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Abstract

undergoing hemodialysis.

renal function.

Purpose: Strategies to minimize Coronavirus Disease (COVID-19) transmission in patients undergoing hemodialysis have been
implemented worldwide. Chronic kidney disease is a risk factor for COVID-19 and zinc could exert antiviral effects by suppressing
viral replication and enhancing immune responses. Therefore, this study investigated the serum zinc levels of patients with COVID-19

Method: This multicenter retrospective observational study included outpatients undergoing hemodialysis. We measured the serum
zinc levels of patients with and without COVID-19 undergoing hemodialysis and compared the levels with those of adults with normal

Results: Of 91 patients undergoing hemodialysis, 24 (26.4%) tested positive for severe acute respiratory syndrome coronavirus-2
and 67 (73.6%) did not. All 24 patients with COVID-19 had hypozincemia (mean serum zinc level: 58.9+£7.5 pg/dL): 9 (37.5%)
had mild hypozincemia (zinc: <80 pg/dL) and 15 (62.5%) had severe hypozincemia (zinc: <60 pg/dL). Among patients undergoing
hemodialysis, the mean serum zinc level in those with COVID-19 was significantly lower than that in patients without COVID-19
(58.9+7.5 vs. 63.3+£11.4 ug/dL; p=0.03436). The mean serum zinc level of patients with COVID-19 undergoing HD was significantly
lower than that in adults with normal renal function (58.9+7.5 vs. 78.0+£8.3 ug/dL; p=0.00042).

Conclusion: Japanese patients with COVID-19 undergoing hemodialysis had low serum zinc levels. Most patients undergoing
hemodialysis had hypozincemia. Hypozincemia therefore may be a risk factor for COVID-19 in patients undergoing hemodialysis.

Keywords: Chronic Kidney Disease; COVID-19; Hemodialysis;
Serum Zinc Level

Introduction

The coronavirus disease (COVID-19) pandemic was caused by
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2).
Methods to reduce the risk of COVID-19 for patients undergoing
hemodialysis have been rapidly implemented worldwide [1]. In
a study involving approximately 1,300 dialysis facilities across
the United States, the analysis of plasma levels of total antibodies

against the spike protein receptor-binding domain in 28,503
adult patients on dialysis revealed that the seroprevalence of
SARS-CoV-2 antibodies was 8.3% [2]. SARS-CoV-2 has four
major structural proteins: spike (S), membrane, envelope, and
nucleocapsid proteins. The S protein comprises an S1 subunit that
mediates cell surface binding via the receptor-binding domain,
and an S2 subunit that induces viral host cell membrane fusion.
Antibodies to the highly immunogenic receptor-binding domain
account for approximately 90% of neutralizing SARS-CoV-2-
specific antibodies, whereas few studies have reported neutralizing
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antibodies to viral structural proteins, such as the nucleocapsid
protein [3]. Speer et al. reported a reduced antibody response
to the first and second doses of the mRNA vaccine BNT162b2
(BioNTech) in patients on hemodialysis treatment. Most patients
undergoing hemodialysis HD (82%) developed neutralizing
antibodies after the second dose, but healthy controls had lower
levels [4]. Japanese patients undergoing hemodialysis have
exhibited evidence of immunity to SARS-CoV-2 after BNT162b2
mRNA vaccination; the majority of these patients develop spike
antibodies after the second dose. The mean SARS-CoV-2 spike
antibody levels are significantly higher after the third BNT162b2
vaccine dose than after the second dose [5].

Zinc is an essential trace element that plays various important roles
in the body to maintain immune function and block the invasion and
proliferation of pathogenic viruses. Symptoms of hypozincemia
include general fatigue, dysosmia, dysgeusia, loss of appetite,
hair loss, anemia, and headache [6]. A link between SARS-CoV-2
infection and zinc has been suggested [7-9]. Razzaque reported
that zinc exerts antiviral effects by suppressing viral replication
and enhancing immune responses [10]. Rheingold et al. reported
that zinc supplementation is associated with decreased mortality in
those with COVID-19. This is promising as zinc is widely available

and may be valuable as a cost-effective way to prevent poor
outcomes for those with COVID-19 [11]. However, the serum zinc
levels of patients on hemodialysis treatment with SARS-CoV-2
infection have not been investigated. Hence, we investigated the
serum zinc levels of Japanese patients with COVID-19 undergoing
hemodialysis.

