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Abstract:

COVID-19 caused by SARS-CoV-2 is considered an emerging disease that results in severe acute respiratory syndrome. Coronaviruses, as single-
stranded RNA viruses, have envelope and positive-sense genome. Virion’s nucleocapsid contains genomic RNA and phosphorylated nucleocapsid
protein, which is located within the phospholipid layers and is covered with spike proteins. Although considerable research improvements have
occurred, the virus origin is yet obscure. There are several factors that contribute to the development of COVID-19, such as mutations, viral loads,
and the survival of the virus in the laboratory, or related factors such as age, sex, and immune status. Proper diagnosis of changes in biochemical
and immunological factors affecting COVID-19 leads to the rapid detection of this disease. Finding suitable biochemical and immunological
biomarkers could help us in early diagnosis and reducing the casualties of this disease. However, further studies for finding a good solution to early
diagnosis require a better understanding of the mechanism of action of this virus. In this review, we review the biochemical and immunological
biomarkers used for laboratory diagnosis of SARS-CoV-2 (COVID -19).
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1. INTRODUCTION

The pandemic of COVID-19 began in December 2019 in
Wuhan, China. More than 24.8 million cases of COVID-19 and
more than 838,000 deaths have been reported until 29 August
2020 [1].

Coronaviruses  (CoVs),  which  belong  to  the  Nidovirales
order,  Coronavirdiae  family,  Coronavirinae  subfamily,  are
single-stranded  RNA  viruses  that  are  also  enveloped  with
positive-sense  [2].  Due  to  the  crown-like  appearance  of  the
CoVs,  this  name  has  been  given  to  this  virus  [2].
Alphacoronavirus  (αCoV),  Betacoronavirus  (βCoV),
Deltacoronavirus (δCoV) and Gammacoronavirus (γCoV) are
the  four  different  types  of  coronavirus  [3].  Human
Coronaviruses  (HCoVs)  are  recognized  as  respiratory
pathogens  related  to  respiratory  and  intestinal  infections  [4].
SARS-COV-2, which includes CoVs, is found in humans, bats,
and other wildlife species (SARS-CoV, in bats and others) and
is a beta coronavirus [5, 6].

A study of 12 sequences of viral genomes and their sampl-
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ing dates (24 December 2019 and 13 January 2020) as well as
mapping and phylogenetic analysis of the virus genome along
with  the  geographic  location  (first  time  in  Wuhan,  Hubei
Province,  China)  indicated  the  first  generation  of  potential
human-to-human  virus  transmission.  In  a  report,  it  has  been
estimated  that  SARS-CoV-2  probably  emanated  on  9
November  2019  (95%  valid:  25  September  2019  and  19
December 2019) [7]. Based on another report, the outbreak of
the  virus  was  from 15  October  to  10  November  2019,  or  16
November to 22 December 2019 (contingent on the calculation
method) [8].

Patino  Galindo  presented  a  double  scenario  for  the
emergence of the SARS-CoV-2 virus, according to which the
ancestors of the virus in bats initially obtained the genetic traits
of SARS by recombining SARS-like Receptor-binding Domain
(RBD)  in  2009,  which  later  evolved  under  convergent
evolution [9]. According to this report, the consumption pattern
of amino acids in SARS-CoV-2 is generally identical to that of
the bat and human severe acute respiratory syndrome-related
coronavirus (SARSr-CoVs) [10].

Compared to SARS, bat SARS and MERS CoV, Pangolin
β-CoV had little difference with SARS-CoV-2 in terms of the
Effective Number of codon (ENc) values [11]. Tang provided
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new  data  about  the  evolution  and  origin  of  SARS-CoV.
However,  the  researchers  found  merely  a  4%  variation  in
genomic nucleotides between SARSr-CoV bat  CoV RaTG13
and SARS-CoV-2; the 17% difference in neutral sites indicates
a  greater  variance  between  two  viruses,  unlike  the  previous
estimation.  Based on this  report,  new variants  in functioning
sites  of  spike  RBD  have  been  seen  in  SARS-CoV-2,  and
viruses  from  pangolin  SARSr-CoVs  have  probably  resulted
from natural selection and mutations as well as recombination.
After analyzing 103 SARS-CoV-2 genomes, it  was indicated
that  these  viruses  underwent  evolution  into  two  main  types.
These  two types  include  L and S,  which  were  found outside
China. Considering that type L is more prevalent (70%) than
type S (30%), it can be concluded that type S is the ancestral
version  [12].  Although  considerable  research  improvements
have occurred, the virus origin is yet obscure [13].

Finding  suitable  biochemistry  and  immunological
biomarkers could help us in early diagnosis and reducing the
casualties of this disease. In this review, we aimed to review
the previous investigations of biochemical and immunological
biomarkers to reccommend suitable diagnostic biomarkers for
laboratory diagnosis of SARS-CoV-2 (COVID -19).

2. IMMUNOLOGY ANALYSES

2.1. Antibody Response

The host’s humoral response, including IgA, IgM, and IgG,
to SARS-CoV-2, has been investigated using recombinant viral
nucleocapsids and an ELISA based assay. Two hundred- eight
plasma  samples,  including  82  confirmed  cases  and  58
suspected  cases,  were  obtained  from  the  patients.  By  these
samples,  the  IgM  diagnostic  value  was  assessed.  IgM  with
85.4% and IgA with  92.7% were  detected  after  5  days  (IQR
3-6),  and  IgG  with  77.9%  was  detected  after  14  days  (IQR
10-18) of the onset of symptoms. The positive IgM antibody
level was estimated to be 75.6% in confirmed cases and 93.1%
in  suspected  cases.  IgM  ELISA  had  higher  diagnostic
efficiency than qPCR in 5 days from the onset of symptoms.
Compared to the single qPCR test, the use of IgM ELISA with
PCR for each patient significantly increased the rate of positive
diagnosis  so  that  this  value  for  qPCR  and  IgM  ELISA  with
PCR was (51.9%) and (98.6%), respectively [14].

