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QOO : ABSTRACT

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is a new pandemic virus, a global
concern, and has threatened human health. This virus binds to the Angiotensin-Converting Enzyme 2
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Introduction Respiratory Syndrome Coronavirus 2 (SARS-CoV-2).
All these members with single-stranded RNA can cause
he Coronaviridae family has three main several disorders, especially respiratory ones [1, 2].
members of Severe Acute Respiratory Among them, the SARS-CoV-2 is a new virus that has

Syndrome Coronavirus (SARS-CoV), threatened human health and is a global concern [3].
middle east respiratory syndrome coro-
navirus (MERS-CoV), and Severe Acute This deadly virus has several structural proteins such as
protein Spike (S), Envelope (E), Nucleocapsid (N), and
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Membrane (M). This RNA virus binds to the angiotensin-
converting enzymes 2 (ACE2) using its S protein. The
ACE?2 receptor is expressed on different cells, especially
on the alveolar cells. So the virus can enter the lung cells
and causes respiratory syndromes [4, 5]. During this syn-
drome, high levels of pro-inflammatory cytokines, in-
cluding interleukin-6 (IL-6) are secreted by immune cells
contributing to the inflammatory responses [6, 7]. So, in
coronavirus disease 2019 (COVID-19) respiratory failure
and acute inflammation are the main causes of death [8].

According to several reports, multiple factors have
prognostic potentials in COVID-19, such as serum amy-
loid A, procalcitonin, C-reactive Protein (CRP), and
Neutrophils/Lymphocytes Ratio (NLR) [9, 10]. This
study aims to review the NLR, as a parameter involved
in the diagnosis of respiratory inflammation, and pro-
vides a better prediction about the condition of the pa-
tients and their treatments.

Immunopathogenesis of SARS-CoV-2

SARS-CoV-2 binds to its receptor on the host cells and
enters them. Like SARS-CoV, SARS-CoV-2 uses ACE2
for infecting the cells. This receptor is mainly expressed
on epithelial cells, alveolar epithelial cells, vascular en-
dothelial cells, and macrophages in the lung. So these
cells are the main targets of SARS-CoV-2 [11-13].

After the entrance of the virus, large amounts of pro-in-
flammatory cytokines such as interferon-gamma (IFN-y),
IL-6, IL-12, IL-18, IL-1p, IL-33, tumor necrosis factor-
alpha (TNF-a), etc. along with several chemokines such
as CXCL8 and CCL2 and some others are secreted by
immune cells. So, inflammatory monocytes and other
leukocytes migrate to the lungs and inflammatory re-
sponses occur [6, 7]. In many patients, it was reported
that the neutrophil count increased. In this condition, in
addition to the virus, the inflammatory cells can cause
damage; for example by secretion of Reactive Oxygen
Species (ROS) and proteases [14]. These activated cells
can also cause inflammation-induced pulmonary dam-
age leading to complications such as pneumonia, and
Acute Respiratory Distress Syndrome (ARDS), which is
one of the common reasons leading to death in patients
infected with SARS-CoV-2 [15-17].

The viruses of the lungs can enter the blood and cause
viremia. Then the virus may enter the organs expressing
ACE2, such as the renal, heart, and gastrointestinal tract.
These events will result in multi-organ failure (especially
renal and hepatic systems) and finally death [18].
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According to several reports, multiple factors deter-
mine the severity of the COVID-19, such as NLR and
the levels of inflammatory cytokines [9, 10].

Immune responses in COVID-19

An efficient immune response is essential in eliminat-
ing the virus. The patients with effective immune re-
sponses can usually control and restrict the disease in the
early phase, but in patients with no effective immune re-
sponse, for example, older patients or those with predis-
posing disorders, the severity of the infection is worse.
However, the immune cells sometimes can damage the
host tissues and worsen the disease condition [18, 19].

Innate immunity

SARS-CoV-2 binds to ACE2 and releases its RNA into
the target cells. The RNA is recognized by endosomal
Toll-like Receptors (TLRs) such as TLR3, TLR7-9, and
also retinoic acid-inducible gene I (RIG-I) and melano-
ma-differentiation-associated gene 5 (MDAS). These
molecules induce the initiation of signaling pathways
that resulted in the production of IFN-I and many inflam-
matory cytokines and chemokines [20-23]. One of the
main chemokines secreted during SARS-CoV-2 infec-
tion is CXCLS that causes inflammatory cell recruitment
such as neutrophils [6, 7].