Materials and Methods

Study design, population, and data sources
This was an observational cohort study.
Study 1

We quantitatively measured zinc levels in the serum of patients
who underwent hemodialysis in the dialysis facilities of the
Aobadai Jin Clinic, Takada Jin Clinic, and Yokohama Dai-ichi
Hospital between August 1 and December 1, 2023.

We quantitatively measured SARS-CoV-2 spike antibodies in
the serum of patients with COVID-19 who underwent HD in the
dialysis facilities of the Aobadai Jin Clinic, Takada Jin Clinic, and
Yokohama Dai-ichi Hospital between August 1 and December 1,
2023 (Table 1)

Patients undergoing hemodialysis Adults with normal renal function
With COVID-19 Without COVID-19
N (%) N=24 (26.4%) N=67 (73.6%) N=9
Sex
Female 6 15 5
Male 18 52 4
Age (years) 68.6£12.6 68.1+14.4 322434
HD duration (years) 7.8+£6.8 7.8+£6.8
Cause of ESKD
DKD 8 20
CGN 3 8
IgA nephropathy 5 6
RPGN 0 2
Nephrosclerosis 5 11
Malignant hypertension 0 3
ADPKD 1 4
Pregnancy kidney 0 1
Unknown 2 12
ADPKD: Autosomal Dominant Polycystic Kidney Disease; CGN: Chronic Glomerulonephritis; COVID-19: Coronavirus Disease; DKD: Diabetic
Kidney Disease; ESKD: End-Stage Kidney Disease; HD: Hemodialysis; IgA: Immunoglobin A; RPGN: Rapidly Progressive Glomerulonephritis

Table 1: Baseline demographics and characteristics (n=100).
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Study 2

We measured zinc levels in the serum of nine adults with normal
renal function (four males and five females) in the department
of Clinical Inspection, Prime Health Partners, Zenjinkai Group
between July 1 and August 31, 2023.

Blood sampling and measurement of serum zinc

Serum zinc levels were measured several times during blood
sampling at the start of hemodialysis. Serum zinc concentrations
were analyzed using the Accuras Auto Zn kit (Shino-Test
Corporation, Tokyo, Japan), which was developed to measure
serum zinc levels, with an automatic analyzer at the clinical
laboratory in our hospital. Serum zinc levels were classified per
the Japanese Society of Clinical Nutrition, as follows: 80-130 pg/
dL, normal; 60-80 pg/dL, subclinical zinc deficiency; and <60
pg/dL, clinical zinc deficiency [12]. In Harrison’s Principles of
Internal Medicine, an international standard indicator, clinical
zinc deficiency is defined as serum zinc levels of <70 pg/dL [13].
Serum zinc levels tend to be affected by sex, age, and the time at
which blood is sampled. We defined serum zinc concentrations of
<80 and <60 pg/dL as mild and severe hypozincemia, respectively.

Antibody detection

We quantified the SARS-CoV-2 spike antibodies in human plasma.
SARS-CoV-2 spike antibodies levels were evaluated with a fully
automated Cobas e801 analyzer (Roche Diagnostics, Santa
Clara, California, USA), using an Elecsys® anti-SARS-CoV-2
electrochemiluminescence immunoassay (Roche Diagnostics),
which has 100% sensitivity and 99.81% specificity (Roche
Diagnostics) to qualitatively detect SARS-CoV-2 spike antibodies
in human plasma [14]. A semiquantitative index of <0.8 U/mL was
classified as negative, and one of =0.8 U/mL was classified as
positive.

