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Abstract

Zinc inhibits replication of the SARS-CoV virus. We aimed to evaluate the
safety, feasibility, and biological effect of administering high-dose intravenous
zinc (HDIVZn) to patients with COVID-19. We performed a Phase Ila double-
blind, randomized controlled trial to compare HDIVZn to placebo in hospita-
lized patients with COVID-19. We administered trial treatment per day for a
maximum of 7 days until either death or hospital discharge. We measured zinc
concentration at baseline and during treatment and observed patients for any
significant side effects. For eligible patients, we randomized and administered
treatment to 33 adult participants to either HDIVZn (n = 15) or placebo (n = 18).
We observed no serious adverse events throughout the study for a total of 94
HDIVZn administrations. However, three participants in the HDIVZn group
reported infusion site irritation. Mean serum zinc on Day 1 in the placebo, and
the HDIVZn group was 6.9+ 1.1 and 7.7 + 1.6 umol/I, respectively, consistent
with zinc deficiency. HDIVZn, but not placebo, increased serum zinc levels
above the deficiency cutoff of 10.7 umol/l (p <.001) on Day 6. Our study did not
reach its target enrollment because stringent public health measures markedly
reduced patient hospitalizations. Hospitalized COVID-19 patients demon-
strated zinc deficiency. This can be corrected with HDIVZn. Such treatment
appears safe, feasible, and only associated with minimal peripheral infusion site
irritation. This pilot study justifies further investigation of this treatment in
COVID-19 patients.
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1 | INTRODUCTION

Cheap, safe, and easily administered interventions to improve
outcomes associated with COVID-19 infection remain an im-
portant goal. Zinc and Zn-salts inhibit viral infections in clinical

settings,’ 1°

and experimental including replication of
SARS-coronavirus (SARS-CoV).® Thus, zinc supplementation
might be beneficial in patients with COVID-19.2*"%” Clinical trials
have been registered to test the efficacy of zinc against COVID,
mostly with oral zinc supplementation.'® However, the bioavail-
ability of enterally administered zinc is low.'® Thus, logically,
intravenous zinc at a high dose should be the preferred mode of
administration.'® Unfortunately, no studies have assessed the
feasibility, safety, and impact on zinc levels of high-dose
intravenous zinc (HDIVZn). We designed a Phase Ila pilot
double-blind randomized controlled trial (RCT) to determine the
feasibility, safety, and biological efficacy of HDIVZn in subjects

with COVID-19.

FIGURE 1

:
L

Flow chart showing patient recruitment and randomisation

2 | METHODS

2.1 | Human ethics

The Austin Health Human Research Ethics Committee approved this
study (HREC/62996/Austin-2020-208572(v3) and the trial was pro-
spectively registered (Australia New Zealand Clinical Trial Register Re-
gistration no. ACTRN12620000454976).

2.2 | Study protocol and drug

A detailed clinical trial protocol has been published previously.”
Briefly, we randomized consenting COVID-19 confirmed hospitalized
adults with oxygen saturation (SpO5) of 94% or less while on ambient
air to either daily HDIVZn or saline placebo. Colorless pharmaceu-
tical grade Zinc Chloride (ZnCl,) stock solution obtained from Phe-
bra Pty Ltd was diluted in 250 ml of normal saline and infused via
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peripheral intravenous access over 3h at a dose of 0.5 mg/kg/day
(elemental zinc concentration, 0.24 mg/kg/day) for a maximum of 7
days, or until hospital discharge or death. The investigators, study
coordinators, treating physicians, bedside nurses, and patients/family
remained blinded to the allocated study solution.

The serum trace metal analysis was carried out by Austin Pa-
thology using inductively coupled plasma mass spectrometry
(ICP-MS).

2.3 | Statistical analysis

Continuous variables are presented as means * standard deviation
and compared between groups with the Wilcoxon rank-sum test.
Categorical variables are presented as numbers and percentages and
compared with Fisher's exact tests. Variables are presented over
time in line plots and compared between groups with a mixed-effect
generalized linear model with Gaussian distribution, considering the
patients as a random effect to account for repeated measurements,
and with the time of measurement (as a continuous variable), group

of randomization and an interaction between time x group as fixed

TABLE 1 Demographics and baseline

MEDICAL VIROLOGY

effects. A two-sided value of p <.05 was taken to indicate statistical

significance.

