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Abstract

Background: The factors responsible for the progression of COVID-19 from a mild illness to a severe and often lethal condition,
characterized by respiratory failure and multiple organ involvement, remain unclear. The identification of biomarkers capable
of predicting disease progression is of the highest importance.

Objectives: This study sought to assess laboratory measurements of interferon-gamma inducible protein-10 (IP-10),
macrophage inflammatory protein 1-alpha (MIP1a), interleukin-6 (IL-6), and interleukin-1 beta (IL-1B) to achieve this objective.
Methods: We measured IP-10 and MIP1a by qRT-PCR and IL-6 and IL-1B using an enzyme-linked immunosorbent assay in 120
serum samples. We analyzed differences between patients with moderate, severe, and recovered COVID-19.

Results: The number of positive cases for biomarkers IP-10, MIP1q, IL-6, and IL-1B were significantly different between groups.
The expression levels of IP-10 and MIP1a were significantly higher in patients with severe COVID-19 compared to those who had
recovered. A strong positive association was observed between IP-10 and MIP1a in severe infection cases. Additionally, these
biomarkers were relatively independent predictors of disease severity.

Conclusions: The results suggest that IP-10, MIP1q, IL-6, and IL-1p are promising research candidates for understanding the
severity of COVID-19 and for investigating possible pathophysiological mechanisms of the disease.
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1. Background

The highly pathogenic severe acute respiratory
syndrome-related coronavirus (SARS-CoV-2), which
originated in China in December 2019, poses a
significant  global public health threat (1).
Approximately 20% of infected individuals exhibit
varying degrees of illness, necessitating hospitalization,
with 5% requiring ventilatory support in an intensive
care unit (2). The most severe manifestations of the
disease are linked to systemic inflammation (3). The
underlying mechanisms of COVID-19 are still being
investigated, and further research is required to
understand the factors and biomarkers contributing to
the diverse progression of the disease (4). It has been
observed that patients with severe illness exhibit an

acute inflammatory response characterized by elevated
levels of certain inflammatory markers such as C-
reactive protein (CRP), ferritin, D-dimer, and the
neutrophil-to-lymphocyte ratio. Additionally,
heightened levels of specific inflammatory cytokines
and chemokines have been noted in severely affected
patients (5-8).

To comprehensively understand the pathogenesis of
COVID-19, it is crucial to delineate the roles of cytokines
and chemokines across the spectrum of disease severity
in various populations, age groups, and individuals with
and without comorbidities. Identifying prognostic
biomarkers will enable the prioritization of hospital
resources and personalized treatment approaches.
Consequently, there is considerable interest in
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elucidating how severe acute respiratory syndrome
disrupts normal antiviral immune responses and the
associated  biomarkers. IP-10 (interferon-gamma
inducible protein-10) is secreted by some cells such as
monocytes in response to interferon-gamma and has
anti-tumor activity. Macrophage inflammatory protein 1-
alpha (MIPia) is one of the most important factors
produced by macrophages and monocytes and is very
important in immune responses against infection and
inflammation. Interleukin-6 (IL-6) is one of the
important interleukins of the body, secreted from white
blood cells, and plays a role in inflammatory and
immune responses. Interleukin-1 beta and interleukin-1
alpha are cytokines involved in the regulation of
immune responses and inflammatory reactions (9, 10).

2. Objectives

Our study aims to identify circulating concentrations
of interferon-gamma inducible protein-10 (IP-10),
macrophage inflammatory protein 1-alpha (MIPia),
interleukin-6 (IL-6), and interleukin-1 beta (IL-1B) as
chemokines and cytokines in severe COVID-19 cases
compared to mild cases and individuals who have
recovered from the disease.

3. Methods

3.1. Human Samples

Participants for this study were recruited from Masih
Daneshvari Hospital and included individuals
diagnosed with severe COVID-19, individuals diagnosed
with mild COVID-19, and individuals who had previously
recovered from COVID-19 (Table 1). This study was
conducted before the availability of COVID-19
vaccinations. Each group comprised 40 patients.
Confirmation of SARS-CoV-2 infection in all enrolled
patients was established through viral PCR analysis of
nasal and pharyngeal swab specimens obtained during
the acute phase of the infection, following the
guidelines set by the World Health Organization.

Table 1. Symptoms of Patients Based on the Severity of the Disease

Disease Specificati

Severity pecifications

Mild Mild clinical sign (fever above 38°C, with or without cough, no
dyspnea) no visible sign of pneumonia

Medium Fever; Respiratory symptoms, the visible sign of pneumonia
Respiratory distress, respiratory rate (RR) more than 30 times per
minute

Severe pulse oximetry oxygen saturation level (SPO,) less than 93% at rest
The arterial partial pressure of O, and the fraction of inspired
oxygen (Pa0,[FiO,) ratio less than 300 mmHg

2

3.2. qRT-PCR

Plasma samples were utilized to extract RNAs of MIP1-
a and IP-10, employing the RNeasy Midi Kit (Qiagen, Cat
No. 75144) following the manufacturer's instructions.
Subsequently, cDNA synthesis was performed on the
extracted RNAs using the Viva 2-step RT-PCR Kit (Cat No.
RTPL12). To quantify the expression of MIP1-a and IP-10,
real-time PCR was conducted using the CinnaGreen
gPCR Mix, 2X (Cat No. MM2041), with RNAIS8S serving as
the endogenous control for normalization, as per the
manufacturer's guidelines. Gene expression profiles
were normalized to RNA18S and calculated using the

AACt (2722 method. The primer sequences employed
for the expression study can be found in Table 2.