To et al. conducted a cohort study at two hospitals in Hong
Kong  and  assessed  the  serum  antibody  value  against  two
essential  proteins  including  surface  spike  RBD  and  internal
nucleoprotein for 14 days or more after the onset of symptoms
using the EIA method. They observed that 15 (94%), 14 (88%),
16 (100%), and 15 (94%) out of 16 patients were positive for
anti-  internal  nucleoprotein  IgG,  anti-  internal  nucleoprotein
IgM,  anti-RBD  IgG,  and  anti-RBD  IgM,  respectively.  They
believed that IgG anti-SARS-CoV-2- internal nucleoprotein or
anti-SARS-CoV-2-RBD  levels  are  associated  with  virus
neutralization  (R2  >0.  9)  [15].

In  another  study,  Wu  and  co-workers  measured  the
antibody  level  against  RBD,  S1,  and  S2  proteins  in  the  175
recovered patients using ELISA. All patients manifested mild
symptoms.  10  to  15  days  after  the  onset  of  disease,  specific
neutralizing antibodies against SARS-CoV-2 were detected in

patients’  samples  without  cross-reactivity  with  SARS-CoV.
Plasma neutralizing antibody titers and S-antibodies targeting
S1,  RBD,  and  S2  were  in  correlation  and  were  significantly
lower in young people than in middle-aged people (P <0.0001
and P = 0.0003, respectively).

The neutralizing antibody titers were positively correlated
with  plasma  C-reactive  Protein  (CRP)  levels  but  negatively
correlated with the lymphocyte counts of patients at the time of
admission, indicating an association between humoral response
and cellular immune response [16]. The neutralizing antibody
titers  were  negatively  associated  with  the  number  of
lymphocytes in patients at the time of hospitalization and were
positively  correlated  with  the  levels  of  the  plasma  CRP,
indicating  a  link  between  cellular  immune  and  humoral
response. According to some observations in patients, there are
some  memory  B  cells  specified  for  viruses  and  capable  of
detecting RBD on the surface of SARS-CoV-2. They produced
206 specific SARS-CoV-2 RBD monoclonal antibodies using
B-cell  Recptor  (BCR)  sequencing  and  single-cell  sorting.
Antibodies  were  derived  from  different  genes  of
immunoglobulins families with no evident enrichment for any
particular  family.  Two  clones  of  98-99%  showed  blocking
activity  against  virus  entry,  which  correlated  with  high
competition  capacity  against  ACE2  receptors  (which  is
considered  a  vector  for  COVID-19)  [17,  18].

2.2. Virus’ Cellular Responses

Liu  et  al.  investigated  the  variation  of  the  subsets  of
lymphocyte and cytokines in 40 patients using flow cytometry
and immunoassay. 13 out of 40 patients with severe symptoms
showed considerable lymphocyte reduction, especially of CD8+

T cells, but exhibited a neutrophil increase in comparison with
the 27 mild patients. In addition, IL-6, IL-10, IL-2, and IFN-γ
levels  in  the  peripheral  blood  were  significantly  higher  in
patients with severe symptoms. In surviving patients with acute
symptoms,  the  levels  of  T  cells  and  cytokines  gradually
decreased and reached levels similar to those patients with mild
symptoms. The authors believed that the ratio of neutrophil to
lymphocyte and neutrophil to CD8+ T cells could be a valuable
prognostic indicator to screen the severe diseases in the early
stage  [19].  In  another  study  on  the  60  patients  who  suffered
from COVID-19,  the  peripheral  blood  lymphocyte  subscales
were investigated using flow cytometry both before and after
treatment. The levels of all lymphocytes, including CD4+ and
CD8+ T cells, B cells, and NK cells, were reduced, and it was
directly  related to  the  severity  of  the  disease.  There  has  also
been a correlation between inflammation and subsets, including
CD8+ T cells and the CD4 / CD8 ratio. In addition, in 67% of
treated  patients,  increased  rates  of  CD8+  T  cells  and  B  cells
were observed [20].

According to another study, the level of CD8+  T and NK
cells in SARS-CoV-2 infection patients has been significantly
reduced. In addition, NKG2A expression was upregulated on
NK  cells  and  CTLs  in  patients  with  a  reduced  ability  to
produce CD107a, IFN-γ, IL-2, granzyme B, and TNF-α. Also,
in  the  patients,  NK  and  CTLs  increased  the  expression  of
NKG2A, although the ability to produce CD107a, IFN-γ, IL-2,
granzyme B, and TNF-α was decreased. The level of NKG2A
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+ cytotoxic  lymphocytes  has  also  reduced  after  the  patients’
recovery.  It  can  be  due  to  the  functional  exhaustion  of
cytotoxic lymphocytes [21].  Zheng et al.  provided a detailed
analysis  of  the  immunological  characteristics  of  peripheral
blood leukocytes from 16 patients, including 10 mild cases and
6 severe cases. The levels of IFN-γ and TNF-α in CD4+ T cells
were lower in the severe group than in the mild group, whereas
the  levels  of  granzyme B and  perforin  in  CD8+  T  cells  were
higher  in  the  severe  group  than  in  the  mild  group.  Another
study was conducted on 16 patients infected with COVID-19
(10 mild  and 6  severe  cases)  for  evaluating peripheral  blood
leukocytes and their immunological characteristics. The study
showed that the more group of acute patients had lower levels
of IFN-γ and TNF-α in their CD4+ T cells compared to the mild
patients group, and on the other hand, they had a higher level
of  granzyme  B  and  perforin  in  CD8+  T  cells.  Although  the
activation  molecules  displayed  no  differentiation  in  CD4+  T
cells, the mild group had lower levels of HLA-DR and TIGIT
in CD8+ T cells. According to this report, COVID-19 behaves
in  a  similar  manner  to  some  chronic  infections,  so  that  it
disrupts the function of CD4+ T cells and makes CD8+ T cells
more active and possibly exhausts them. The number of CD4+

T multifunctional cells (with at least two positive cytokines) in
the  severe  group  was  reported  to  be  less  than  the  healthy
control  group  and  the  mild  group.  The  amount  of  the  non-
exhausted (PD-1−CTLA-4−TIGIT−) subsets of CD8+ T cells in
the  severe  group  was  significantly  lower  compared  to  the
healthy  control  group  and  the  mild  group  [22].