3 | RESULTS

We randomized 33 adults to either HDIVZn (n = 15) or placebo (n = 18;
Figure 1 and Table 1). Hypertension, diabetes mellitus, and chronic
cardiovascular disease were frequently present. We observed no drug-
related severe adverse events during 94 administrations of HDIVZn
However, three HDIVZn patients reported infusion site irritation, two on
Day 4, and one on Day 6.

Mean serum zinc on Day 1 in the placebo and the HDIVZn group
was 6.9+ 1.1 and 7.7 £ 1.6 umol/l, respectively, consistent with zinc de-
ficiency. HDIVZn increased serum zinc levels above the deficiency cutoff
of 10.7 umol/l (p<.001) on Day 6. In contrast, serum zinc levels with
placebo remained below this value (Figure 2A). In contrast, serum
copper, calcium, and magnesium were within the normal range at base-
line and were not affected by HDIVZn. As most of the patients enrolled
in our study were donating blood across multiple trials, we had limited

ability to collect enough blood samples to perform all the planned

Baseline Characteristics recorded on day 1 before receiving the first injection

disease characteristics

Age, years (range)
Male gender, N (%)

Weight, kg (range)

HDIVZn Control
(n=15) (n=18) p

59.8+16.8 (25-84) 63.8+16.9 (31-95) .550

11 (73.3) 10 (55.5) 711

86.6+23.1 (50-128) 73.9+16.8 (48 -100) .073

Co-existing disorders, N (%)

Hypertension 7 (46.7) 9 (50.0) 999
Diabetes 3 (20.0) 3 (16.7) 999
Chronic cardiovascular disease 4 (26.7) 3(16.7) 786
Chronic respiratory disease 0 (0.0) 2 (11.1) 549
Cirrhosis 0 (0.0) 3(16.7) 294
Hepatic failure 0 (0.0) 1(5.6) .999
Drugs on Day 1, N (%)
Dexamethasone 12 (80.0) 13 (72.2) 911
Remdesivir 5(33.3) 5(27.8) .999

Laboratory tests

Zinc, pmol/I (range)

Creatinine, pmol/I (range)

7.7 £1.6 (4.8-10.5) 6.9+1.1 (4.6-8.5) 122

71.4+24.9 (37-120) 80.4+£33.7 (37-15¢6)  .718

C-reactive protein, mg/| (range)
Troponin I, ng/l (range)

Lactate, mmol/l (range)

White blood cell count, x10° cells/

mm? (range)

123.7+72.7 (10-223) 914+ 75 (4-294) 126
91.2+223.2 (4-786) 18.1+21.2 (2-71) 981
0.661+2.1(0.8-2.9) 0.634+2.4 (0.7-3.1) .868
55+2.7 (2.2-10.7) 6.6+3.1(24-12.7) 193

Note: Values are mean = SD or percentages as indicated; range indicates Min and Max values.
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FIGURE 2 High dose intravenous zinc (HDIVZn) increased
serum zinc levels in zinc-deficient COVID-19 patients

biochemical tests daily, including the serum zinc levels. Figure 2B shows
the serum zinc for eight patients who had their serum zinc determined at
all the time points across the 7-day study period.

The primary outcome in non-ventilated patients was assessed as the
level of oxygenation expressed as oxygen flow (in liters/min) required to
maintain blood oxygen levels (SpO,) above 94% and the worst (lowest)
PaO,/FiO; ratio in ventilated patients. Our study did not reach its target
enrollment because stringent public health measures markedly reduced
new patient presentations to zero. Consequently, we could not ade-
quately assess the primary outcome of whether HDIVZn reduced the
level of oxygenation in non-ventilated (Figure 3) or improved the PaO,/
FiO, ratio in the four ventilated patients (data not shown) and other

clinical efficacy outcomes (Table 2).

4 | DISCUSSION

Zinc therapy is logical in COVID-19 because of the inhibitory effect
of zinc on viral replication and because low zinc levels appear com-

mon in COVID-19 patients.?>?* In a recently published study among

International Zinc Nutrition Consultative Group (IZINCG)?* has de-
fined 10.7 pmol/I as a cutoff value for zinc deficiency, and this value
was previously used in an Australian study.?* Serum zinc levels less
than 60 pg/dl (9.1 umol/l) are defined as clinical zinc deficiency in
Japan. However, in a recently published Japanese study, the zinc
deficiency cutoff value was set at <70 pg/dl (10.7 umol/l) to enable
direct comparison with domestic and international information.?*

