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Abstract

Introduction: COVID-19 is a novel coronavirus which has varies from mild to severe symptoms. This study aimed to determine
serum zinc level in COVID-19 patients and find out it's correlation with c-reactive protein. Method: 150 Covid-19 patients, with
certain RT-PCR positive result and CT-scan for percentage of lung involvement, were enrolled in the study. Blood samples were
collect from the patients for biochemical assessment. Results: The results showed a significant negative correlation between serum
zinc with c-reactive protein, percentage of lung involvement and recovery days. Conclusion: zinc is trace element with important
body functions and need further studies to enforced its role on COVID-19 inflammatory status.
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Introduction

The new RNA virus that causes severe acute respiratory syndrome coronavirus 2 is the cause of the coronavirus disease
2019 (COVID-19), an acute respiratory disease. Since the initial COVID-19 patient report in Wuhan, China, in
December 2019, there have been a significant surge in COVID-19 cases globally[1][2]. As 2022 approaches, there is
a significant COVID-19 wave brought on by SARS-CoV-2 mutations (i.e., delta, lambda, mu, and omiclone). About
80% of SARS-CoV-2-infected individuals had mild to moderate disease (stage I) (Fig. 1). Within a week, the
remaining 20% may reach severe clinical stages (stage Il). A portion of stage Il (about 5% of the total) may then
transition to stage 11, which could ultimately lead to intubation or death[3].
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Figure 1[4]: The three stages of COVID-19 progression, together with the symptoms they bring.

At the beginning of the illness, common symptoms included myalgia, fatigue, fever, and cough. Acute respiratory
distress syndrome (ARDS), acute heart injury, liver injury, renal impairment, and even death can result from the
condition in extreme situations[5]. One of the hallmarks of COVID-19 is the systemic inflammatory response to the
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection, and the majority of hospitalized COVID-
19 patients exhibit aberrant inflammatory biomarkers[6]. C-reactive protein (CRP), an acute-phase protein first
described by Tillet and Francis[7], one of the most common biomarkers of inflammation which the liver produces in
response to interleukin-6 (IL-6). Additionally, C-reactive protein has been linked to serious illness in people with
H1N1 influenza pneumonia [8] and in several recent studies, it has been shown that COVID-19 disease severity and
CRP concentrations are correlated[9]. The fact that zinc is involved in so many biological processes and is able to
bind to more than 300 enzymes and 2,000 transcriptional factors makes it one of the most significant necessary
minerals[10]. It plays a significant role in both gene transcription and the metabolism of proteins, fats, and nucleic
acids. It plays a significant part in the human body's immune system, wound healing, reproduction, and microcellular
processes like macrophage, neutrophil, natural killer cell, and complement activity[11]. Low zinc levels have been
linked to increased vulnerability to infectious illnesses, including viral infections, reduced lymphocyte activation, and
weakened innate host defense via disruption of intercellular communication via cytokines[12][13]. Because zinc has
a broad impact on the immune system, which includes both the adaptive and innate immune systems, this is one of
the most important functions of zinc in our bodies. Zinc functions as an anti-inflammatory in innate immunity[14].

Material and method

Study design and participants

From November 2021 to March 2022, this a prospective study was conducted in Al-Basra city of Irag. 150 participants
in total, both male and female, were included in the study. Real-time polymerase chain reaction (RT-PCR), which
looks for SARS-CoV-2 positive, was used to confirm the diagnosis of COVID-19 infection that made by specialized
doctors. All patients with covid-19 infection were chosen from private clinics or Al-Basra Teaching Hospital patients
who agreed to participate in the study.

Ethical consideration
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Both the continuing Education section in the Basra Health Department and the Scientific Committee at the University
of Basra's College of Pharmacy gave their approval to the project. All subject who participated in the study gave their
consent.

Inclusion and exclusion criteria

This study included both male and female infected with Covid-19 who are older than 18 with positive RT-PC and
either go to an outpatient clinic or are admitted to the hospital. while infected patients with age younger than 18,
pregnancy, lactation mother, patients who refused to participate and patient with anemia disorders were excluded from
this study

Measurement and analysis

Demographic information: A well-designed patient information sheet was used to obtain all demographic information
from patients and their relatives. CT scan demonstrated the percentage of lung involvement, Spo2 and heart rate by
Fingertip Pulse Oximeter, body mass index was calculated by the equation (weight/height?) and body temperature by
Digital Thermometer.