Neutrophils are among the circulating phagocytes of
the innate immune system. These are the first cells re-
cruited to the inflammatory sites. So during the infec-
tions, the number of these cells increases in the blood.
They release the enzymes that are in their granules.
Although these cells have effective roles in defending
against microorganisms, the released enzymes result-
ing from their degranulation could injure the tissues of
the host [24-26]. It was observed that during ARDS, the
neutrophil count in infected patients increases [15]. They
induce pro-inflammatory cytokine and chemokine secre-
tion, so they could damage the lungs and cause hemor-
rhagic lesions. According to the studies, neutrophilia is
one of the most dangerous manifestations in infected
patients and causes severe infections [27].

Neutrophil Extracellular Traps (NET) formation is one
of the mechanisms that neutrophils use for killing the
pathogens. During the NETosis, neutrophils eject net-
works composed of chromatin fibers, antimicrobial pep-
tides, and granule-derived enzymes. These structures are
called NET [28, 29]. Besides, releasing large amounts
of the Reactive Oxygen Species (ROS), overexpression
of the cytokines, microthrombosis, Acute Lung Injury
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(ALI), and ARDS are also linked to the NETosis [30-33].
Some clues in COVID-19 patients such as increased lev-
el of the free DNA, myeloperoxidase-DNA, and citrulli-
nated histone H3 in their blood samples, showed that the
NETosis following neutrophil activation can be related
to the severity of the disease [34] (Figure 1).

Adaptive immunity

In addition to innate immune cells, T and B cells also
have roles in defending against viral infections and elim-
inating them. CD4+ T cells participate in cytokine secre-
tion. Dendritic Cells (DCs) can uptake the SARS-CoV-2
and after processing, they present the epitopes to T cells
and make them produce IFN-y. The role of cytotoxic T
lymphocytes (CTLs) against viral infections is killing
the infected cells. According to the research, T cells have
significant roles against SARS-CoV-2 and insufficient T
cell response is involved in ARDS pathogenesis [35, 36].

During COVID-19, the T cell count of the peripheral
blood is decreased, and usually, lymphopenia is report-
ed, because these cells are accumulated in the lungs for
controlling the infection [37, 38]. This condition is more
intense in severe cases. In previous studies, it was dem-
onstrated that naive T helper cells increase and memory
T helper cells decrease, both in patients with severe
forms of the disease. Besides, the reduction of CD4+T
helper cells and CD8+cytotoxic T cells in all infected in-
dividuals were also observed.

During COVID-19, lymphocyte depletion occurs [39].
It is believed that like MERS-CoV, the SARS-CoV-2
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could also induce lymphocyte apoptosis. Although the
exact mechanism of the lymphocyte apoptosis is un-
clear, some mechanisms seem to have roles in this event,
such as Activation-induced Cell Death (AICD) via Fas
and FasL engagement, and lymphocyte stimulation by
pro-inflammatory cytokines like IL-6 [40]. Addition-
ally, it was demonstrated that the stress response of the
cells that is mediated by p53, can induce apoptosis and
senescence [41]. Accumulatively, as lymphocytes have
important roles in defending against SARS-CoV-2, the
lymphopenia resulted from lymphocyte depletion can be
associated with the severity of the disease.

B lymphocytes also have a significant function in CO-
VID-19. They produce neutralizing antibodies, limit the
viral infection, and protect against reinfection. The an-
tibodies can reduce the virus titer in patients. Antibod-
ies against viruses have different mechanisms: some of
them are neutralizing and they are against spike and nu-
cleocapsid proteins. They could prevent the binding of
the virus to the receptor on host cells. Some others have
opsonization function; they help phagocytes to eliminate
the virus. They can also activate the complement pro-
teins. According to some studies, the delayed and poor
antibody response is related to severe outcomes [15, 42,
43]. Several reports have demonstrated that the severity
of the COVID-19 is associated with increased antibody
response (Figure 1) [43, 44].

