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Abstract: Coronavirus disease 2019 or COVID-19 has rapidly emerged as a global pandemic. This viral infection involves
the upper respiratory tract and could lead to severe pneumonia with respiratory distress or even death. Cer-
tain studies have found higher initial plasma levels of most pro-inflammatory cytokines during the course of
the infection. In this context, both in vitro and in vivo studies have revealed that metronidazole could decrease
the levels of several cytokines, which are known to increase during the COVID-19 infection, including inter-
leukin (IL)8, IL6, IL1B, tumor necrosis factor (TNF)α, IL12, IL1α, and interferon (IFN)γ, as well as the levels of
C-reactive protein (CRP) and neutrophil count.
Furthermore, the drug could decrease neutrophil-generated reactive oxygen species during inflammation.
Metronidazole could counteract majority of the immunopathological manifestations of the COVID-19 infec-
tion. Therefore, studies with a large sample size are required to determine the efficacy of metronidazole in the
treatment of COVID-19 infection.
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1. Introduction

Coronavirus disease 2019 or COVID-19 has rapidly emerged

as a global pandemic since its first report in December 2019

in China (1, 2). The infection involves the upper respira-

tory tract and could lead to severe pneumonia with respira-

tory distress or even death (3). Currently, no specific treat-

ment is available, and most strategies are principally symp-

tomatic. Therefore, finding an effective and economical

treatment strategy is essential, particularly for those with life-

threatening infection (4). Here, we present evidence from the

literature of immunological manifestations of the COVID-19

infection and the potential effect of metronidazole in coun-

teracting majority of these immunopathological features.
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2. Immunopathological evidence of
COVID-19

Following an evaluation of 41 admitted patients with

laboratory-confirmed COVID-19 infection in Wuhan, China,

Huang et al. found higher initial plasma levels of most pro-

inflammatory cytokines, including interleukin (IL)1B, IL1RA,

IL7, IL8, IL9, IL10, basic fibroblast growth factor (FGF),

granulocyte-colony stimulating factor (GCSF), granulocyte-

macrophage colony-stimulating factor (GMCSF), interferon

(IFN)γ, IFN-γ inducible protein 10 (IP10), monocyte

chemoattractant protein 1 (MCP1), macrophage inflamma-

tory protein (MIP)1A, MIP1B, platelet-derived growth fac-

tor (PDGF), tumor necrosis factor (TNF)α, and vascular en-

dothelial growth factor (VEGF) in both intensive care unit

(ICU) and non-ICU patients than in the healthy subjects.

However, the plasma levels of IL5, IL12p70, IL15, Eotaxin,

and RANTES were similar. Further evaluation revealed

higher plasma levels of IL2, IL7, IL10, GCSF, IP10, MCP1,
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MIP1A, and TNFα in ICU-admitted patients than in non-ICU

patients (5).

Chen et al., who retrospectively evaluated 99 patients with

laboratory-confirmed COVID-19 infection, reported lym-

phopenia in 35% of cases, as well as increased levels of neu-

trophils, IL6, erythrocyte sedimentation rate (ESR), and C-

reactive protein (CRP) in 35%, 52%, 85%, and 86% of cases,

respectively (6). However, whether the virus directly infects

the immune cells, including neutrophils and lymphocytes,

is yet to be established (7). Zhou et al. conducted a retro-

spective multicenter study of 191 patients with laboratory-

confirmed COVID-19 infection and reported elevated IL6 lev-

els and severe lymphopenia in non-survivors than in the sur-

vivors. Univariate analysis of the data revealed significant

associations of lymphopenia and elevated IL6 serum levels

with mortality (8).

3. Immunopharmacology of metronida-
zole

Metronidazole [1-(2-hydroxyethyl)-2-methyl-5- nitroimida-

zole] and related 5-nitroimidazoles are redox-active prodrugs

that act as biocidal agents via their interaction with a ni-

troreductase homolog (9). Both in vitro and in vivo studies

have revealed that metronidazole decreases the levels of sev-

eral cytokines, including IL8 (10-13), IL6 (10-15), IL1B (10-

15), TNFα (11-13, 15-17), IL12 (11, 13, 14), and IFNγ (11,

14, 16), as well as the levels of CRP (11, 12) and neutrophil

count (11, 17, 18). Interestingly, these parameters are shown

to increase during the COVID-19 infection (5-7). Moreover,

metronidazole could increase the number of circulatory lym-

phocytes (11, 17) and has lymphoproliferative properties,

suggestive of its immunopotentiating effect (11, 19). These

immunomodulatory effects of metronidazole have been dis-

cussed in detail in a previously published review by Shakir

et al. (11). Furthermore, this medication could decrease

neutrophil-generated reactive oxygen species during inflam-

mation (11, 20). Table 1 summarizes the effects of metron-

idazole on the immunopathological manifestations of the

COVID-19 infection.