Statistical analysis

Data are expressed as mean =+ standard deviation or median
(interquartile range) for continuous variables and as frequency
(percentage) for categorical variables. The Wilcoxon signed—rank
test was used for proportional assessments. Statistical significance
was set at p<0.05, and all statistical analyses were performed using
SAS Statistics software (version 9.4; SAS Institute, Cary, North
Carolina, USA).

Ethics statement

The study was approved by the ethics committee of the Zenjinkai
Group (approval number: 0001008422) and was conducted in
accordance with the Declaration of Helsinki. Written informed
consent was obtained from all patients before the study.

Results

Data from 91 patients undergoing hemodialysis and 9 adults with
normal renal function were analyzed in this study.

Study 1

Thebackground characteristics of patients undergoing hemodialysis
with and without COVID-19 are shown in Tablel. Overall, 24
(26.4%) patients undergoing hemodialysis tested positive for
SARS-CoV-2 on polymerase chain reaction testing, whereas
67 (73.6%) patients tested negative. Serum zinc concentrations
in the patients on hemodialysis treatment are shown in Table 2.
All 24 patients with COVID-19 had hypozincemia, of whom 9
(37.5%) had mild hypozincemia, and 15 (62.5%) had severe
hypozincemia. The mean titer of SARS-CoV-2 spike antibodies
was 10,032+4,695 U/mL. The mean serum zinc level in patients
with COVID-19 undergoing hemodialysis was significantly lower
than that in patients without COVID-19 (58.9+7.5 vs. 63.3+£11.4
pg/dL; p=0.03436).

With COVID-19 Without COVID-19 p-Value
Number of patients 24 67
Serum zinc
58.9+7.5 63.3£11.4 0.03436
concentration (pg/dL)
Mild hypozincemia
9 (37.5%) 35(52.2%)
(zinc: <80 pg/dL)
Severe hypozincemia
15 (62.5%) 27 (40.3%)
(zinc: <60 pg/dL)
Normozincemia 0 5(7.5%)

COVID-19: Coronavirus Disease

Table 2: Serum zinc concentration of patients on hemodialysis treatment.
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Study 2

The daily variations in serum zinc concentration in adults with
normal renal function are shown in Table 3. In Japanese adults
(mean age: 32.2+3.4 years; 4 females, 5 males) with normal renal
function, the mean serum zinc concentrations were 78.0+8.3,
74.7£13.6, and 75.6+11.2 pg/dL at 10 am, 2 pm, and 4 pm,
respectively, indicating that the daily variations in serum zinc levels
were minor. The mean serum zinc concentration in patients with
COVID-19 undergoing hemodialysis was significantly lower than
that in adults with normal renal function (58.9+£7.5 vs. 78.0+8.3
ng/dL; p=0.00042). The mean serum zinc concentration in patients
without COVID-19 undergoing hemodialysis was significantly
lower than that in adults with normal renal function (63.3£11.4 pg/
dL vs. 78.0+8.3 pg/dL; p=0.00049).

Time Serum zinc concentration (pg/dL)
10 am 78.0+£8.3
2 pm 74.7£13.6
4 pm 75.6+11.2

Table 3: Daily variations in the serum zinc concentration of adults
with normal renal function.

Discussion

Zinc is an essential mineral that plays various important roles in
the body, such as maintaining immune function and blocking the
invasion and proliferation of pathogenic viruses [6]. Brewer et al.
reported that zinc may be effective against SARS-CoV-2 infection
[7]. Serum zinc levels are low in severe cases, suggesting a link
between COVID-19 infection and zinc levels [8, 9]. Tsuchiya et al.
reported that serum zinc levels are significantly lower in SARS-
CoV-2-infected patients with pneumonia than in those without
pneumonia [15]. Vogal-Gonzalez et al. reported that serum zinc
levels of <50 pg/dL at admission are correlated with a worse
clinical presentation, longer time to reach stability, and higher
mortality [16]. In vitro results have indicated that low zinc levels
favor viral expansion in SARS-CoV-2-infected cells [16]. Yasui et
al. reported that prolonged hypozincemia is a risk factor for severe
COVID-19 [17]. Matsuda et al. reported that the most frequent
symptom in patients with long COVID with hypozincemia is
general fatigue. Serum zinc levels should be measured in patients
with long COVID with general fatigue [18].