Neutrophil lymphocyte ratio

The neutrophil count of the peripheral blood should
be divided into the lymphocyte count for measuring the
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Table 1. The summary of the studies about the use of Neutrophil to Lymphocyte Ratio (NLR) as a prognostic marker

Disease Sample Size Results References
End-Stage Renal Dis- 61 patients Levels of NLR and tumor necrosis factor (TNF)-a were positively correlated [45]
ease (ESRD)
Gastric cancer 1028 patients Elevated NLRs are associated with low survival and poor prognosis [15]
For every unit augment in NLR, the risk of cancer-associated death will be increased
Any cancer population 1498 patients [49]
by about 10%
el plreitel el 224 patients High NLR associated with the poor outcome in critically ill patients [43]
tress syndrome (ARDS) P g P yiip
NLR in non-survivors was significantly higher than the survivors
ARDS 275 patients [48]
NLR more than 14, was associated with a shorter overall survival
. . NLR in the fatal group was significantly higher than those of the survival group
AIV-H7N9 influenza 237 patients . . . . [55]
NLR was independently associated with fatality
The influenza virus-infected group had significantly higher NLR than the control
307 patients group
Respiratory infections 100 healthy [53]
people NLR is a more sensitive inflammatory marker than other common hematological
parameters
The severity rate in patients with elevated NLR was higher, but the recovery rate
was lower than the cases with lower NLRs
COoVID-19 222 patients [41]
In NLR high patients, the levels of inflammatory cytokines such as IL-6 and IL-2 were
increased but the number of CD4+ T cells was decreased
NLR is a very specific and sensitive marker in predicting the severity of patients with
COVID-19 344 patients [54]
COVID-19 especially in patients over 50 years
NLR was the most important prognostic factor for progression, followed by age
COVID-19 115 patients  The incidence of critically ill patients with NLR>3.13 and aged>50 years was 50%, [52]
and 9.1% in aged>50 years and NLR<3.13 patients
In comparison with non-severe cases of COVID-19, the severe patients have a
COoVID-19 452 patients [56]
higher neutrophil count, so the NLR tended to be higher in them
The risk of mortality during hospitalization in cases with elevated NLR was higher
COVID-19 245 patients [51]
This correlation was more significant in male patients than the female cases
. In COVID-19 positive patients, the NLR was significantly higher
COVID-19 80 patients - [36]
When NLR was more than 2.4, the probability of COVID-19 was 20-fold greater
The severe group had higher NLRs than the mild group
COVID-19 210 patients  The highest tertile of NLR showed a 5.9-fold elevated incidence of severity relative [50]
to that of the lowest tertile
Some factors are associated with the severity of the disease, such as; NLR, underly-
ing disease (cardiovascular disease), male sex, and pulse
There is a positive correlation between NLR and the levels of cytokines (IL-6, IL-10)
COVID-19 230 patients  There is a negative correlation between NLR and the proportion of CD3+ and CD8+ [57]

T lymphocyte subsets
There is a positive correlation between NLR and the severity of the disease

The higher NLR can lead to a longer course of the disease
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NLR. This ratio shows the inflammatory status. The NLR
is used as a prognostic marker in several conditions, such
as cardiovascular diseases, cancer patients, acute pan-
creatitis, liver diseases, certain rheumatic diseases, and
ARDS (Table 1). Moreover, the NLR was found to be as-
sociated with the hospital fatality in critically ill patients
[14, 45-51].

A study conducted in 2011, showed that in End-stage Renal
Disease (ESRD) patients, the levels of NLR and TNF-o were
positively correlated. A patient with high levels of NLR had
high levels of TNF-a [48]. So, NLR can help the prediction
of the inflammation in these patients. Another study investi-
gated the clinical and predictable roles of NLR in patients
with gastric cancer. They concluded that elevated NLRs are
usually associated with low survival and poor prognosis in
patients with malignant tumors such as gastric cancer [14].
Based on a report, NLR can help the prediction of disease-
specific outcomes in any cancer population. In this report,
for every unit increase in NLR, the risk of cancer-associated
death will increase by about 10% [52].