3. LABORATORY FINDINGS & BIOMARKERS

Various  laboratory  researches  are  ongoing  to  search  for
signs  for  early  diagnosis  and  understanding  the  pathological
mechanism of the virus.

3.1. Virus Load

The virus load in patients’ respiratory secretions using RT-
PCR  is  one  of  the  ways  for  diagnosing  COVID-19.  The
following  are  some  of  the  findings  regarding  it:

3.1.1. Virus Load And Disease Severity

One of the early diagnosis methods for the severity of the
disease is to evaluate viral load from the patient’s respiratory
tract. According to a report from 76 patients with COVID-19,
the  virus  load  can  be  used  to  assess  disease  severity  and
prognosis, so in acute cases, the viral load was found to be at
least  60  times  higher  than  that  of  the  mild  cases  [23,  24].
However, it has been reported that the rate of viral load in the
respiratory tract of two patients with mild symptoms was 5.2
and 7.4 log10 copies per 1000 cells 24 hours after the onset of
the  disease  [25].  There  are  conflicting  reports  on  the
relationship between viral load and age, which sometimes links
older  age  to  higher  viral  load,  and  some  reports  do  not
associate  the  two  [15,  26].

3.1.2. Virus Load in Different Types of Specimens

In  a  research  study,  the  samples  of  82  patients  were
examined.  In  the  daily  examination  of  the  samples  of  throat
swab and sputum of 2 patients, it was observed that the viral

load reached its peak in 5-6 days from the onset of symptoms
(104  to  107  copies  per  mL).  At  different  severity  levels  of
infection, the viral load ranged from 641 to 1.34×1011  copies
per  mL.  The  average  viral  loads  for  throat  samples  and  the
sputum samples were 7.99 × 104 and 7.52 × 105, respectively.
In deceased patients,  the sputum samples collected in 8 days
after the onset of the disease had a high amount of 1.34 × 1011

copies  per  mL.  Positive  results  of  RT-PCR in  2  people  who
were  exposed  to  infection  before  the  onset  of  symptoms
indicate the possibility of people getting infectious before the
onset  of  symptoms.  Stool  samples  from  11  of  the  17  cases,
0-11 days after the onset of the disease, were positive with a
lower viral load using RT-PCR analysis [27]. In another report,
the authors found RNA of SARS-CoV-2 in the blood of 6 of 57
patients. Since all of these 6 patients showed severe symptoms,
they concluded that there is a strong association between the
disease severity and the serum viral RNA (p-value = 0.0001)
[28].

3.2. Cell Counts

Lagunas-Rangel investigated the neutrophil to lymphocyte
and  Lymphocyte-to-CRP  ratio  in  COVID-19  patients  to
understand  if  these  values  can  predict  the  severity  of  the
disease. He conducted a meta-analysis on six studies with 828
patients  and  reported  in  severe  COVID-19  patients,  the
neutrophil  to  lymphocyte  ratio  is  significantly  increased
(SMD=2.404, 95% CI=0.98 to 3.82), whereas the lymphocyte-
to-CRP ratio is decreased (SMD= -0.912, 95% CI= -1.275 to
-0.550] [29].

According to the study findings presented by Liu et al., in
which  61  patients  were  monitored,  it  was  concluded  that
neutrophil  to  lymphocyte  ratio  could  be  a  prognostic  marker
for  the  identification  of  severe  diseases.  This  marker  has
overridden  the  MuLBSTA  score  known  for  monitoring
COVID-19  patients  [30].  The  following  report  from  40
patients’ data verified the conclusion above [19]. The number
of lymphocytes in severe cases is considerably lower (0.7 × 109

/L)  than  in  moderate  cases  (1.1  ×  109/L),  based  on  Chen’s
report.  The absolute number of  T lymphocytes,  CD4+  T,  and
CD8+  T cells experienced a decline in almost all  the patients
and was significantly lower in severe cases (294.0, 177.5, and
89.0 × 106/L) than that in the moderate cases (640.5, 381.5 and
254.0 × 106/L). The expressions of IFN-γ by CD4+ T cells were
lower in severe cases (14.1%) than in moderate cases (22.8%)
[31]. Moreover, Zheng et al. assessed the differences between
103  COVID-19  and  22  non-COVID-19  pneumonia  cases
through examining the laboratory parameters. The lymphocyte
subsets  number  had  a  remarkable  negative  relationship  with
biochemical  indices  that  are  related  to  organ  injury  in  the
patients  infected  by  COVID-19  [32].  In  a  similar  way,  the
phenomenon of lymphocyte depletion (PLD) was explained by
Zeng  et  al.  This  phenomenon  was  reported  in  a  100%
proportion  of  severe  or  critical  cases  [ICU].  With  the
advancement  of  the  disease,  the  lymphocyte  amount  fell
drastically  [33].  An  investigation  by  Tan  et  al.  affirmed  the
observation of Lymphopenia. In the beginning, the number of
lymphocytes declined in severe patients, after which it rose by
above  10%  till  discharge.  However,  there  was  a  brief
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fluctuation  in  the  number  of  lymphocytes  after  initiation  of
disease, followed by an increase above 20% during discharge
in  moderate  patients  [34].  Since  eosinopenia  is  regularly
noticed in COVID-19 patients (79% in SARS-CoV-2 positive
patients compared to 36% in SARS-CoV-2 negative patients),
a straight forward alternate method has been offered to assist
triage  of  patients.  This  method  resulted  in  a  diagnosis
specificity and sensitivity of 64% and 79%, respectively [35].
As reported in previous studies, severe cases had the tendency
to  have  higher  leukocytes  amount,  lower  number  of
lymphocytes,  a  lower  proportion  of  eosinophil,  monocytes,
basophils,  and  a  higher  neutrophil  to  lymphocyte  ratio.  The
majority  of  severe  cases  showed  an  increased  amount  of
inflammatory  cytokines  and  infection-related  biomarkers.
Lymphocyte  subgroups  were  examined  in  44  patients  with
COVID-19  on  admission.  There  was  a  dramatic  decrease  in
total number of T cells, B cells, and NK cells in patients with
COVID-19, especially in severe cases. On the other hand, the
proportion  of  naïve  helper  T  cells  (CD3+,  CD4+,  CD45RA+)
rose  while  that  of  memory  helper  T  cells
(CD3+CD4+CD45RO+)  fell  in  severe  cases  [36].