Japanese patients with COVID-19 undergoing hemodialysis
had low serum zinc levels. Hypozincemia was detected in most
patients undergoing hemodialysis and may be a risk factor
for COVID-19. Weiss et al. reported that patients undergoing
hemodialysis have a higher risk of SARS-CoV-2 infection than
the general population [19]. Prasad reported that zinc deficiency
is related to smell dysfunction, taste abnormalities, delayed
wound healing, skin changes, hair loss, and mental lethargy [20].
Therefore, patients with COVID-19 undergoing hemodialysis with

hypozincemia may have more complaints, including dysgeusia,
general fatigue, and hair loss, which are common complains among
patients with COVID-19 undergoing hemodialysis. Fromonot
et al. reported that hypozincemia is more frequently observed in
patients with COVID-19 than in those without [21]. In the present
study, hypozincemia was detected in most patients undergoing
hemodialysis. Highly predictive clinical factors must be examined
to forecast the outcome immediately after COVID-19. Yasui et al.
reported that almost all severe cases show subclinical or clinical
zinc deficiency and that prolonged hypozincemia is a risk factor
for critical illness in COVID-19 [17]. Razzaque reported that zinc
can exert antiviral effects by suppressing viral replication and
enhancing immune responses [10]. Rheingold et al. reported that
zinc supplementation is associated with decreased mortality in
those with COVID-19 but does not change symptomatology. This
is promising because zinc is widely available and may be valuable
as a cost-effective way to prevent poor outcomes for those with
COVID-19 [11]. Ota reported that acquired immunity against
primary SARS-CoV-2 confers protection from re-infection [22].
Sethuraman et al. found that a SARS-CoV-2 infection can also
be detected indirectly by measuring the host’s immune response.
Serological diagnosis is particularly important for patients with
mild to moderate illness who may present late in the course of
their infection, particularly more than 2 weeks after the onset of
illness [23]. To et al. reported that enzyme-linked immunosorbent
assay-based immunoglobin M and immunoglobin IgG antibody
tests had a >95% specificity for the diagnosis of SARS-CoV-2.
The receptor-binding domain of S is a host-attachment protein,
and antibodies to RBD-S are more specific and are expected to be
neutralizing [24].

We aimed to examine the relationship between serum zinc levels
and COVID-19 in patients undergoing hemodialysis to evaluate
whether hypozincemia could be a predictive factor for critical
illness in patients with COVID-19 undergoing hemodialysis.
Urinary epidermal growth factor levels have been associated with
acute kidney injury [25]. Menez et al. reported that lower urinary
epidermal growth factor levels are associated with poor prognosis
in patients hospitalized with COVID-19. Urinary biomarkers are
associated with adverse kidney outcomes in patients hospitalized
with COVID-19 and provide valuable information to monitor
kidney disease progression and recovery [26]. Further studies
are needed to validate the association between urinary epidermal
growth factor levels and serum zinc levels of patients undergoing
hemodialysis with COVID-19.

Our observational cohort study was limited by its design, small
number of patients on hemodialysis treatment, and timing of
serological testing. Our preliminary data requires confirmation
through further testing.

Conclusions

We revealed that Japanese patients with COVID-19 undergoing
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hemodialysis had low serum zinc levels. Most patients undergoing
hemodialysis had hypozincemia. Among patients undergoing
hemodialysis, the mean serum zinc level in those with COVID-19
was significantly lower than that in patients without COVID-19.
Hypozincemia therefore may be a risk factor for COVID-19 in
patients undergoing hemodialysis.
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