3.3. Enzyme-linked Immunosorbent Assay

As part of routine venipuncture, peripheral blood
samples were collected from each participant within six
days of hospital admission. Through centrifugation at
1000xg for 15 minutes at 4°C, serum samples were
isolated and promptly stored at -80°C until further
analysis. The levels of soluble IL-6 and IL-1B were
assessed using enzyme-linked immunosorbent assay
(ELISA), following the instructions provided by the
respective manufacturers. The optical density (OD)
readings of IL-6 and IL-1f were measured
spectrophotometrically using a plate reader at
wavelengths of 450 nm and 620 nm, respectively. The
levels of IL-6 and IL-1B were determined by referencing a
standard curve.

3.4. Statistical Analysis

SPSS 24 software was used for statistical analysis.
Differences between groups were analyzed by one-way
ANOVA test with Tukey's HSD post-hoc. The correlation
between variables was analyzed with the Spearman
Rank. The area wunder the receiver operating
characteristics (ROC) curve (AUC) was estimated for
patients. The optimal cut-off value was determined by
Youden’s index. All data are presented as mean * SD,
with P values less than 0.05 considered significant.

4. Results

The study encompassed a total of 120 individuals
diagnosed with COVID-19. These participants were
categorized into three distinct groups based on the
severity of their condition: Severe, mild, and recovered
COVID-19. Importantly, no significant variations in age
were observed among the different groups. The mean
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Table 2. The Specifications of Primers used in Real-time RT-PCR Reaction. The Number of Each Gene, Sequence, Size and Annealing Temperature is Specified Separately

Parameters IP-10 MIP1-a 18S rRNA

Forward primer GGTGAGAAGAGATGTCTGAATCC TGCATCACTTGCTGCTGACACG GTAACCCGTTGAACCCCATT
Length 23 22 20

Reverse primer GTCCATCCTTGGAAGCACTGCA CAACCAGTCCATAGAAGAGG CCATCCAATCGGTAGTAGCG
Length 22 20 20

Length of amplified fragment 134 333 152

Annealing temperature 59 60 56

ages (SD) of patients with severe, mild, and recovered
COVID-19 were 55.62 (8.22), 54.48 (7.94), and 55.32 (8.88)
years, respectively. Statistical analysis revealed no
significant difference in age between the groups (P =
0.41).

The biomarkers MIP1-q, IP-10, IL-6, and IL-1f exhibited
positive results in varying percentages across the
different infection groups. In the severe infection group,
MIP1-a, IP-10, IL-6, and IL-1B were positive in 72.5%, 80%,
95%, and 92.5% of cases, respectively. Within the mild
infection group, these biomarkers yielded positive
results in 55%, 65%, 72.5%, and 82.5% of cases, respectively.
For the recovered group, the percentages of positive
results for MIP1-q, [P-10, IL-6, and IL-1 were 20%, 22%, 35%,
and 20%, respectively, as depicted in Figure 1. Statistical
analysis utilizing the two-sample binomial test was
conducted to compare the positive rates of these
biomarkers between the severe infection, mild
infection, and recovered groups. The results revealed a
statistically significant difference among the three
groups under investigation (P < 0.001).

The expression level of MIPl-a was significantly
higher in individuals with severe infection compared to
healthy individuals, showing a 3.24-fold increase.
Similarly, in individuals with mild infection, MIP1-a
exhibited a 2.46-fold increase compared to healthy
individuals. Furthermore, the expression level of IP-10
was 3.03 times higher in individuals with severe
infection compared to healthy individuals. Likewise, in
individuals with mild infection, the expression level of
IP-10 was 2.14 times higher than in healthy individuals
(Figure 2). These results indicate substantial differences
in the expression levels of MIPl-a and IP-10 between
different infection groups, suggesting their potential as
valuable biomarkers for assessing infection severity.

We then calculated the correlation to determine if
there is any link between cytokines and chemokines.
Interestingly, we found a strong positive linear
association between MIP1-a and IP-10 in patients with
severe infection (r = 0.86, P < 0.05). Notably, no
correlations were observed between PD-1 and MCP-1 in
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mild and recovered COVID-19-infected patients. The
diagnostic value of cytokines and chemokines for illness
severity was assessed using the receiver operating
characteristic (ROC) curve and the area under the ROC
curve (AUC) (Figure 3). The AUC values of ROC for MIP1-a,
IP-10, IL-6, and IL-1 were 0.79, 0.71, 0.93, and 0.89,
respectively. These results indicate that these cytokines
could predict the disease severity of COVID-19 infections
(Figure 3). Our data suggest that these cytokines and
chemokines may serve as biomarkers for disease
severity in COVID-19-infected patients.

5. Discussion

The severity of COVID-19 has been linked to increased
inflammation caused by a significant release of
proinflammatory elements (9, 11). The rise in
inflammation indicators is the key factor underlying the
systemic vasculitic processes and abnormalities in
coagulation processes that result in most parenchymal
lesions in vital organs (12). We have identified that
elevated levels of MIP1-a, IP-10, IL-6, and IL-1f during
SARS-CoV-2 acute infection are associated with severe
COVID-19. Cytokine levels can exhibit significant
variations throughout the course of COVID-19,
depending on factors such as the disease phase, the use
of immunomodulatory medications, or the inherent
characteristics of patients (13). Elevated levels of IL-6
have consistently been associated with severe cases of
COVID-19 (14-16), playing a crucial role in the cytokine
storm triggered by SARS-CoV-2 infection, which
contributes to organ failure and severe lung damage (17-
19).