3.3. Biochemistry Tests

High CRP is a significant trait of COVID-19 [37]. A study
of  12  patients  demonstrated  that  blood  biochemistry  indexes
such as lactate dehydrogenase (LDH), CRP and albumin might
be  a  hallmark  of  disease  severity  [23].  Also,  based  on  the
report by Liu et al.,  CRP was found to be high in a group of
patients  with  progressive  disease  compared  with
improved/stabilized  group  (38.9  [14.3,  64.8]  vs.  10.6  [1.9,
33.1] mg/L, U = 1.315, P = 0.024). The level of albumin was
considerably  higher  in  the  improvement/stabilization  group
than that of the progression group (41.27 ± 4.55 g/L vs. 36.62 ±
6.60, U = 2.843, P = 0.006) [38]. Based on the observations by
Li  et  al.,  there  was  a  dramatic  rise  in  the  levels  of  CRP and
Serum Amyloid  A (SAA).  Over  the  disease  progression,  the
levels  of  SAA  and  CRP  increased,  while  the  number  of
lymphocytes declined. By analyzing the ROC curve, it could
be  concluded  that  the  levels  of  CRP,  SAA,  lymphocyte
numbers,  and  SAA/lymphocyte  ratio  are  useful  data  for
assessing the severity of COVID-19 and separation of severe
cases from mild ones.Also, it is more likely that the CT images
of patients who have initially high levels of SAA are poor [39].
As explained in the report by Fan et al., 50.7% of 148 patients
had  an  aberrant  liver  function  on  admission  with  increased
Gamma-glutamyl  Transferase  (GGT),  AKP,  Aspartate
Aminotransferase (AST), and Alanine Aminotransferase (ALT)
levels  [40].  Levels  of  LDH,  high-sensitivity  CRP,  ALT,  and
ferritin  were  considerably  higher  in  severe  cases  (41.4  U/L,
567.2 U/L, 135.2 mg/L and 1734.4 ug/L) than that in moderate
cases  (17.6  U/L,  234.4  U/L,  51.4  mg/L  and  880.2  ug  /L).
Moreover, the concentrations of TNF-α, IL-2R and IL-10 were
higher  in  severe  cases  (1202.4  pg/mL,  10.9  pg/mL  and  10.9
pg/mL) compared to mild cases (441.7 pg/mL, 7.5 pg/mL and
6.6 pg/mL) on admission [31].

Also,  the  level  of  the  plasma  angiotensin  II  from
COVID-19  patients  was  raised  and  had  a  linear  correlation
with lung injury and viral load [23]. The enhanced amount of
procalcitonin is related to an almost 5-fold higher risk of severe

SARS-CoV-2 infection (OR, 4.76; 95% CI, 2.74-8.29) based
on a meta-analysis by Lippi et al. Among various studies, the
heterogeneousness  was  moderate  (i.e.,  34%).  Since  this
biomarker synthesis is prevented by INF-γ, its concentration is
assumed to rise over the period of viral infections; the authors
think that an elevated amount of procalcitonin could illustrate
bacterial  superinfection  in  severe  cases.  However,  more
researches  are  required  to  be  carried  out  to  determine  the
biomarker’s  origin  [41].  Lippi  et  al.  evaluated  the  level  of
cardiac  troponin  I  (cTnI)  in  patients  with  COVID-19  by
conducting  a  meta-analysis.  Despite  high  heterogeneity,  the
amount  of  cTnI  rose  in  the  patients  with  severe  illness
compared to those without severity (SMD, 25.6 ng/L; 95% CI,
6.8–44.5 ng/L) [42].

Serum ferritin, IL-10, and IL-6 levels were considered an
essential  determinant  for  severe  diseases.  According  to  the
findings  by  Terpos  et  al.,  different  criteria  are  capable  of
determining  the  severity.  For  instance,  thrombocytopenia,
lymphopenia,  and  neutrophilia  could  anticipate  acute
respiratory  distress  syndrome  (ARDS),  as  well  as
cardiovascular complications. Increased levels of ferritin, CRP,
LDH, IL-6, procalcitonin, and coagulation disorders (PTT, D-
dimer, aPT, and increased fibrin degradation) have also been
emphasized [43].

In another study on 47 patients  by Han et  al.,  the author
reported that LDH had the most positive relationship with the
severity of disease; there is also a strong correlation of LDH
with lung damage. They also reported that LDH had a positive
correlation with CRP, AST, Blood Urea Nitrogen (BUN) and
cTnI, and a negative correlation with lymphocytes. In severe
cases, during the 14-days monitoring period, they observed an
increase  in  CRP  and  a  decrease  in  lymphocytes,  especially
CD3+, CD4+, and CD8+ T cells [44].

Zhou  et  al.  performed  blood  and  urine  analysis  in  178
patients.  The  serum  creatinine  (Scr)  did  not  increase  in
patients;  also,  BUN  increased  in  2.8%  of  the  patients,
indicating “kidney dysfunction” in a few cases. In 54.2% of 83
patients  without  any  kidney  disease  history,  45  (54.2%)
patients  showed  proteinuria,  hematuria,  and  leukocyturia,  in
their  urinalysis,  whereas  no  Acute  Kidney  Injury  (AKI)
parameter  was  observed.  It  is  noteworthy  that  patients  who
show such abnormalities in their urinalysis, usually have higher
liver injury inflammation and coagulation parameters, and they
are  more  severe  cases  compared  to  the  others.  It  has  been
suggested to use urinalysis which could be an excellent method
to evaluate disease severity.