Metronidazole, owing to its immunopharmacological behav-

ior, plays a pivotal role in several essential biological pro-

cesses. Based on the reported immunological manifestations

of COVID-19 infection, it could serve as a potential candidate

to counteract majority of the immunopathological features

of the disease. Therefore, clinical trials with a large sample

size are necessary to determine its efficacy in the treatment

of COVID-19 infection.

Table 1: Effects of metronidazole on immunopathological manifes-

tations of COVID-19 infection

COVID-19 Metronidazole
↑ IL8 (5) ↓ IL8 (10-13)
↑ IL6 (6, 8) ↓ IL6 (10-15)
↑ IL1B (5) ↓ IL1B (10-15)
↑ TNFα (5) ↓ TNFα (11-13, 15-17)
↑ CRP (6) ↓ CRP (11, 12)
↑ IL12 (21) ↓ IL12 (11, 13, 14)
↑ IFNγ (5) ↓ IFNγ (11, 14, 16)
↑ Neutrophils (5, 6) ↓ Neutrophils (11, 17, 18)
↓ Lymphocytes (5, 6, 8) ↑ Lymphocytes (11, 17),

lymphoproliferative proper-
ties (11, 19)

CRP: C-reactive protein; IFN: interferon; IL: interleukin;
TNF: tumor necrosis factor.

4. Declarations

4.1. Acknowledgements

Authors wish to thank the International Virtual Ophthalmic

Research Center (IVORC) for the continuous academic sup-

port.

4.2. Authors Contributions

RG, FH conceived the original idea. RG, FH, MM, and MP

designed the scenarios relevant to the idea and collected

the relevant manuscripts. They have performed acquisition,

analysis, and interpretation of data. RG, FH, MM, MP carried

out the evaluation on current evidences on the subject,

approved the final version that was submitted, revised it, and

drafted the manuscript. All authors are agree to be account-

able for all aspects of the work. RG, FH, MM, and MP met the

criteria of authorship based on the recommendations of the

International Committee of Medical Journal Editors.

Authors ORCIDs
Reza Gharebaghi: 0000-0002-4906-8597

Fatemeh Heidary: 0000-0002-6558-6132

Mohammad Moradi: 0000-0003-1560-7641

Maryam Parvizi: 0000-0003-2198-3520

4.3. Funding Support

This research resulted from an independent research without

financial support.

4.4. Conflict of Interest

The authors have declared that no competing interests exist.

References

1. Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang

W, et al. A pneumonia outbreak associated with

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: http://journals.sbmu.ac.ir/aaem



3 Archives of Academic Emergency Medicine. 2020; 8(1): e40

a new coronavirus of probable bat origin. Nature.

2020;579(7798):270-3.

2. Reviglio VE, Osaba M, Reviglio V, ChiaradiaP, Kuo IC,

O’Brien TP. COVID-19 and Ophthalmology: A New Chap-

ter in an Old Story. Med Hypothesis Discov Innov Oph-

thalmol. 2020 Summer; 9(2): 71-73.

3. Bai Y, Yao L, Wei T, Tian F, Jin D-Y, Chen L, et al. Presumed

asymptomatic carrier transmission of COVID-19. Jama.

2020.

4. Wu D, Yang XO. TH17 Responses in Cytokine Storm of

COVID-19: An Emerging Target of JAK2 Inhibitor Fedra-

tinib. Journal of Microbiology, Immunology and Infec-

tion. 2020.

5. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical

features of patients infected with 2019 novel coronavirus

in Wuhan, China. The Lancet. 2020;395(10223):497-506.

6. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epi-

demiological and clinical characteristics of 99 cases of

2019 novel coronavirus pneumonia in Wuhan, China: a

descriptive study. The Lancet. 2020;395(10223):507-13.

7. Prompetchara E, Ketloy C, Palaga T. Immune responses

in COVID-19 and potential vaccines: Lessons learned

from SARS and MERS epidemic. Asian Pac J Allergy Im-

munol. 2020.

8. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical

course and risk factors for mortality of adult inpatients

with COVID-19 in Wuhan, China: a retrospective cohort

study. The Lancet. 2020.

9. Sisson G, Jeong J-Y, Goodwin A, Bryden L, Rossler N,

Lim-Morrison S, et al. Metronidazole Activation Is Mu-

tagenic and Causes DNA Fragmentation in Helicobacter

pylori and inEscherichia coli Containing a Cloned H. py-

lori rdxA+(Nitroreductase) Gene. Journal of Bacteriology.

2000;182(18):5091-6.

10. Yudin MH, Landers DV, Meyn L, Hillier SL. Clinical and

cervical cytokine response to treatment with oral or vagi-

nal metronidazole for bacterial vaginosis during preg-

nancy: a randomized trial. Obstetrics & Gynecology.

2003;102(3):527-34.

11. Shakir L, Javeed A, Ashraf M, Riaz A. Metronidazole and

the immune system. Die Pharmazie-An International

Journal of Pharmaceutical Sciences. 2011;66(6):393-8.

12. Bayraktar MR, Mehmet N, Durmaz R. Serum cytokine

changes in Turkish children infected with Giardia lamblia

with and without allergy: Effect of metronidazole treat-

ment. Acta tropica. 2005;95(2):116-22.

13. Rizzo A, Paolillo R, Guida L, Annunziata M, Bevilac-

qua N, Tufano MA. Effect of metronidazole and mod-

ulation of cytokine production on human periodon-

tal ligament cells. International immunopharmacology.

2010;10(7):744-50.

14. Fitzpatrick LR, Small J, Hoerr RA, Bostwick EF, Maines L,

Koltun WA. In vitro and in vivo effects of the probiotic Es-

cherichia coli strain M-17: immunomodulation and at-

tenuation of murine colitis. British journal of nutrition.

2008;100(3):530-41.

15. Amar S, Wu S-c, Madan M. Is Porphyromonas gingi-

valis cell invasion required for atherogenesis? Pharma-

cotherapeutic implications. The Journal of Immunology.

2009;182(3):1584-92.

16. Mercer-Jones M, Hadjiminas D, Heinzelmann M, Peyton

J, Cook M, Cheadle W. Continuous antibiotic treatment

for experimental abdominal sepsis: effects on organ in-

flammatory cytokine expression and neutrophil seques-

tration. British journal of surgery. 1998;85(3):385-9.

17. Fararjeh M, Mohammad MK, Bustanji Y, AlKhatib H,

Abdalla S. Evaluation of immunosuppression induced

by metronidazole in Balb/c mice and human periph-

eral blood lymphocytes. International immunopharma-

cology. 2008;8(2):341-50.

18. Lefebvre Y, Hesseltine HC. The peripheral white blood

cells and metronidazole. Jama. 1965;194(1):15-8.

19. Elizondo G, Montero R, Herrera JE, Hong E, Ostrosky-

Wegman P. Lymphocyte proliferation kinetics and sister-

chromatid exchanges in individuals treated with metron-

idazole. Mutation Research/Fundamental and Molecular

Mechanisms of Mutagenesis. 1994;305(2):133-7.

20. Akamatsu H, Oguchi M, Nishijima S, Asada Y, Taka-

hashi M, Ushijima T, et al. The inhibition of free radi-

cal generation by human neutrophils through the syn-

ergistic effects of metronidazole with palmitoleic acid:

a possible mechanism of action of metronidazole in

rosacea and acne. Archives of dermatological research.

1990;282(7):449-54.

21. Li X, Geng M, Peng Y, Meng L, Lu S. Molecular im-

mune pathogenesis and diagnosis of COVID-19. Journal

of Pharmaceutical Analysis. 2020.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: http://journals.sbmu.ac.ir/aaem


	Introduction
	Immunopathological evidence of COVID-19 
	Immunopharmacology of metronidazole
	Declarations
	References