In line with these findings, our study discovered a
potential link between IL-6 and the severity of COVID-19.
According to Ponti et al., 2020, there was a notable
increase in IL-6 levels among non-survivors compared to
survivors, as well as among individuals with severe
disease compared to those with non-severe disease (12).
Notably, IL-6 serves important biological functions,
including the promotion of B cell differentiation into
IgM and IgG and the stimulation of Th17 cell
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Figure 1. Percentage of positive cases for MIP1-a, IP-10, IL-6 and IL-1f severe infection, mild infection, and recovered groups
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Figure 2. Expression levels of MIP1-a and IP-10 in severe, mild, and recovered COVID-19-infected patients were measured by RT-qPCR

development and function (20). Multiple studies
provide compelling evidence that IL-6 levels can serve as
a valuable predictive factor for assessing the risk of
severe disease and mortality (21, 22). Furthermore, large
observational studies have demonstrated the beneficial
effects of IL-6 inhibitors (23-25).

IL-1B, a potent proinflammatory cytokine essential
for host defense responses against infections, can also
exacerbate damage in chronic diseases and acute tissue
injuries. Numerous studies have established a
correlation between IL-1f and COVID-19, with some
suggesting that blocking its release could potentially
improve patients' condition (26). Consistent with these
findings, our study also identified a link between IL-1
and the severity of COVID-19. Interestingly, the elevated
levels of IL-1B observed at month 1 in COVID-19 patients
may not necessarily be attributed solely to increased
reactive oxygen species (ROS) levels (27). Viral antigens
could initiate the inflammasome pathway, contributing

to the sustained production of IL-1f (28). In vitro
experiments conducted by Bertoni et al. demonstrated
the activation of the NLRP3 inflammasome by the SARS-
CoV-2 protein ORF3a (29). Furthermore, it has been
shown that the SARS-CoV-2 nucleocapsid protein (N) can
directly interact with NLRP3, promoting inflammasome
assembly and activation, resulting in the production of
various inflammatory molecules in mice (30).

Overall, these findings highlight the significance of
IL-1B in the context of COVID-19 and shed light on
potential mechanisms underlying its involvement in
disease progression. Chemokines play a pivotal role in
regulating leukocyte trafficking by stimulating adaptive
immunity, recruiting and activating lymphocytes at the
site of infection, and modulating the T-helper type-1
(Th1) or Th2 response (31). In our study, we observed
significantly higher levels of MIP-1a in patients with
severe COVID-19 compared to those with mild symptoms
and healthy individuals. MIP-1a has been extensively
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Figure 3. ROC curves of MIP1-q, IP-10, IL-6 and IL-1B in serum of COVID-19 patients

studied for its significant immuno-adjuvant activity,
acting as a chemoattractant for inflammatory cells such
as immature DCs, macrophages, and monocytes (32).
Moreover, MIP-1a stimulation enhances the production
of IFN-y, which is crucial for acquiring Thi immunity.
Animal models have demonstrated the vital role of MIP-
la in mediating virus-induced inflammation, as
established several decades ago (33, 34).

Notably, MIP-1a, along with MIP-3B3, holds great
importance in modulating the efficacy and polarization
of antigen-specific immunity (35). Additionally, studies
have shown that IL-1B can enhance the production of
MIP-1a through the activation of NF-xB (27). These
findings collectively underscore the significance of MIP-
la in COVID-19 and its association with immune
responses and inflammation mediated by other
cytokines. Furthermore, our study revealed a significant
association between serum levels of IP-10 and disease
severity, suggesting its potential as a biomarker for
predicting disease progression (5, 36, 37). These findings
align with previous studies that have reported a marked
elevation of IP-10 in both the blood and lung tissue of
SARS patients (38). IP-10 plays a crucial role as a mediator
of monocyte/macrophage-induced T cell activation and
has been implicated in the pathogenesis of COVID-19 (39-
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41). IP-10 has been found to have pro-inflammatory and
anti-angiogenic properties. It has been suggested as a
potential connector between inflammation and
angiogenesis in COVID-19 patients (42, 43). Interestingly,
a corresponding increase in both IP-10 and MIP-1a was
observed in patients who were transferred to the
intensive care unit (ICU) during hospitalization,
indicating a worsening clinical condition (44).

While plasma inflammatory cytokines exhibit high
heterogeneity and serve a wide range of biological
functions, they hold significant value as biomarkers for
the diagnosis, management, and prognosis of various
inflammatory diseases (45). It is important to
acknowledge that different studies exploring cytokine
assessment as predictors of severity have yielded
varying results. These differences could be attributed to
factors such as the use of different quantification
methods, kits, relatively small sample sizes in some
studies, and variations in the populations under
investigation. Therefore, further studies are warranted
to validate these biomarkers. In conclusion, our study
aimed to compare the cytokine/chemokine profiles of
severe and mild COVID-19 patients with those of healthy
individuals. The results revealed that MIP1-q, IP-10, IL-6,
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and IL-1B exhibited significant predictive potential for
the disease and its severity.