Tian et al. studied the patterns of the longitudinal changes
in  immunological  and  biochemical  parameters  in  59  patients
with  COVID-19.  At  the  onset  of  the  disease,  the  value  of
eosinophils  reduced  by  52.6%,  and  it  increased  significantly
after that. Also, in 40.4% of cases, the number of lymphocytes
reduced  at  the  onset  of  the  disease,  and  then  after  5  days,  it
started to increase gradually. The platelet count in 12.3% cases
reduced  at  the  onset  of  the  disease,  and  after  7  days,  the
average value of mean platelet volume reduced significantly.
After  day  7,  in  30.6% of  patients,  the  values  of  AST,  LDH,
creatine  kinase,  creatinine  kinase-muscle/brain  activity,  and
cTnI, serum cardiac markers, were more than the upper limit of
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RI. Also the abnormity of liver function tests, kidney function
tests, electrolytes was 2.0%~59.2%, 2.0%~4.1%, 6.0%~30.0%,
respectively [45].

3.4. Coagulation Parameters

The  coagulation  data  of  183  successive  patients  with
verified COVID-19 pneumonia was explained by Tang et al.
The levels of Fibrin Degradation Product (FDP) and D-dimer
were  higher  in  non-survivors.  Also,  longer  activated  partial
thromboplastin  time  and  prothrombin  time  were  revealed  in
non-survivors  compared  to  survivors  on  admission  (P<0.05)
[46].

Zhou et al. realized that increased likelihood of in-hospital
death is related to the concentration of D-dimer higher than1·0
μg/L  (18·42,  2·64–128·55;  p=0·0033)  on  admission  [47].  In
addition, according to the findings of Gao et al., levels of IL-6
and  D-dimer  were  associated  with  the  occurrence  of  severe
COVID-19 infection in  adult  patients,  and their  combination
provides  the  most  sensitive  and  specific  detection  for
predicting  the  severity  of  disease  in  the  early  stage.  In  this
study, the specificity of prediction was almost 93.3%, while the
sensitivity stood at 96.4% [48].

CONCLUSION

The development of COVID-19 infection is dependent on
various  parameters,  all  of  which  contribute  to  a  person’s
illness,  severity,  and  duration  of  illness,  as  well  as  the
likelihood  of  death.  Some  of  the  biochemical  and
immunological  factors  have been different  in  various studies
and groups.

General results from different researches on COVID-19 are
similar to that of other infectious diseases, which contribute to
an increase in lung damage factors and liver damage factors, as
well as an increase in inflammatory factors. The reduction of
lymphocytes is also confirmed in most of the articles. Proper
diagnosis of changes in biochemical and immunological factors
caused by COVID-19 infection leads to early detection of this
disease and the reduction in mortality rate.  However,  further
studies are needed for a better understanding of this virus and
finding an effective strategy for early diagnosis.

LIST OF ABBREVIATIONS

RBD = Receptor-Binding Domain

PCR = Polymerase Chain Reaction

EIA = Enzyme-Linked Immunosorbent Assay

CRP = C-Reactive Protein

BCR = B Cell Receptor

NK = Natural Killer Cells

CTLs = Cytotoxic T Cell

TNF = Tumor Necrosis Factor

HLA-DR = Human Leukocyte Antigen – DR Isotype

TIGIT = T Cell Immunoreceptor

PD-1 = Programmed Cell Death Protein 1

CTLA-4 = Cytotoxic T-Lymphocyte-Associated Protein 4

PLD = Phenomenon Of Lymphocyte Depletion

SAA = Serum Amyloid A

ROC = Receiver Operating Characteristic

GGT = Gamma Glutamyl Transferase

Akp = Alkaline Phosphatase

Ast = Aspartate Aminotransferase

Alt = Alanine Aminotransferase

Ldh = Lactate Dehydrogenase

Inf-Γ = Interferon Gamma

BUN = Blood Urea Nitrogen

cTni = Cardiac Troponin I

Scr = Serum Creatinine

AKI = Acute Kidney Injury
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CONSENT FOR PUBLICATION

Not applicable.

FUNDING

None.

CONFLICT OF INTEREST

The  authors  declare  no  conflict  of  interest,  financial  or
otherwise.

ACKNOWLEDGEMENTS

The  authors  are  grateful  to  the  “Clinical  Research
Development Unit of Baqiyatallah Hospital” for guidance and
advice.

REFERENCES

Global  COVID-19  cases  top  248  million:  Johns  Hopkins  2020.[1]
Available  at:
https://www.nationalheraldindia.com/international/global-covid-19-cas
es-top-248-million-johns-hopkins
Li  G,  Fan  Y,  Lai  Y,  et  al.  Coronavirus  infections  and  immune[2]
responses. J Med Virol 2020; 92(4): 424-32.
[http://dx.doi.org/10.1002/jmv.25685] [PMID: 31981224]
Halaji M, Farahani A, Ranjbar R, Heiat M, Dehkordi FS. Emerging[3]
coronaviruses:  first  SARS,  second  MERS  and  third  SARS-CoV-2:
epidemiological updates of COVID-19. Infez Med 2020; 28(Suppl. 1):
6-17.
[PMID: 32532933]
Mirzaie  A,  Halaji  M,  Dehkordi  FS,  Ranjbar  R,  Noorbazargan H.  A[4]
narrative  literature  review  on  traditional  medicine  options  for
treatment  of  corona  virus  disease  2019  (COVID-19).  Complement
Ther Clin Pract 2020; 40101214
[http://dx.doi.org/10.1016/j.ctcp.2020.101214] [PMID: 32891290]
Sheikhshahrokh A, Ranjbar R, Saeidi E, et al.  Frontier therapeutics[5]
and vaccine strategies for SARSCoV-2 (COVID-19): A review. Iran J
Public Health 2020; 49: 18-29.
Mohammadpour S, Torshizi Esfahani A, Halaji M, Lak M, Ranjbar R.[6]
An  updated  review  of  the  association  of  host  genetic  factors  with
susceptibility and resistance to COVID-19. J Cell Physiol 2020.
[PMID: 32542735]
Li Z, Yi Y, Luo X, et al. Development and clinical application of a[7]
rapid  IgM-IgG  combined  antibody  test  for  SARS-CoV-2  infection
diagnosis. J Med Virol 2020.

