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COVID-19 is a major health problem affecting all people worldwide and has a high mortality rate
especially in critically ill patients. Although much is known about its different clinical symptoms, there
are signiﬁcant knowledge gaps about its pathology and cellular responses to the virus. Copper plays an
essential role in respiration, immune function and free-radical defense. Despite its important action in
physiochemical properties, only small amount of copper is presented in biological ﬂuid, none of which
presents as free ion form that readily afﬁrms its depletion in critically ill patients. Recent studies
conﬁrmed its anti-viral capacity. Closer understanding of copper signaling, its vulnerability, method of
assessment and interpretation, administration rout and dosage opens up new perspectives regarding
therapeutic copper administration against critically ill COVID-19 patients. So, it seems that physicians
should consider copper insufﬁciency in their critically ill COVID-19 patients. However, an attention
should be paid to copper toxicity and estimating the adverse responses depending on copper dose or
severity of copper limitation, as well as the duration of copper misbalance.
© 2020 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
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COVID-19 is a major health problem affecting all people
worldwide and has a high mortality rate especially in critically ill
patients. Although much is known about its different clinical
symptoms, there are signiﬁcant knowledge gaps about its pathology and cellular responses to the virus [1]. A huge number of
studies with different therapeutic interventions are being performed for COVID-19 management. But there is not any fundamental therapeutic intervention till now and currently the aim of
treatments is decreasing viral load and spread with supportive care.
Cardiopulmonary system involvement and COVID-19 associated
respiratory distress syndrome are the leading causes of mortality
from this disease. As currently there is not any vaccine or targeted
drug, one of the most important available therapeutic options is
enhancing immune system capacity against SARS-CoV-2.
Copper plays an essential role in respiration, immune function
and free-radical defense. Despite its important action in physiochemical properties, only small amount of copper is presented in
biological ﬂuid, none of which presents as free ion form that readily
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afﬁrms its depletion in critically ill patients [2]. Copper containing
enzymes perform essential functions like O2 transportation,
metabolism and production of signaling molecules responsible in
oxidative stress [3]. Copper is required for enzymes such as CuZnsuperoxide dismutase which is the main part of defense against
oxidative stress. Copper is required for normal immune response
against infection and for oxidative phosphorylation, for collagen
and elastin synthesis which are all essentials in ARDS pathogenesis
[4]. Lee et al. assessed the serum concentration of trace elements
and evaluated their clinical signiﬁcance in 167 critically ill patients.
They showed that lower levels of copper concentrations was seen at
ICU admission and increased level of copper with its substitution
during ICU stay was associated with a signiﬁcantly lower mortality
compared to lower concentration of copper (5.6 vs. 50.0%,
p ¼ 0.013) [5]. Copper deﬁciency symptoms include immune malfunction, mostly pronounced in older patients, and damage in host
pathogen response. On the other hand the contact killing of viruses
on metallic copper surfaces is explained in previous studies [6].
Copper supplementation has been shown to have an important role
in regulation of IL2 which is critical in T helper cell proliferation, the
balance between Th1 and Th2 cells, and NK cell cytotoxicity which is
also important in management of immune dysregulation in critically ill COVID-19 patients [7]. Copper antiviral characteristics
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paid to copper toxicity and estimating the adverse responses
depending on copper dose or severity of copper limitation, as well
as the duration of copper misbalance. However, repletion of a
micronutrient during a critically ill patients does not mean clinical
outcomes are improved. There have been numerous instances
where a low level of something has been associated with a bad
outcome, however, randomized controlled trials comparing efﬁcacy of repletion against placebo have not shown beneﬁt (e.g.,
vitamin D, vitamin C). Given above, it is important that physician
walk away thinking copper is a magic bullet for COVID-19.