5.1. Conclusions

These findings provide valuable insights into the
underlying mechanisms of COVID-19 progression and
offer potential avenues for novel therapeutic
approaches to address the cytokine storm observed in
COVID-19. These approaches could involve globally
targeting inflammation or neutralizing specific key
inflammatory mediators. It is suggested to conduct
studies with other markers and with larger sample sizes
to obtain more comprehensive results in the future.

Footnotes

Authors' Contribution: Author Contributions: Study
concept and design: S. P, A. M., and N. B.; analysis and
interpretation of data: A. M., N. B,, and R. R,; drafting of
the manuscript: S. P, A. M., N. B, and R. R,; critical
revision of the manuscript for important intellectual
content: S. P, A. M,, N. B,, and R. R,; statistical analysis: A.
M., and N.B.

Conflict of Interests Statement: The authors declare
that the research was conducted in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest.

Data Availability: The dataset presented in the study is
available on request from the corresponding author
during submission or after its publication.

Ethical Approval: This study is approved under the
ethical approval code of IR.SBMU.NRITLD.REC.1401.086 .

Funding/Support: This study was not supported by any
funding.

Informed Consent: All of the patients signed informed
consent according to the medical ethics committee.

References

1. Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019
(COVID-19): The epidemic and the challenges. Int | Antimicrob Agents.
2020;55(3):1105924. [PubMed ID: 32081636]. [PubMed Central ID:
PMC7127800]. https://doi.org/10.1016/j.ijantimicag.2020.105924.

2. Wu Z, McGoogan JM. Characteristics of and important lessons from
the coronavirus disease 2019 (COVID-19) outbreak in China:
Summary of a report of 72314 cases from the Chinese center for
disease control and prevention. JAMA. 2020;323(13):1239-42. [PubMed
ID: 32091533]. https://doi.org/10.1001/jama.2020.2648.

3. Olejnik J, Hume AJ, Muhlberger E. Toll-like receptor 4 in acute viral
infection: Too much of a good thing. PLoS Pathog. 2018;14(12).

12.

13.

14.

15.

16.

€1007390. [PubMed ID: 30571771]. [PubMed Central ID: PMC6301565].
https://doi.org/10.1371/journal.ppat.1007390.

Coperchini F, Chiovato L, Croce L, Magri F, Rotondi M. The cytokine
storm in COVID-19: An overview of the involvement of the
chemokine/chemokine-receptor system. Cytokine Growth Factor Rev.
2020;53:25-32. [PubMed ID: 32446778]. [PubMed Central ID:
PMC7211650]. https://doi.org/10.1016/j.cytogfr.2020.05.003.

Laing AG, Lorenc A, del Molino del Barrio I, Das A, Fish M, Monin L, et
al. A dynamic COVID-19 immune signature includes associations
with poor prognosis. Nature Medicine. 2020;26(10):1623-35.
https://doi.org/10.1038/541591-020-1038-6.

Remy KE, Mazer M, Striker DA, Ellebedy AH, Walton AH, Unsinger J, et
al. Severe immunosuppression and not a cytokine storm
characterizes COVID-19 infections. JCI Insight. 2020;5(17). [PubMed ID:
32687484]. [PubMed Central ID: PMC7526441].
https://doi.org[10.1172[jci.insight.140329.

Galani IE, Rovina N, Lampropoulou V, Triantafyllia V, Manioudaki M,
Pavlos E, et al. Untuned antiviral immunity in COVID-19 revealed by
temporal type I/l interferon patterns and flu comparison. Nat
Immunol. 2021;22(1):32-40. [PubMed ID: 33277638].
https://doi.org[10.1038/s41590-020-00840-X.

Mahmoudi S, Rezaei M, Mansouri N, Marjani M, Mansouri D.
Immunologic features in coronavirus disease 2019: Functional
exhaustion of T cells and cytokine storm. ] Clin Immunol.
2020;40(7):974-6. [PubMed ID: 32648027|. [PubMed Central ID:
PMC7347401]. https:|/doi.org/10.1007/s10875-020-00824-4.

Ye Q, Wang B, Mao |]. The pathogenesis and treatment of the
;Cytokine Storm' in COVID-19. ] Infect. 2020;80(6):607-13. [PubMed ID:
32283152]. [PubMed Central ID: PMC7194613].
https:|/doi.org[10.1016/j.jinf.2020.03.037.

Neumann |, Prezzemolo T, Vanderbeke L, Roca CP, Gerbaux M,
Janssens S, et al. Increased IL-10-producing regulatory T cells are
characteristic of severe cases of COVID-19. Clin Transl Immunology.
2020;9(11). e1204. [PubMed ID: 33209300]. [PubMed Central ID:
PMC7662088]. https:[/doi.org/10.1002/cti2.1204.

Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation of
immune response in patients with coronavirus 2019 (COVID-19) in
Wuhan, China. Clin Infect Dis. 2020;71(15):762-8. [PubMed ID:
32161940]. [PubMed Central ID: PMC7108125].
https://doi.org[10.1093/cid/ciaa248.

Ponti G, Maccaferri M, Ruini C, Tomasi A, Ozben T. Biomarkers
associated with COVID-19 disease progression. Crit Rev Clin Lab Sci.
2020;57(6):389-99. [PubMed ID: 32503382]. [PubMed Central ID:
PMC7284147). https://doi.org/10.1080/10408363.2020.1770685.