https://www.nationalheraldindia.com/international/global-covid-19-cases-top-248-million-johns-hopkins
https://www.nationalheraldindia.com/international/global-covid-19-cases-top-248-million-johns-hopkins
http://dx.doi.org/10.1002/jmv.25685
http://www.ncbi.nlm.nih.gov/pubmed/31981224
http://www.ncbi.nlm.nih.gov/pubmed/32532933
http://dx.doi.org/10.1016/j.ctcp.2020.101214
http://www.ncbi.nlm.nih.gov/pubmed/32891290
http://www.ncbi.nlm.nih.gov/pubmed/32542735


A Review on Biochemical and Immunological Biomarkers The Open Microbiology Journal, 2020, Volume 14   295

[http://dx.doi.org/10.1002/jmv.25727] [PMID: 32104917]
Li  X,  Wang  W,  Zhao  X,  et  al.  Transmission  dynamics  and[8]
evolutionary history of 2019-nCoV. J Med Virol 2020; 92(5): 501-11.
[http://dx.doi.org/10.1002/jmv.25701] [PMID: 32027035]
Patiño-Galindo JÁ, Filip I, AlQuraishi M, Rabadan R. Recombination[9]
and  convergent  evolution  led  to  the  emergence  of  2019  Wuhan
coronavirus. bioRxiv 2020.
Gu H, Chu DK, Peiris JSM, Poon LL. Multivariate Analyses of Codon[10]
Usage  in  2019  Novel  Coronavirus  on  the  Genomic  Landscape  of
Betacoronavirus. bioRxiv 2020.
Kandeel  M,  Ibrahim  A,  Fayez  M,  Al-Nazawi  M.  From  SARS  and[11]
MERS  CoVs  to  SARS-CoV-2:  Moving  toward  more  biased  codon
usage in viral structural and nonstructural genes. J Med Virol 2020;
92(6): 660-6.
[http://dx.doi.org/10.1002/jmv.25754] [PMID: 32159237]
Tang  X,  Wu  C,  Li  X,  Song  Y,  et  al.  On the  origin  and  continuing[12]
evolution of SARS-CoV-2. Natl Sci Rev 2020.
[http://dx.doi.org/10.1093/nsr/nwaa036]
Mirzaei R, Karampoor S, Sholeh M, Moradi P, Ranjbar R, Ghasemi F.[13]
A contemporary review on pathogenesis and immunity of COVID-19
infection. Mol Biol Rep 2020; 47(7): 5365-76.
[http://dx.doi.org/10.1007/s11033-020-05621-1] [PMID: 32601923]
Guo  L,  Ren  L,  Yang  S,  et  al.  Profiling  early  humoral  response  to[14]
diagnose  novel  coronavirus  disease  (COVID-19).  Clin  Infect  Dis
2020; 71(15): 778-85.
[http://dx.doi.org/10.1093/cid/ciaa310] [PMID: 32198501]
To KK-W, Tsang OT-Y, Leung W-S, et al. Temporal profiles of viral[15]
load  in  posterior  oropharyngeal  saliva  samples  and  serum antibody
responses during infection by SARS-CoV-2: An observational cohort
study. Lancet Infect Dis 2020; 20(5): 565-74.
[http://dx.doi.org/10.1016/S1473-3099(20)30196-1]  [PMID:
32213337]
Wu  F,  Wang  A,  Liu  M,  Wang  Q,  et  al.  Neutralizing  antibody[16]
responses to SARS-CoV-2 in a COVID-19 recovered patient cohort
and their implications 2020.
[http://dx.doi.org/10.2139/ssrn.3566211]
Catalan-Dibene  J.  Human  antibodies  can  neutralize  SARS-CoV-2.[17]
Nature Publishing Group 2020.
Heiat  M,  Hashemi-Aghdam M-R,  Heiat  F,  et  al.  Integrative  role  of[18]
traditional and modern technologies to combat COVID-19. Expert Rev
Anti Infect Ther 2020; 1-11.
[http://dx.doi.org/10.1080/14787210.2020.1799784]  [PMID:
32703036]
Liu J,  Li S,  Liu J,  et al.  Longitudinal characteristics of lymphocyte[19]
responses  and  cytokine  profiles  in  the  peripheral  blood  of  SARS-
CoV-2 infected patients. EBioMedicine 2020; 55102763
[http://dx.doi.org/10.1016/j.ebiom.2020.102763] [PMID: 32361250]
Wang  F,  Nie  J,  Wang  H,  et  al.  Characteristics  of  peripheral[20]
lymphocyte subset alteration in COVID-19 pneumonia. J Infect Dis
2020; 221(11): 1762-9.
[http://dx.doi.org/10.1093/infdis/jiaa150] [PMID: 32227123]
Liao M, Liu Y, Yuan J, et al. The landscape of lung bronchoalveolar[21]
immune cells in COVID-19 revealed by single-cell RNA sequencing.
medRxiv 2020.
Zheng H-Y, Zhang M, Yang C-X, et  al.  Elevated exhaustion levels[22]
and reduced functional  diversity of T cells  in peripheral  blood may
predict severe progression in COVID-19 patients. Cell Mol Immunol
2020; 17(5): 541-3.
[http://dx.doi.org/10.1038/s41423-020-0401-3] [PMID: 32203186]
Lin  D,  Liu  L,  Zhang  M,  et  al.  Co-infections  of  SARS-CoV-2  with[23]
multiple common respiratory pathogens in infected patients. Sci China
Life Sci 2020; 63(4): 606-9.
[http://dx.doi.org/10.1007/s11427-020-1668-5] [PMID: 32170625]
Liu  Y,  Yan L-M,  Wan L,  et  al.  Viral  dynamics  in  mild  and  severe[24]
cases of COVID-19. Lancet Infect Dis 2020; 20(6): 656-7.
[http://dx.doi.org/10.1016/S1473-3099(20)30232-2]  [PMID:
32199493]
Lescure F-X, Bouadma L, Nguyen D, et al. Clinical and virological[25]
data of the first cases of COVID-19 in Europe: a case series. Lancet
Infect Dis 2020; 20(6): 697-706.
[http://dx.doi.org/10.1016/S1473-3099(20)30200-0]  [PMID:
32224310]
Zhou  B,  She  J,  Wang  Y,  Ma  X.  The  duration  of  viral  shedding  of[26]
discharged  patients  with  severe  COVID-19.  Clin  Infect  Dis  2020;
71(16): 2240-2.
[http://dx.doi.org/10.1093/cid/ciaa451] [PMID: 32302000]
Pan Y, Zhang D, Yang P, Poon LLM, Wang Q. Viral load of SARS-[27]