Biochemical analysis: 5ml blood samples were drawn from COVID-infected patients and were put in serum-separating
tubes(SSTs). Then the samples centrifuged to getting fully separation of serum from whole blood and the serum
samples refrigerated at -40° for keeping.

Serum zinc level measured by atomic absorption spectroscopy (AA-7000 ATOMIC ABSORPTION
SPECTROSCOPY) and serum C-reactive protein measured by The Finecare CRP Rapid Quantitative Test.

Statistical analysis

IBM SPSS Statistics 26 software was used for statistical analysis and the data was expressed as number and percentage
and Pearson correlation was used for correlation between data. P<0.05 was accepted as statistically significant.

The results

Totally 150 patients included in this study (72 (48%) male and 78 (52%) female p-value = 0.624). The median age of
participants was 41 (18-84) years. 68% of enrolled patients in study had body mass index above the normal range
where 56.57% overweight and 11.33% obese. Table 1 shows the demographic data that obtained from patients
participated in this study.

Table 1: Demographic data of patients participated in this study

Parameters Number(N) Percentage (%) P-value
Gender

Male 72 48% 0.6242
Female 78 52%

Age distribution

18-28 28 18.67%

29-39 40 26.67%

40-50 39 26% <0.0001
51-61 31 20.67%

62-72 7 4.67%

>72 5 3.33%

Average 424+ 148
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Range 18-84

C195% 42.4 +2.37

Weight

45-55 9 6%

56-65 42 28%

66-75 49 32.67% <0.0001
76-85 38 25.33%

86-95 10 6.67%

>95 2 1.33%

Average 71.6 +105

Range 45-96

Cl195% 71.6 +1.68

Body mass index (MBI)

18-21 5 3.33%

21-25 43 28.67% <0.0001
25-29 85 56.67%

29-33 14 9.33%

>33 3 2%

Average 26 2.7

Range 18.97-35.75

Cl195% 26 £0.43

SpO2

<86 14 9.33% <0.0001

86-95 52 34.67%

>95 84 56%

Average 93977

Range 45-99

Cl195% 93.9+1.23

Patients who

Required hospital admission 47 31.33% <0.0001
Required steroid 42 28% <0.0001
Required oxygen supply 48 32% <0.0001
With Co-morbid disease 52 34.67% 0.0002

P value < 0.05 considered significant, C195% =confidence interval at a=0.05

47(31.33%) of patients required hospital admission, while 42(28%) required steroids, 48(32%) required O2 supply,
52(34.67%) presented with co-morbid diseases. Table 2 showed the clinical and biochemical parameters of COVID-
19 patients who enrolled in the present study where mean = SD of SpO2 93.9 + 7.734, CRP 49.8379 £ 69.53, serum

zinc 0.8768 + 0.65, % of lung involvement 26.2867% * 21.9% and recovery days 9.02 + 7.993.

Table 2: Clinical and biochemical parameters of COVID-19 patients who participated in this study
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Parameters Mean + SD

N =150

Spo2 93.9+7.734

CRP mg/I 49.8379 £ 69.53
Serum zinc mg/I 0.8768 = 0.65

% of lung involvement 26.2867% % 21.9%
Recovery days 9.02 £ 7.993

Spo2= oxygen of saturation, CRP= c-reactive protein, %= percentage

Results from table 3 showed a significant negative correlation of serum zinc with age (r = -0.186, p-value=0.022)
(table 3), C-reactive protein (r = -0.289, p-value < 0.0001), recovery days (r = -0.281, p-value < 0.0001)and % of lung
involvement (r = -0.204, p-value=0.012) and no significant correlation of serum zinc with gender (r = 0.022, p-value
=0.787), Spo2 (r = 0.138, p-value = 0.091). Also current study observed a significant positive correlation between C-
reactive protein with age (r = 0.462, p-value < 0.0001), percentage of lung involvement(r= 0.525, p-value < 0.0001)
and recovery days (r = 0.448, p-value < 0.0001) while a significant negative correlation of C-reactive protein with
Spo2 (r=-0.462, p-value < 0.0001) and serum zinc (r=-0.289, p-value < 0.0001) and no significant correlation between

C-reactive protein and gender.