Lucas C, Wong P, Klein ], Castro TBR, Silva |, Sundaram M, et al.
Longitudinal analyses reveal immunological misfiring in severe
COVID-19. Nature. 2020;584(7821):463-9. [PubMed ID: 32717743].
[PubMed Central ID: PMC7477538]. https://doi.org/10.1038/s41586-020-
2588-y.

Santa Cruz A, Mendes-Frias A, Oliveira Al, Dias L, Matos AR, Carvalho
A, et al. Interleukin-6 is a biomarker for the development of fatal
severe acute respiratory syndrome coronavirus 2 pneumonia. Front
Immunol. 2021;12:613422. [PubMed ID: 33679753]. [PubMed Central ID:
PMC7930905]. https://doi.org/10.3389/fimmu.2021.613422.

Del Valle DM, Kim-Schulze S, Huang HH, Beckmann ND, Nirenberg S,
Wang B, et al. An inflammatory cytokine signature predicts COVID-19
severity and survival. Nat Med. 2020;26(10):1636-43. [PubMed ID:
32839624]. [PubMed Central ID: PMC7869028].
https://doi.org/10.1038/s41591-020-1051-9.

Codina H, Vieitez I, Gutierrez-Valencia A, Skouridou V, Martinez C,
Patino L, et al. Elevated anti-SARS-CoV-2 antibodies and IL-6, IL-8, MIP-
1beta, early predictors of severe COVID-19. Microorganisms. 2021;9(11).
[PubMed ID: 34835384]. [PubMed Central ID: PMC8624589].
https://doi.org[10.3390/microorganisms9112259.

Jundishapur | Microbiol. 2024;17(5): e144812.


https://ethics.research.ac.ir/EthicsProposalView.php?id=287947
http://www.ncbi.nlm.nih.gov/pubmed/32081636
https://www.ncbi.nlm.nih.gov/pmc/PMC7127800
https://doi.org/10.1016/j.ijantimicag.2020.105924
http://www.ncbi.nlm.nih.gov/pubmed/32091533
https://doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/30571771
https://www.ncbi.nlm.nih.gov/pmc/PMC6301565
https://doi.org/10.1371/journal.ppat.1007390
http://www.ncbi.nlm.nih.gov/pubmed/30571771
https://www.ncbi.nlm.nih.gov/pmc/PMC6301565
https://doi.org/10.1371/journal.ppat.1007390
http://www.ncbi.nlm.nih.gov/pubmed/32446778
https://www.ncbi.nlm.nih.gov/pmc/PMC7211650
https://doi.org/10.1016/j.cytogfr.2020.05.003
https://doi.org/10.1038/s41591-020-1038-6
http://www.ncbi.nlm.nih.gov/pubmed/32687484
https://www.ncbi.nlm.nih.gov/pmc/PMC7526441
https://doi.org/10.1172/jci.insight.140329
http://www.ncbi.nlm.nih.gov/pubmed/33277638
https://doi.org/10.1038/s41590-020-00840-x
http://www.ncbi.nlm.nih.gov/pubmed/32648027
https://www.ncbi.nlm.nih.gov/pmc/PMC7347401
https://doi.org/10.1007/s10875-020-00824-4
http://www.ncbi.nlm.nih.gov/pubmed/32283152
https://www.ncbi.nlm.nih.gov/pmc/PMC7194613
https://doi.org/10.1016/j.jinf.2020.03.037
http://www.ncbi.nlm.nih.gov/pubmed/33209300
https://www.ncbi.nlm.nih.gov/pmc/PMC7662088
https://doi.org/10.1002/cti2.1204
http://www.ncbi.nlm.nih.gov/pubmed/32161940
https://www.ncbi.nlm.nih.gov/pmc/PMC7108125
https://doi.org/10.1093/cid/ciaa248
http://www.ncbi.nlm.nih.gov/pubmed/32503382
https://www.ncbi.nlm.nih.gov/pmc/PMC7284147
https://doi.org/10.1080/10408363.2020.1770685
http://www.ncbi.nlm.nih.gov/pubmed/32717743
https://www.ncbi.nlm.nih.gov/pmc/PMC7477538
https://doi.org/10.1038/s41586-020-2588-y
https://doi.org/10.1038/s41586-020-2588-y
http://www.ncbi.nlm.nih.gov/pubmed/33679753
https://www.ncbi.nlm.nih.gov/pmc/PMC7930905
https://doi.org/10.3389/fimmu.2021.613422
http://www.ncbi.nlm.nih.gov/pubmed/32839624
https://www.ncbi.nlm.nih.gov/pmc/PMC7869028
https://doi.org/10.1038/s41591-020-1051-9
http://www.ncbi.nlm.nih.gov/pubmed/34835384
https://www.ncbi.nlm.nih.gov/pmc/PMC8624589
https://doi.org/10.3390/microorganisms9112259

Paikar S et al.

17.

18.

19.

20.

21

22,

23.

24.

25.

26.

27.

28.

29.

Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China.
Lancet. 2020;395(10223):497-506. [PubMed ID: 31986264]. [PubMed
Central ID: PMC7159299]. https://doi.org[10.1016/S0140-6736(20)30183-
5.

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical and
immunological features of severe and moderate coronavirus disease
2019. J Clin Invest. 2020;130(5):2620-9. [PubMed ID: 32217835].
[PubMed Central ID: PMC7190990]. https://doi.org/10.1172/]Cl137244.