CoV-2 in clinical samples. Lancet Infect Dis 2020; 20(4): 411-2.
[http://dx.doi.org/10.1016/S1473-3099(20)30113-4]  [PMID:
32105638]
Chen W, Lan Y, Yuan X, et al. Detectable 2019-nCoV viral RNA in[28]
blood  is  a  strong  indicator  for  the  further  clinical  severity.  Emerg
Microbes Infect 2020; 9(1): 469-73.
[http://dx.doi.org/10.1080/22221751.2020.1732837]  [PMID:
32102625]
Lagunas-Rangel FA. Neutrophil-to-lymphocyte ratio and lymphocyte-[29]
to-C-reactive protein ratio in patients with severe coronavirus disease
2019 (COVID-19): A meta-analysis. J Med Virol 2020.
[http://dx.doi.org/10.1002/jmv.25819] [PMID: 32242950]
Liu J, Liu Y, Xiang P, et al. Neutrophil-to-lymphocyte ratio predicts[30]
severe illness patients with 2019 novel coronavirus in the early stage.
MedRxiv 2020.
Chen G, Wu D, Guo W, et al. Clinical and immunological features of[31]
severe  and  moderate  coronavirus  disease  2019.  J  Clin  Invest  2020;
130(5): 2620-9.
[http://dx.doi.org/10.1172/JCI137244] [PMID: 32217835]
Zheng  Y,  Huang  Z,  Yin  G,  et  al.  Study  of  the  lymphocyte  change[32]
between COVID-19 and non-COVID-19 pneumonia cases suggesting
other factors besides uncontrolled inflammation contributed to multi-
organ injury 2020.
[http://dx.doi.org/10.2139/ssrn.3555267]
Zeng  Q,  Li  Y-z,  Huang  G,  Wu  W,  Dong  S-y,  Xu  Y.  Mortality  of[33]
COVID-19 is associated with cellular immune function compared to
immune function in chinese han population. medRxiv 2020.
Tan  L,  Wang  Q,  Zhang  D,  et  al.  Lymphopenia  predicts  disease[34]
severity  of  COVID-19:  a  descriptive  and  predictive  study.  Signal
Transduct Target Ther 2020; 5(1): 33.
[http://dx.doi.org/10.1038/s41392-020-0148-4] [PMID: 32296069]
Xiuli  Ding  M,  Geqing  Xia  M,  Zhi  Geng  M,  Wang  Z,  Wang  L.  A[35]
simple  laboratory  parameter  facilitates  early  identification  of
COVID-19  patients.
Qin  C,  Zhou  L,  Hu  Z,  Zhang  S,  et  al.  Dysregulation  of  immune[36]
response in patients with COVID-19 in Wuhan, China. Clin Infect Dis
2020.
Zhang J, Zhou L, Yang Y, Peng W, Wang W, Chen X. Therapeutic[37]
and  triage  strategies  for  2019  novel  coronavirus  disease  in  fever
clinics. Lancet Respir Med 2020; 8(3): e11-2.
[http://dx.doi.org/10.1016/S2213-2600(20)30071-0]  [PMID:
32061335]
Liu W, Tao Z-W, Wang L, et al. Analysis of factors associated with[38]
disease outcomes in hospitalized patients with 2019 novel coronavirus
disease. Chin Med J (Engl) 2020; 133(9): 1032-8.
[http://dx.doi.org/10.1097/CM9.0000000000000775]  [PMID:
32118640]
Li H, Xiang X, Ren H, Xu L, et al. SAA is a biomarker to distinguish[39]
the severity and prognosis of Coronavirus Disease 2019 (COVID-19).
J Infect 2020.
Fan Z, Chen L, Li J, et al. Clinical features of COVID-19-related liver[40]
damage. Clin Gastroenterol Hepatol 2020.
[http://dx.doi.org/10.1016/j.cgh.2020.04.002]
Lippi G, Plebani M. Procalcitonin in patients with severe coronavirus[41]
disease 2019 (COVID-19): A meta-analysis Clinica Chimica Acta. Int
J Clin Chem 2020.
Lippi G, Lavie CJ, Sanchis-Gomar F. Cardiac troponin I in patients[42]
with coronavirus disease 2019 (COVID-19): Evidence from a meta-
analysis. Prog Cardiovasc Dis 2020; 63(3): 390-1.
[http://dx.doi.org/10.1016/j.pcad.2020.03.001] [PMID: 32169400]
Terpos  E,  Ntanasis-Stathopoulos  I,  Elalamy I,  et  al.  Hematological[43]
findings and complications of COVID-19. Am J Hematol 2020; 95(7):
834-47.
[http://dx.doi.org/10.1002/ajh.25829] [PMID: 32282949]
Han Y, Zhang H, Mu S, et al. Lactate dehydrogenase, a Risk Factor of[44]
Severe COVID-19 Patients. medRxiv 2020.
Tian  S,  Zhu  X,  Sun  X,  et  al.  Longitudinal  analysis  of  laboratory[45]
findings during the process of recovery for patients with COVID-19.
medRxiv 2020.
Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment[46]
is associated with decreased mortality in severe coronavirus disease
2019  patients  with  coagulopathy.  J  Thromb  Haemost  2020;  18(5):
1094-9.
[http://dx.doi.org/10.1111/jth.14817] [PMID: 32220112]
Zhou  F,  Yu  T,  Du  R,  et  al.  Clinical  course  and  risk  factors  for[47]
mortality  of  adult  inpatients  with  COVID-19  in  Wuhan,  China:  a
retrospective cohort study. Lancet 2020; 395(10229): 1054-62.