include inactivation of single or double-stranded DNA or RNA viruses, destroying the viral genomes and block papain-like protease2 which is crucial for SARS-CoV-1 replication [8]. It has been
demonstrated that copper induces autophagy and apoptosis which
is correlated with the formation of autophagic vacuoles maintaining the cell's anti-viral defense.
It has recently been shown that diffuse intravascular thrombosis
is one of the major reasons found in postmortem analysis of critically ill COVID-19 patients. Lynch et al. in their study on rats showed
that although the mechanism of the development of thrombotic
lesions in Cu-deﬁcient females during this study is unclear, results
clearly demonstrate that hemostatic function is impaired in copper
deﬁciency [9].
Copper toxicity is associated with severe multi-organ injury and
gastrointestinal and urinary tract hemorrhage. Very little is known
concerning the nature of copper induced coagulopathy; however,
the mechanisms responsible for the compromised coagulation kinetics can be via oxidation of key ﬁbrinogen disulﬁde bridges,
copper induced glutathione dysfunction and increased plasminogen activator inhibitor type 1 [10]. As patients with inﬂammatory
situations exhibit higher mean serum copper concentrations
related to disease activity, the increase in copper levels can be
related to the body's physiological reaction to ﬁght inﬂammation.
Moreover, the inﬂammation may be the result of insufﬁcient hepatic copper repositories that cannot support an anti-inﬂammatory
response. During infection, the intracellular levels of metals are
mediated by tightly controlled acquisition and efﬂux systems. Loss
of the copper exporter encoded by copA has shown to lead to
decreased virulence in infection in different organs. Deletion of
copA results in enhanced macrophage-mediated bacterial clearance, underscoring the importance of copper efﬂux in evading
immune defenses [11]. These ﬁndings, linking copper with autophagy and vacuoles formation, support further studies of copper as
a candidate for the treatment of viral infections.
Based on the mentioned sentences, therapeutic supplementation of copper and correction of its deﬁcit may be beneﬁcial for
critically ill COVID-19 patients. This is also important in critically ill
COVID-19 patients who receive zinc supplement as copper and zinc
are competitively absorbed from the small intestine and high doses
of zinc administration can result in copper deﬁciency in these patients. It seems that surge of copper is an essential response for
counteracting the infection and balancing the immune dysfunction
in human bodies. So, assessment of serum levels of copper may lead
to misinterpretation of data leading to inappropriateness of copper
supplementation. Intracellular copper assessment and its metalloproteinase is a critical step in monitoring the copper level and
function. Previous studies showed that ceruloplasmin may have a
role in iron trafﬁcking across the enterocyte during inﬂammation,
participating in host defence and balancing of ferritin levels [12]. In
considering the high level of ferritin in severe COVID-19 cases
copper role seems to be signiﬁcant.
Finally, closer understanding of copper signaling, its vulnerability, method of assessment and interpretation, administration
rout and dosage opens up new perspectives regarding therapeutic
copper administration against critically ill COVID-19 patients. So, it
seems that physicians should consider copper insufﬁciency in their
critically ill COVID-19 patients. However, an attention should be

Funding
None.
Authors contribution
Sh.F: Study hypothesis, manuscript drafting.
S.M: Study hypothesis, manuscript editing.
A.M: Literature review, manuscript drafting, ﬁnal edition.
All authors read and approved the ﬁnal version of manuscript.
Declaration of competing interest
The authors declare no conﬂict of interest.
References
[1] Mason RJ. Pathogenesis of COVID-19 from a cell biology perspective. Eur
Respir J 2020;55:2000607. https://doi.org/10.1183/13993003.00607-2020.
[2] Kaplan JH, Lutsenko S. Copper transport in mammalian cells: special care for a
metal with special needs. J Biol Chem 2009 Sep 18;284(38):25461e5. https://
doi.org/10.1074/jbc.R109.031286. Epub 2009 Jul 14.
 Jablonkai I, Kova
ja L, Simon A,
cs R, Jemnitz K. Copper signalling:
[3] Kardos J, He
causes and consequences. Cell Commun Signal 2018;16(1):71. https://doi.org/
10.1186/s12964-018-0277-3.
[4] Caddell JL. A hypothesis: the role of magnesium and possibly copper deﬁciency in the pathogenesis of the adult or acute respiratory distress syndrome
(ARDS) as it occurs in infants, children, and adults. Pediatr Asthma Allergy
Immunol 1993:195e206. https://doi.org/10.1089/pai.1993.7.195.
[5] Lee YH, Bang ES, Lee JH, Lee JD, Kang DR, Hong J, et al. Serum concentrations of
trace elements zinc, copper, selenium, and manganese in critically ill patients.
Biol Trace Elem Res 2019;188(2):316e25. https://doi.org/10.1007/s12011018-1429-4. Epub 2018 Jul 25.
[6] Warnes SL, Keevil CW. Mechanism of copper surface toxicity in vancomycinresistant enterococci following wet or dry surface contact. Appl Environ
Microbiol 2011;77:6049e59.
[7] Hopkins RG, Failla ML. Copper deﬁciency reduces interleukin-2 (IL-2) production and IL-2 mRNA in human T-lymphocytes. J Nutr 1997;127:257e62.
[8] Raha S, Mallick R, Basak S, Duttaroy AK. Is copper beneﬁcial for COVID-19
patients? Med Hypotheses 2020;142:109814. https://doi.org/10.1016/
j.mehy.2020.109814.
[9] Lynch SM, Klevay LM. Effects of a dietary copper deﬁciency on plasma coagulation factor activities in male and female mice. JNB (J Nutr Biochem)
1992;3(8):3.
[10] Nielsen VG, Ward TD, Ford PM. Effects of cupric chloride on coagulation in
human plasma: role of ﬁbrinogen. J Thromb Thrombolysis 2018 Oct;46(3):
359e64. https://doi.org/10.1007/s11239-018-1704-4.
[11] Johnson MD, Kehl-Fie TE, Klein R, Kelly J, Burnham C, Mann B, et al. Role of
copper efﬂux in pneumococcal pathogenesis and resistance to macrophagemediated immune clearance. Infect Immun 2015;83(4):1684e94. https://
doi.org/10.1128/IAI.03015-14. Epub 2015 Feb 9.
[12] Cherukuri S, Potla R, Sarkar J, Nurko S, Harris ZL, Fox PL. Unexpected role of
ceruloplasmin in intestinal iron absorption. Cell Metabol 2005;2(5):309e19.
https://doi.org/10.1016/j.cmet.2005.10.003. PMID: 16271531.

91