Blanco-Melo D, Nilsson-Payant BE, Liu WC, Uhl S, Hoagland D, Moller
R, et al. Imbalanced host response to SARS-CoV-2 drives development
of COVID-19. Cell. 2020;181(5):1036-1045 €9. [PubMed ID: 32416070).
[PubMed Central ID: PMC7227586).
https://doi.org[10.1016/j.cell.2020.04.026.

Zhang C, Wu Z, Li W, Zhao H, Wang GQ. Cytokine release syndrome in
severe COVID-19: interleukin-6 receptor antagonist tocilizumab may
be the key to reduce mortality. Int ]| Antimicrob Agents.
2020;55(5):105954. [PubMed ID: 32234467]. [PubMed Central ID:
PMC7118634]. https:|/doi.org/10.1016/j.ijantimicag.2020.105954.

Herold T, Jurinovic V, Arnreich C, Lipworth BJ, Hellmuth ]C, von
Bergwelt-Baildon M, et al. Elevated levels of IL-6 and CRP predict the
need for mechanical ventilation in COVID-19. J Allergy Clin Immunol.
2020;146(1):128-136 e4. [PubMed ID: 32425269]. [PubMed Central ID:
PMC7233239]. https://doi.org/10.1016/j.jaci.2020.05.008.

Laguna-Goya R, Utrero-Rico A, Talayero P, Lasa-Lazaro M, Ramirez-
Fernandez A, Naranjo L, et al. IL-6-based mortality risk model for
hospitalized patients with COVID-19. | Allergy Clin Immunol.
2020;146(4):799-807000000000. [PubMed ID: 32710975]. [PubMed
Central ID: PMC7375283). https://doi.org/10.1016/j.jaci.2020.07.009.

Guaraldi G, Meschiari M, Cozzi-Lepri A, Milic |, Tonelli R, Menozzi M,
et al. Tocilizumab in patients with severe COVID-19: a retrospective
cohort study. Lancet Rheumatol. 2020;2(8):e474-84. [PubMed ID:
32835257). [PubMed Central ID: PMC7314456].
https://doi.org[10.1016/S2665-9913(20)30173-9.

Somers EC, Eschenauer GA, Troost JP, Golob JL, Gandhi TN, Wang L, et
al. Tocilizumab for treatment of mechanically ventilated patients
with COVID-19. Clin Infect Dis. 2021;73(2):e445-54. [PubMed ID:
32651997]. [PubMed Central ID: PMC7454462).
https://doi.org[10.1093/cid/ciaa954.

Price CC, Altice FL, Shyr Y, Koff A, Pischel L, Goshua G, et al.
Tocilizumab treatment for cytokine release syndrome in
hospitalized patients with coronavirus disease 2019: Survival and
clinical outcomes. Chest. 2020;158(4):1397-408. [PubMed ID:
32553536]. [PubMed Central ID: PMC7831876].
https://doi.org/10.1016/j.chest.2020.06.006.

Kyriazopoulou E, Huet T, Cavalli G, Gori A, Kyprianou M, Pickkers P, et
al. Effect of anakinra on mortality in patients with COVID-19: a
systematic review and patient-level meta-analysis. | The Lancet
Rheumatology. 2021;3(10):e690-7.

Alonso-Dominguez ], Gallego-Rodriguez M, Martinez-Barros I,
Calderon-Cruz B, Leiro-Fernandez V, Perez-Gonzalez A, et al. High
levels of IL-1B, TNF-a and MIP-1a one month after the onset of the
acute SARS-CoV-2 infection, predictors of post COVID-19 in
hospitalized patients. Microorganisms. 2023;11(10). [PubMed ID:
37894054]. [PubMed Central ID: PMC10609568].
https://doi.org[10.3390/microorganisms11102396.

Patterson BK, Francisco EB, Yogendra R, Long E, Pise A, Rodrigues H, et
al. Persistence of SARS CoV-2 S1 protein in CD16+ monocytes in post-
acute sequelae of COVID-19 (PASC) up to 15 months post-infection.
Front Immunol. 2021;12:746021. [PubMed ID: 35082777|. [PubMed
Central ID: PMC8784688]. https://doi.org[10.3389/fimmu.2021.746021.

Bertoni A, Penco F, Mollica H, Bocca P, Prigione I, Corcione A, et al.
Spontaneous NLRP3 inflammasome-driven IL-1-beta secretion is
induced in severe COVID-19 patients and responds to anakinra

Jundishapur | Microbiol. 2024;17(5): e144812.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

treatment. | Allergy Clin Immunol. 2022;150(4):796-805. [PubMed ID:
35835255]. [PubMed Central ID: PMC9272569].
https://doi.org[10.1016/j.jaci.2022.05.029.

Pan P, Shen M, Yu Z, Ge W, Chen K, Tian M, et al. SARS-CoV-2 N protein
promotes  NLRP3  inflammasome activation to induce
hyperinflammation. Nat Commun. 2021;12(1):4664. [PubMed ID:
34341353]. [PubMed Central ID: PM(C8329225].
https://doi.org/10.1038/s41467-021-25015-6.

Kenway-Lynch CS, Das A, Lackner AA, Pahar B. Cytokine/Chemokine
responses in activated CD4+ and CD8+ T cells isolated from
peripheral blood, bone marrow, and axillary lymph nodes during
acute simian immunodeficiency virus infection. ] Virol.
2014;88(16):9442-57. [PubMed ID: 24920807]. [PubMed Central ID:
PMC4136258]. https://doi.org/10.1128/]VI.00774-14.