http://dx.doi.org/10.1002/jmv.25727
http://www.ncbi.nlm.nih.gov/pubmed/32104917
http://dx.doi.org/10.1002/jmv.25701
http://www.ncbi.nlm.nih.gov/pubmed/32027035
http://dx.doi.org/10.1002/jmv.25754
http://www.ncbi.nlm.nih.gov/pubmed/32159237
http://dx.doi.org/10.1093/nsr/nwaa036
http://dx.doi.org/10.1007/s11033-020-05621-1
http://www.ncbi.nlm.nih.gov/pubmed/32601923
http://dx.doi.org/10.1093/cid/ciaa310
http://www.ncbi.nlm.nih.gov/pubmed/32198501
http://dx.doi.org/10.1016/S1473-3099(20)30196-1
http://www.ncbi.nlm.nih.gov/pubmed/32213337
http://dx.doi.org/10.2139/ssrn.3566211
http://dx.doi.org/10.1080/14787210.2020.1799784
http://www.ncbi.nlm.nih.gov/pubmed/32703036
http://dx.doi.org/10.1016/j.ebiom.2020.102763
http://www.ncbi.nlm.nih.gov/pubmed/32361250
http://dx.doi.org/10.1093/infdis/jiaa150
http://www.ncbi.nlm.nih.gov/pubmed/32227123
http://dx.doi.org/10.1038/s41423-020-0401-3
http://www.ncbi.nlm.nih.gov/pubmed/32203186
http://dx.doi.org/10.1007/s11427-020-1668-5
http://www.ncbi.nlm.nih.gov/pubmed/32170625
http://dx.doi.org/10.1016/S1473-3099(20)30232-2
http://www.ncbi.nlm.nih.gov/pubmed/32199493
http://dx.doi.org/10.1016/S1473-3099(20)30200-0
http://www.ncbi.nlm.nih.gov/pubmed/32224310
http://dx.doi.org/10.1093/cid/ciaa451
http://www.ncbi.nlm.nih.gov/pubmed/32302000
http://dx.doi.org/10.1016/S1473-3099(20)30113-4
http://www.ncbi.nlm.nih.gov/pubmed/32105638
http://dx.doi.org/10.1080/22221751.2020.1732837
http://www.ncbi.nlm.nih.gov/pubmed/32102625
http://dx.doi.org/10.1002/jmv.25819
http://www.ncbi.nlm.nih.gov/pubmed/32242950
http://dx.doi.org/10.1172/JCI137244
http://www.ncbi.nlm.nih.gov/pubmed/32217835
http://dx.doi.org/10.2139/ssrn.3555267
http://dx.doi.org/10.1038/s41392-020-0148-4
http://www.ncbi.nlm.nih.gov/pubmed/32296069
http://dx.doi.org/10.1016/S2213-2600(20)30071-0
http://www.ncbi.nlm.nih.gov/pubmed/32061335
http://dx.doi.org/10.1097/CM9.0000000000000775
http://www.ncbi.nlm.nih.gov/pubmed/32118640
http://dx.doi.org/10.1016/j.cgh.2020.04.002
http://dx.doi.org/10.1016/j.pcad.2020.03.001
http://www.ncbi.nlm.nih.gov/pubmed/32169400
http://dx.doi.org/10.1002/ajh.25829
http://www.ncbi.nlm.nih.gov/pubmed/32282949
http://dx.doi.org/10.1111/jth.14817
http://www.ncbi.nlm.nih.gov/pubmed/32220112


296   The Open Microbiology Journal, 2020, Volume 14 Ranjbar et al.

[http://dx.doi.org/10.1016/S0140-6736(20)30566-3]  [PMID:
32171076]
Gao Y, Li T, Han M, et al. Diagnostic utility of clinical laboratory data[48]

determinations for patients with the severe COVID-19. J Med Virol
2020; 92(7): 791-6.
[http://dx.doi.org/10.1002/jmv.25770] [PMID: 32181911]

© 2020 Ranjbar et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://dx.doi.org/10.1016/S0140-6736(20)30566-3
http://www.ncbi.nlm.nih.gov/pubmed/32171076
http://dx.doi.org/10.1002/jmv.25770
http://www.ncbi.nlm.nih.gov/pubmed/32181911
https://creativecommons.org/licenses/by/4.0/legalcode

	A Review on Biochemical and Immunological Biomarkers used for Laboratory Diagnosis of SARS-CoV-2 (COVID -19) 
	[]
	

	1. INTRODUCTION
	2. IMMUNOLOGY ANALYSES
	2.1. Antibody Response
	2.2. Virus’ Cellular Responses

	3. LABORATORY FINDINGS & BIOMARKERS
	3.1. Virus Load
	3.1.1. Virus Load And Disease Severity
	3.1.2. Virus Load in Different Types of Specimens

	3.2. Cell Counts
	3.3. Biochemistry Tests
	3.4. Coagulation Parameters

	CONCLUSION
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




