirmed
and also suspected cases, the severity of the disease can also be
evaluated with the help of these parameters. To investigate the
association with disease severity and viral load, quantitative PCR
results would be more accurate than semi-quantitative Ct results.

Acknowledgement
This paper is dedicated to all healthcare workers who worked against to the

Covid-19 pandemic on the front line.

472



doi

: 10.5455/medscience.2020.10.218

Conflict of interests
The authors declare that they have no competing interests.

Financial Disclosure
All authors declare no financial support.

Ethical approval
This study was approved by Research Ethics Commission of Pamukkale University
with decision dated 27/5/2020, and numbered 60116787-020/31814.

References

1.

10.

11.

12.

LiuY, Yang Y, Zhang C, et al. Clinical and biochemical indexes from 2019-
nCoV infected patients linked to viral loads and lung injury. Sci China Life
Sci. 2020;63:364-74.

Al-Samkari H, Karp Leaf RS, Dzik WH, et al. COVID-19 and coagulation:
bleeding and thrombotic manifestations of SARS-CoV-2 infection. Blood.
2020;136:489-500.

Pourbagheri-Sigaroodi A, Bashash D, Fateh F, et al. Laboratory findings
in COVID-19 diagnosis and prognosis. Clin Chim Acta. 2020;510:475-82.

Wang W, Xu 'Y, Gao R, et al. Detection of SARS-CoV-2 in Different Types
of Clinical Specimens. JAMA. 2020;323:1843-4.

Watson J, Whiting PF, Brush JE. Interpreting a covid-19 test result. BMJ.
2020;369:m1808.

Henry BM, de Oliveira MHS, Benoit S, et al. Hematologic, biochemical
and immune biomarker abnormalities associated with severe illness and
mortality in coronavirus disease 2019 (COVID-19): a meta-analysis. Clin
Chem Lab Med. 2020;58:1021-8.

Liu Y, Liao W, Wan L, et al. Correlation between relative nasopharyngeal
virus rna load and lymphocyte count disease severity in patients with
COVID-19 [published online ahead of print, 2020 Apr 10]. Viral Immunol.
2020;10.1089/vim.2020.0062.

Xu T, Chen C, Zhu Z, et al. Clinical features and dynamics of viral load
in imported and non-imported patients with COVID-19. Int J Infect Dis.
2020;94:68-71.

Centers for Disease Control and Prevention. Symptoms of coronavirus.
2020.  Available at:  https://www.cdc.gov/coronavirus/2019-ncov/
symptoms-testing/symptoms.html. accessed date 20.09.2020.

Stokes EK, Zambrano LD, Anderson KN, et al. Coronavirus disease 2019
case surveillance—United States, January 22-May 30, 2020. MMWR Morb
Mortal Wkly Rep. 2020;69.

Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a
report of 72,314 cases from the Chinese Center for Disease Control and
Prevention. JAMA. 2020.

Deng X, Liu B, Li J, et al. Blood biochemical characteristics of patients
with coronavirus disease 2019 (COVID-19): a systemic review and meta-
analysis. Clin Chem Lab Med. 2020;58:1172-81.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Med Science 2021;10(2):469-73

Yan Ma, Qing-nan Xu, Feng-li Wang, et al. Characteristics of asymptomatic
patients with SARS-CoV-2 infection in Jinan, China. Microbes Infect.
2020;22:212-7.

Liu K, Chen Y, Lin R, et al. Clinical features of COVID-19 in elderly
patients: a comparison with young and middle-aged patients. J Infect.
2020;80:14-8.

Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify low-
risk patients with community-acquired pneumonia. N Engl J Med.
1997;336:243-50.

Cheng Y, Luo R, Wang K, et al. Kidney disease is associated with in-hospital
death of patients with COVID-19.Kidney Int. 2020;97:829-38.

Hamza Bajwa, Yumna Riaz, Muhammad Ammar, et al. The Dilemma
of Renal Involvement in COVID-19: A Systematic Review. Cureus.
2020;12:¢8632

Ning Tang, Dengju Li, Xiong Wang, et al. Abnormal coagulation parameters
are associated with poor prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost. 2020;18:844-7

Long H, Nie L, Xiang X, et al. D-Dimer and Prothrombin Time Are the
Significant Indicators of Severe COVID-19 and Poor Prognosis. Biomed
Res Int. 2020;2020:6159720.

Jin X, Duan 'Y, Bao T, et al. The values of coagulation function in COVID-19
patients. Preprint. Posted online April 29, 2020. medRxiv.

Bustin SA, Mueller R. Real-time reverse transcription PCR (qQRT-PCR) and
its potential use in clinical diagnosis. Clin Sci (Lond). 2005;109:365-79.

Tom MR, Mina MJ. To interpret the SARS-CoV-2 test, consider the cycle
threshold calue. Clin Infect Dis. 2020;ciaa619.

Joynt GM, Wu WK. Understanding COVID-19: what does viral RNA load
really mean? Lancet Infect Dis. 2020;20:635-6.

Zheng SF, Fan J, Yu F, et al. Viral load dynamics anddisease severity in
patients infected with SARS-CoV-2 in Zhejiang province, China, January-
March 2020: retrospective cohort study. BMJ. 2020;369:m1443.

Rao SN, Manissero D, Steele VR, et al. A Narrative systematic review of the
clinical utility of cycle threshold values in the context of COVID-19. Infect
Dis Ther. 2020; 1-14.

Han M.S., Byun J.H., Cho Y., et al. RT-PCR for SARS-CoV-2: quantitative
versus qualitative. Lancet Infect. Dis. 2020;20.

Aquino-Jarquin G. The raw Ct values from RT-PCR detection are not viral
load quantitation units. Clin Infect Dis. 2020;ciaa830

Z Yu, H Wu, Q Huang, et al. Clinical and biochemical indexes of 11
COVID-19 patients and the genome sequence analysis of the tested SARS-
CoV-2. BMC Infectious Diseases. 10.21203/rs.3.rs-32414/v2

473