Table 3: Correlation coefficient of study parameters

Parameters CRP Serum zinc

r p-value r p-value
Age 0.462 <0.0001 -0.186 0.022
Gender -0.033 0.686 0.022 0.787
BMI 0.061 0.461 -0.014 0.866
Spo2 -0.462 <0.0001 0.138 0.091
CRP 1.000 1.000 -0.289 <0.0001
Serum zinc -0.289 <0.0001 1.000 1.000
% of lung involvement 0.525 <0.0001 -0.204 0.012
Recovery days 0.448 <0.0001 -0.281 <0.0001

Spo2= oxygen saturation, CRP= c-reactive protein, %= percentage
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Figure 2: correlation between serum zinc and age.
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Figure 3: correlation between serum zinc and c-reactive protein.
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Figure 4: The correlation between serum zinc and recovery days.
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Figure 5: The correlation between serum zinc and percentage of lung damage.

Discussion

This study demonstrated a relation between serum zinc levels and infection and inflammatory status. Zinc has
demonstrated antiviral effects via inhibiting RNA synthesis, viral application, DNA polymerase, and reverse
transcriptase status[10][15][16]. As mentioned in results that the study found a negative correlation between c-reactive
protein and zinc serum level (r=-0.289, p<0.0001), the zinc is well known for its ability to regulate inflammatory
responses via the Nuclear Factor Kappa B (NF-B) signaling pathway to modulate oxidative stress as well as
inflammatory cytokines [17]. However, zinc uptake into cells increases and zinc is incorporated into organelles or
zincosomes during the acute phase of infection, which may cause serum zinc levels to fall. Additionally, it was
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discovered that higher urine zinc excretion during the acute phase response was correlated with elevated CRP [17].
There were studies [14][18][19][20] that found the same negative correlation between c-reactive protein and serum
zinc level. The present study showed that there was a significant positive correlation between c-reactive protein and
percentage of lung involvement (r=0.448 and p-value<0.0001) and significant negative correlation between serum
zinc and percentage of lung involvement(r=-0.204,p<0.012). Lung injury and the chance of developing ARDS(acute
respiratory distress syndrome) increase in proportion to early CRP levels. Therefore patients with COVID-19 who
have elevated CRP should regulate their lung condition to prevent serious illness as elevated CRP in COVID-19
patients may indicate lung deterioration [21][22]. There was a study that found c-reactive protein levels were positively
correlated with lung lesions and severe presentation (P < 0.001)[23]. Because a rise in CRP is associated with
pulmonary lesions, it is possible to use alongside radiological data to track progression of the disease, making it an
ideal serological test to monitor disease development in an outbreak area with a lot of COVID-19 patients but few
medical resources for radiographic testing [24][25]. Because changes in CRP occur before the appearance of
respiratory damage, clinical outcomes can often be identified even before the severity of health manifestations [22].
In a recent research of COVID-19 patients, it was discovered that individuals with low zinc levels had greater
complication rates (p=0.009), including longer hospital stays (p=0.05), the need for corticosteroid medication
(p=0.02), and higher mortality rates (18.5% vs. 0%). The odds ratio of complications linked with low level serum zinc
was discovered to be 5.54 [26]. In this current study we observed significant negative correlation between serum zinc
level and recovery time. Increased ROS and pro-inflammatory markers have been linked to low serum zinc levels
[27]. By increasing the formation of ROS in platelets, zinc deficiency may facilitate thrombocyte aggregation and
coagulation [19]. The primary causes of COVID-19 patients death are those diseases that induced coagulopathy, which
is brought on by microangiopathic organ failure, venous thromboembolism, and the development of atherosclerosis
[28][29].A poor prognosis for COVID-19 has been linked to leukocytosis and neutrophilia. Clinical recovery can be
enhanced by lymphopenia recovery [30]. Innate immune cells with lymphopenia may respond favorably to zinc
supplementation. Additionally, zinc is a crucial modulator of the signaling pathways generated by TLR-3 and TLR-4.
[31].

6-Conclusion

The goal of this study is to bring clinical attention to the relationship between c-reactive protein and serum zinc levels
in COVID-19 patients (as a non-specific inflammatory marker). Zinc is a trace element having significant
physiological effects. The study's findings revealed a negative link between the serum zinc levels and the levels of c-
reactive protein, lung involvement percentage, and recovery days. More research that are slated to be conducted in the
future will help to better understand this relationship.