Many studies demonstrate a relationship between NLR and
acute inflammatory diseases, such as ARDS (Table 1) [38,
43, 46, 51, 53-58]. Li et al. demonstrated the association of
the high NLR with the poor outcome in critically ill patients
with ARDS [46]. Besides, another study reported that the
NLR in non-survivors was significantly higher than the survi-
vors, and an NLR more than 14, was associated with shorter
overall survival [S1].

Previous studies demonstrate the cooperative relationship
between NLR and viral infections in order to determine the
severity of the infection (Table 1). Zhang et al. performed a
retrospective study to assess the NLR in ATV-H7N9 infected
patients. They conducted this study to determine the correla-
tion of the differential leukocyte count with the virulence of
AIV. They showed that the NLR in the fatal group was sig-
nificantly higher than those of the survival group.

Besides, they mentioned that NLR was independently asso-
ciated with fatality [58]. In a study conducted in 2019, mul-
tiple inflammatory parameters such as neutrophils, lympho-
cytes, platelets, and blood cell count indexes, particularly the
NLR, were analyzed retrospectively in influenza-suspected
patients. In comparison with the control group, the influenza
virus-infected group had significantly higher NLR. Also, they
introduced the NLR as a more sensitive inflammatory marker
than other common parameters [56].

Some studies were done to investigate the prognostic po-
tential of NLR in predicting the severity of patients with
COVID-19. Recently it was reported that the severe cases of
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COVID-19 tended to have higher NLRs (Table 1) [38, 43,
53-55, 57]. According to a study performed in 2020, the se-
verity rate in patients with elevated NLR was higher, but the
recovery rate was lower than the cases with lower NLRs. In
patients with high NLR, the levels of inflammatory cytokines
such as IL-6 and IL-2 increased but the number of CD4+ T
cells decreased [43].

Another report done in 2020 divided the COVID-19 pa-
tients into 2 groups based on their age: one group of the pa-
tients under 50 years, and another group of patients with 50 or
over 50 years. According to their results, NLR is a very specif-
ic and sensitive marker in predicting the severity of patients
with COVID-19, especially in patients over 50 years [57].

Liu et al. analyzed the data of 115 patients with COVID-19
pneumonia and screened the independent risk factors affect-
ing the incidence of critical illness. It was found that NLR
was the most important prognostic factor for the disease
prognosis, followed by age. Furthermore, according to the
NLR and age stratification, the incidence of critically-ill and
>50 years patients with NLR >3.13 was 50%, and with NLR
<3.13, it was 9.1% [55]. Qin C et al. reported that in com-
parison with mild cases of COVID-19, the severe cases had
a higher neutrophil count, so the NLR tended to be higher in
them [59]. In a cohort study on 245 COVID-19 patients, it
was observed that the risk of mortality during hospitalization
in cases with elevated NLR was higher. This correlation was
more significant in male patients than in female cases [54].

Nalbant et al. performed a cohort study on 54 COV-
ID-19 positive and 26 COVID-19 negative individuals.
In COVID-19 positive patients, the NLR was significantly
higher. They found that when NLR was more than 2.4, the
probability of COVID-19 was 20-fold greater [38]. Another
report included 210 COVID-19 patients, and among them, 87
cases were diagnosed as severe cases. The severe group had
higher NLRs than the mild group.

The highest tertile of NLR showed a 5.9-fold elevated
incidence of severity relative to that of the lowest tertile
[53]. In a study performed in 2020, the clinical data of
230 patients diagnosed with non-mild COVID-19 were
analyzed. The researchers found some factors associated
with the severity of the disease, such as NLR, underlying
disease (cardiovascular disease), male sex, and pulse. They
found a positive correlation between NLR and the levels of
cytokines (IL-6, IL-10) and a negative correlation between
NLR and the proportion of CD3+and CD8+ T lymphocyte
subsets. Also, there is a positive correlation between NLR
and the severity of the disease and a higher NLR can pro-
long the course of the disease [60].
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Conclusions

Based on different studies about NLR and the innate im-
mune responses and inflammation, this ratio can be helpful
in the discrimination of severe from non-severe patients with
COVID-19 (Figure 1).
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