Song R, Liu S, Leong KW. Effects of MIP-1a, MIP-3a, and MIP-3f3 on the
induction of HIV Gag-specific immune response with DNA vaccines. |
Molecular Therapy. 2007;15(5):1007-15.

Schrum S, Probst P, Fleischer B, Zipfel PE. Synthesis of the CC-
chemokines MIP-1alpha, MIP-1beta, and RANTES is associated with a
type 1 immune response. | Immunol. 1996;157(8):3598-604. [PubMed
ID: 8871660)].

Cook DN, Beck MA, Coffman TM, Kirby SL, Sheridan JF, Pragnell IB, et
al. Requirement of MIP-1 alpha for an inflammatory response to viral
infection. Science. 1995;269(5230):1583-5. [PubMed ID: 7667639].
https://doi.org[10.1126/science.7667639.

Consiglio CR, Cotugno N, Sardh F, Pou C, Amodio D, Rodriguez L, et
al. The immunology of multisystem inflammatory syndrome in
children with COVID-19. Cell. 2020;183(4):968-981 e7. [PubMed ID:
32966765]. [PubMed Central ID: PMC7474869].
https://doi.org/10.1016/j.cell.2020.09.016.

Jayawardena R, Jeyakumar DT, Misra A, Hills AP, Ranasinghe P.
Obesity: A potential risk factor for infection and mortality in the
current COVID-19 epidemic. Diabetes Metab Syndr. 2020;14(6):2199-
203. [PubMed ID: 33395781]. [PubMed Central ID: PMC7656158].
https://doi.org[10.1016/j.dsx.2020.11.001.

Haroun RA, Osman WH, Eessa AM. Interferon-gamma-induced
protein 10 (IP-10) and serum amyloid A (SAA) are excellent
biomarkers for the prediction of COVID-19 progression and severity.
Life Sci. 2021;269:119019. [PubMed ID: 33454365]. [PubMed Central ID:
PMC7832132]. https://doi.org/10.1016j.1fs.2021.119019.

Jiang Y, Xu ], Zhou C, Wu Z, Zhong §, Liu |, et al. Characterization of
cytokine/chemokine profiles of severe acute respiratory syndrome.
Am | Respir Crit Care Med. 2005;171(8):850-7. [PubMed ID: 15657466].
https://doi.org/10.1164/rccm.200407-8570C.

Yang Y, Shen C, Li ], Yuan ], Wei ], Huang F, et al. Plasma IP-10 and MCP-
3 levels are highly associated with disease severity and predict the
progression of COVID-19. ] Allergy Clin Immunol. 2020;146(1):119-127 e4.
[PubMed ID: 32360286]. [PubMed Central ID: PMC7189843].
https://doi.org/10.1016/j.jaci.2020.04.027.

Zheng HY, Zhang M, Yang CX, Zhang N, Wang XC, Yang XP, et al.
Elevated exhaustion levels 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. [PubMed ID: 32203186].
[PubMed Central ID: PMC7091621]. https://doi.org[10.1038/s41423-020-
0401-3.

Liu |, Li S, Liu |, Liang B, Wang X, Wang H, et al. Longitudinal
characteristics of lymphocyte responses and cytokine profiles in the
peripheral blood of SARS-CoV-2 infected patients. EBioMedicine.
2020;55:102763. [PubMed ID: 32361250]. [PubMed Central ID:
PMC7165294]. https:[/doi.org[10.1016[j.ebiom.2020.102763.

Gotsch F, Romero R, Friel L, Kusanovic JP, Espinoza |, Erez O, et al.
CXCL10[IP-10: a missing link between inflammation and anti-
angiogenesis in preeclampsia? ] Matern Fetal Neonatal Med.