The references

[1] M. Sadeghi-Haddad-Zavareh et al., “C-Reactive Protein as a Prognostic Indicator in COVID-19 Patients,” Interdiscip.
Perspect. Infect. Dis., vol. 2021, pp. 1-5, 2021, doi: 10.1155/2021/5557582.

[2] A. Al-Rubaye, Z. Al-Hashim, M. Mohammed, and O. Habib, “A Study on 696 COVID-19 Cases in Basrah-Southern Iraq:
Severity and Outcome Indicators,” Iraqi Natl. J. Med., vol. 2, no. CSI, pp. 19-26, 2020, doi: 10.37319/ignjm.2.csi.3.

[3] H. K. Siddigi and M. R. Mehra, “COVID-19 illness in native and immunosuppressed states: A clinical-therapeutic staging
proposal,” J. Hear. Lung Transplant., vol. 39, no. 5, pp. 405-407, 2020, doi: 10.1016/j.healun.2020.03.012.

[4] Y. Hashimoto, T. Suzuki, and K. Hashimoto, “Mechanisms of action of fluvoxamine for COVID-19: a historical review,”
Mol. Psychiatry, vol. 27, no. 4, pp. 1898-1907, 2022, doi: 10.1038/s41380-021-01432-3.

[5] Q. Ding, P. Lu, Y. Fan, Y. Xia, and M. Liu, “The clinical characteristics of pneumonia patients coinfected with 2019 novel
coronavirus and influenza virus in Wuhan, China,” J. Med. Virol., vol. 92, no. 9, pp. 1549-1555, 2020, doi:
10.1002/jmv.25781.

- Journal of Pharmaceutical Negative Results |, Volume 13 | Special Issue 8 | 2022 m




(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

C. M. Petrilli et al., “Factors associated with hospital admission and critical illness among 5279 people with coronavirus
disease 2019 in New York City: Prospective cohort study,” BMJ, vol. 369, 2020, doi: 10.1136/bmj.m1966.

W. S. Tillett and T. Francis, “Serological reactions in pneumonia with a nonprotein somatic fraction of pneumococcus,”
J. Exp. Med., vol. 52, no. 4, pp. 561-571, 1930, doi: 10.1084/jem.52.4.561.

D. Vasileva and A. Badawi, “C-reactive protein as a biomarker of severe HIN1 influenza,” Inflamm. Res., vol. 68, no. 1,
pp- 39-46, 2019, doi: 10.1007/s00011-018-1188-x.

M. B. Pepys, “C-reactive protein predicts outcome in COVID-19: is it also a therapeutic target?,” Eur. Heart J., vol. 42,
no. 23, pp. 22802283, 2021, doi: 10.1093/eurheartj/ehab169.

S. A. Read, S. Obeid, C. Ahlenstiel, and G. Ahlenstiel, “The Role of Zinc in Antiviral Immunity,” Adv. Nutr., vol. 10, no.
4, pp. 696-710, 2019, doi: 10.1093/advances/nmz013.

S. R. Lee, “Critical role of zinc as either an antioxidant or a prooxidant in cellular systems,” Oxid. Med. Cell. Longev.,
vol. 2018, 2018, doi: 10.1155/2018/9156285.

R. Jayawardena, P. Sooriyaarachchi, M. Chourdakis, C. Jeewandara, and P. Ranasinghe, “Enhancing immunity in viral
infections, with special emphasis on COVID-19: A review,” Diabetes Metab. Syndr. Clin. Res. Rev., vol. 14, no. 4, pp.
367-382, 2020, doi: 10.1016/j.dsx.2020.04.015.

P. C. Calder, A. C. Carr, A. F. Gombart, and M. Eggersdorfer, “Reply to ‘comment on: Optimal nutritional status for a
well-functioning immune system is an important factor to protect against viral infections. nutrients 2020, 12, 1181,””
Nutrients, vol. 12, no. 8, pp. 1-3, 2020, doi: 10.3390/nu12082326.

M. Vogel-Gonzalez et al., “Low zinc levels at admission associates with poor clinical outcomes in sars-cov-2 infection,”
Nutrients, vol. 13, no. 2, pp. 1-13, 2021, doi: 10.3390/nu13020562.

Y. L. Ko et al., “Factors attenuating zinc deficiency improvement in direct-acting antiviral agent-treated chronic hepatitis
C virus infection,” Nutrients, vol. 10, no. 11, 2018, doi: 10.3390/nul0111620.

“Journal of Medical Virology - 2021 - Ali - Assessment of the role of zinc in the prevention of COVID-19 infections
and.pdf.” .

A. T. Anuk et al., “The Relation Between Trace Element Status (Zinc, Copper, Magnesium) and Clinical Outcomes in
COVID-19 Infection During Pregnancy,” Biol. Trace Elem. Res., vol. 199, no. 10, pp. 3608-3617, 2021, doi:
10.1007/s12011-020-02496-y.

A. V. Skalny et al., “Serum zinc, copper, and other biometals are associated with covid-19 severity markers,” Metabolites,
vol. 11, no. 4, 2021, doi: 10.3390/metab0o11040244.

S. Razeghi Jahromi et al., “The correlation between serum selenium, zinc, and COVID-19 severity: an observational
study,” BMC Infect. Dis., vol. 21, no. 1, pp. 1-9, 2021, doi: 10.1186/512879-021-06617-3.

I. D. Ivanova et al., “Evaluation of zinc, copper, and Cu:Zn ratio in serum, and their implications in the course of COVID-
19,” J. Trace Elem. Med. Biol., vol. 71, no. December 2021, p. 126944, 2022, doi: 10.1016/j.jtemb.2022.126944.

T. Yamada et al., “Value of leukocytosis and elevated C-reactive protein in predicting severe coronavirus 2019 (COVID-
19): A systematic review and meta-analysis,” Clin. Chim. Acta, vol. 509, no. April, pp. 235-243, 2020, doi:
10.1016/j.cca.2020.06.008.

C. Tan et al., “C-reactive protein correlates with computed tomographic findings and predicts severe COVID-19 early,”
J. Med. Virol., vol. 92, no. 7, pp. 856-862, 2020, doi: 10.1002/jmv.25871.

L. Wang, “C-reactive protein levels in the early stage of COVID-19,” Med. Mal. Infect., vol. 50, no. 4, pp. 332-334, 2020,
doi: 10.1016/j.medmal.2020.03.007.

- Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 8 | 2022 m




[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

W. Chen, K. I. Zheng, S. Liu, Z. Yan, C. Xu, and Z. Qiao, “Plasma CRP level is positively associated with the severity of
COVID-19,” Ann. Clin. Microbiol. Antimicrob., vol. 19, pp. 1-7, 2020, doi: 10.1186/512941-020-00362-2.

S. Keddie et al., “Laboratory biomarkers associated with COVID-19 severity and management,” Clin. Immunol., vol. 221,
no. October, p. 108614, 2020, doi: 10.1016/j.clim.2020.108614.

D. Jothimani et al., “COVID-19: Poor outcomes in patients with zinc deficiency,” Int. J. Infect. Dis., vol. 100, pp. 343—
349, 2020, doi: 10.1016/j.ijid.2020.09.014.

I. Wessels, B. Rolles, and L. Rink, “The Potential Impact of Zinc Supplementation on COVID-19 Pathogenesis,” Front.
Immunol., vol. 11, no. July, pp. 1-11, 2020, doi: 10.3389/fimmu.2020.01712.

E. Gavriilaki and R. A. Brodsky, “Severe COVID-19 infection and thrombotic microangiopathy: success does not come
easily,” Br. J. Haematol., vol. 189, no. 6, pp. €227—230, 2020, doi: 10.1111/bjh.16783.

Z. Varga et al., “Endothelial cell infection and endotheliitis in COVID-19,” Lancet, vol. 395, no. 10234, pp. 1417-1418,
2020, doi: 10.1016/S0140-6736(20)30937-5.

J. Liu et al., “Longitudinal characteristics of lymphocyte responses and cytokine profiles in the peripheral blood of SARS-
CoV-2 infected patients,” EBioMedicine, vol. 55, no. December 2019, 2020, doi: 10.1016/j.ebiom.2020.102763.

A. Brieger, L. Rink, and H. Haase, “Differential Regulation of TLR-Dependent MyD88 and TRIF Signaling Pathways by
Free Zinc Tons,” J. Immunol., vol. 191, no. 4, pp. 1808-1817, 2013, doi: 10.4049/jimmunol.1301261.

- Journal of Pharmaceutical Negative Results |, Volume 13 | Special Issue 8 | 2022 m