http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://www.ncbi.nlm.nih.gov/pmc/PMC7159299
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/32217835
https://www.ncbi.nlm.nih.gov/pmc/PMC7190990
https://doi.org/10.1172/JCI137244
http://www.ncbi.nlm.nih.gov/pubmed/32416070
https://www.ncbi.nlm.nih.gov/pmc/PMC7227586
https://doi.org/10.1016/j.cell.2020.04.026
http://www.ncbi.nlm.nih.gov/pubmed/32234467
https://www.ncbi.nlm.nih.gov/pmc/PMC7118634
https://doi.org/10.1016/j.ijantimicag.2020.105954
http://www.ncbi.nlm.nih.gov/pubmed/32425269
https://www.ncbi.nlm.nih.gov/pmc/PMC7233239
https://doi.org/10.1016/j.jaci.2020.05.008
http://www.ncbi.nlm.nih.gov/pubmed/32710975
https://www.ncbi.nlm.nih.gov/pmc/PMC7375283
https://doi.org/10.1016/j.jaci.2020.07.009
http://www.ncbi.nlm.nih.gov/pubmed/32835257
https://www.ncbi.nlm.nih.gov/pmc/PMC7314456
https://doi.org/10.1016/S2665-9913(20)30173-9
http://www.ncbi.nlm.nih.gov/pubmed/32651997
https://www.ncbi.nlm.nih.gov/pmc/PMC7454462
https://doi.org/10.1093/cid/ciaa954
http://www.ncbi.nlm.nih.gov/pubmed/32553536
https://www.ncbi.nlm.nih.gov/pmc/PMC7831876
https://doi.org/10.1016/j.chest.2020.06.006
http://www.ncbi.nlm.nih.gov/pubmed/37894054
https://www.ncbi.nlm.nih.gov/pmc/PMC10609568
https://doi.org/10.3390/microorganisms11102396
http://www.ncbi.nlm.nih.gov/pubmed/35082777
https://www.ncbi.nlm.nih.gov/pmc/PMC8784688
https://doi.org/10.3389/fimmu.2021.746021
http://www.ncbi.nlm.nih.gov/pubmed/35835255
https://www.ncbi.nlm.nih.gov/pmc/PMC9272569
https://doi.org/10.1016/j.jaci.2022.05.029
http://www.ncbi.nlm.nih.gov/pubmed/35835255
https://www.ncbi.nlm.nih.gov/pmc/PMC9272569
https://doi.org/10.1016/j.jaci.2022.05.029
http://www.ncbi.nlm.nih.gov/pubmed/34341353
https://www.ncbi.nlm.nih.gov/pmc/PMC8329225
https://doi.org/10.1038/s41467-021-25015-6
http://www.ncbi.nlm.nih.gov/pubmed/24920807
https://www.ncbi.nlm.nih.gov/pmc/PMC4136258
https://doi.org/10.1128/JVI.00774-14
http://www.ncbi.nlm.nih.gov/pubmed/8871660
http://www.ncbi.nlm.nih.gov/pubmed/7667639
https://doi.org/10.1126/science.7667639
http://www.ncbi.nlm.nih.gov/pubmed/32966765
https://www.ncbi.nlm.nih.gov/pmc/PMC7474869
https://doi.org/10.1016/j.cell.2020.09.016
http://www.ncbi.nlm.nih.gov/pubmed/33395781
https://www.ncbi.nlm.nih.gov/pmc/PMC7656158
https://doi.org/10.1016/j.dsx.2020.11.001
http://www.ncbi.nlm.nih.gov/pubmed/33454365
https://www.ncbi.nlm.nih.gov/pmc/PMC7832132
https://doi.org/10.1016/j.lfs.2021.119019
http://www.ncbi.nlm.nih.gov/pubmed/15657466
https://doi.org/10.1164/rccm.200407-857OC
http://www.ncbi.nlm.nih.gov/pubmed/32360286
https://www.ncbi.nlm.nih.gov/pmc/PMC7189843
https://doi.org/10.1016/j.jaci.2020.04.027
http://www.ncbi.nlm.nih.gov/pubmed/32203186
https://www.ncbi.nlm.nih.gov/pmc/PMC7091621
https://doi.org/10.1038/s41423-020-0401-3
https://doi.org/10.1038/s41423-020-0401-3
http://www.ncbi.nlm.nih.gov/pubmed/32361250
https://www.ncbi.nlm.nih.gov/pmc/PMC7165294
https://doi.org/10.1016/j.ebiom.2020.102763

Paikar S et al.

43.

44.

2007;20(11):777-92. [PubMed ID: 17943641]. [PubMed Central ID:
PM(C2396489]. https://doi.org/10.1080/14767050701483298.

Ackermann M, Mentzer SJ, Kolb M, Jonigk D. Inflammation and
intussusceptive angiogenesis in COVID-19: everything in and out of
flow. Eur Respir J. 2020;56(5). [PubMed ID: 33008942]. [PubMed
Central ID: PMC7530910]. https://doi.org/10.1183/13993003.03147-2020.

Jontvedt Jorgensen M, Holter JC, Christensen EE, Schjalm C, Tonby K,
Pischke SE, et al. Increased interleukin-6 and macrophage

45.

chemoattractant protein-1 are associated with respiratory failure in
COVID-19. Sci Rep. 2020;10(1):21697. [PubMed ID: 33303843]. [PubMed
Central ID: PMC7729930]. https://doi.org/10.1038/s41598-020-78710-7.

Gruys E, Toussaint M], Niewold TA, Koopmans S]. Acute phase
reaction and acute phase proteins. J Zhejiang Univ Sci B.
2005;6(11):1045-56. [PubMed ID: 16252337]. [PubMed Central ID:
PMC1390650]. https:|/doi.org[10.1631/jzus.2005.B1045.

Jundishapur | Microbiol. 2024;17(5): e144812.


http://www.ncbi.nlm.nih.gov/pubmed/17943641
https://www.ncbi.nlm.nih.gov/pmc/PMC2396489
https://doi.org/10.1080/14767050701483298
http://www.ncbi.nlm.nih.gov/pubmed/33008942
https://www.ncbi.nlm.nih.gov/pmc/PMC7530910
https://doi.org/10.1183/13993003.03147-2020
http://www.ncbi.nlm.nih.gov/pubmed/33303843
https://www.ncbi.nlm.nih.gov/pmc/PMC7729930
https://doi.org/10.1038/s41598-020-78710-7
http://www.ncbi.nlm.nih.gov/pubmed/33303843
https://www.ncbi.nlm.nih.gov/pmc/PMC7729930
https://doi.org/10.1038/s41598-020-78710-7
http://www.ncbi.nlm.nih.gov/pubmed/16252337
https://www.ncbi.nlm.nih.gov/pmc/PMC1390650
https://doi.org/10.1631/jzus.2005.B1045