A previous study has determined that the mean serum zinc in
the Australian population is 13+ 2.4 and 13 £ 2.5 ymol/I for men and
women, respectively.>* One of the leading causes of zinc deficiency is
aging; however, in a well-characterized cohort of healthy Australians
with an average age of 70.6 +7 years, the serum zinc levels were
12.7 + 2.5 ymol/1.%° In our study, 100% of patients (33/33) were zinc
deficient as the mean serum zinc values in the placebo, and the
HDIVZn group were 6.9 + 1.1 and 7.7 = 1.6 umol/l, respectively, well
below the zinc deficiency cutoff value of 10.7 umol/l. Therefore, our
results suggest that such zinc deficiency seen in COVID-19 patients
may be an acute phase reaction, specifically due to COVID-19
infection.?®

Zinc deficiency has been associated with a twofold increase in
complication rates,? greater risk of acute respiratory distress syn-
drome, longer hospital stay, and increased mortality?® with an in-
dependent relationship between low serum zinc level and disease
severity.?" A recent European study with 35 participants confirmed
that most COVID-19 patients were zinc deficient with lower zinc



PATEL €T AL

FIMTM—_\ \/1Ey 3265

TABLE 2 Clinical outcomes

Comparison of ordinal scale

HDIVZn  Control
(n=15) (n=18)
Eight-level ordinal scale at Day 1, N (%)
3. Hospitalized, no supplemental oxygen 6 (40.0) 9 (50.0)
4. Hospitalized, with supplemental oxygen 5(33.3) 8 (44.4)
5. Hospitalized, NIV, and/or HFNC 1(6.7) 1 (5.6)
6. Hospitalized, mechanical ventilation 3(20.0) 0 (0.0
Eight-level ordinal scale at Day 7, N (%)
2. Not hospitalized, with limitations 2 (15.4) 6 (33.3)
3. Hospitalized, no supplemental oxygen 6 (46.2) 6 (33.3)
4. Hospitalized, with supplemental oxygen 2 (15.4) 5 (27.8)
5. Hospitalized, NIV, and/or HFNC 0 (0.0) 1 (5.6)
6. Hospitalized, mechanical ventilation 2 (15.4) 0 (0.0)
8. Death 1(7.7) 0 (0.0)
Eight-level ordinal scale at Day 14, N (%)
0. Not hospitalized, no infection 2 (14.3) 2 (11.1)
2. Not hospitalized, with limitations 5(35.7) 10 (55.6)
3. Hospitalized, no supplemental oxygen 3(21.4) 2(11.1)
4. Hospitalized, with supplemental oxygen 3(21.4) 0 (0.0)
5. Hospitalized, NIV, and/or HFNC 0 (0.0) 1 (5.6)
8. Death 1(7.1) 3(16.7)
Eight-level ordinal scale at Day 28, N (%)
0. Not hospitalized, no infection 2 (14.3) 2 (11.1)
1. Not hospitalized, without limitation 1(7.1) 0 (0.0)
2. Not hospitalized, with limitations 7 (50.0) 12 (66.7)
3. Hospitalized, no supplemental oxygen 1(7.1) 1 (5.6)
4. Hospitalized, with supplemental oxygen 1(7.1) 0 (0.0)
8. Death 2 (14.3) 3 (16.7)

Abbreviations: HFNC, high-flow nasal cannula; NIV, noninvasive
ventilation.

levels in non-survivors.?” Given the above observations, various in-
vestigators have hypothesized that zinc therapy may be beneficial in
COVID-19,"*"*° but zinc bioavailability from enteral administration
is low, and the low dosage is inadequate.*®

A recently published study with four participants suggested that
oral administration of elemental zinc to a maximum amount not
exceeding 200 mg (zinc salt lozenges) was well tolerated and may
have been associated with positive recovery from COVID-19.%% In
contrast, a single-center retrospective study of hospitalized patients
with COVID-19 (n=242) determined a lack of association between
zinc sulfate intake (100 mg elemental zinc daily) and survival.
Hydroxychloroquine (HCQ) has been shown to act as a zinc ionophore,

MEDICAL VIROLOGY

increasing zinc uptake and inducing apoptosis in malignant cells.>?? A

recent trial by Boulware et al.>’ determined that zinc, in combination
with HCQ, was ineffective as there was no evidence that HCQ, in
combination with zinc, reduced the incidence of COVID-19 after a high-
risk exposure. However, the authors conceded that the study could not
be considered conclusive. It was limited by the small sample size of the
zinc cohort exacerbated by the lack of details regarding zinc formulation,
dose, and treatment duration.

In contrast, Derwand et al.*°

showed that oral supplementation
with 50 mg elemental zinc (zinc sulfate), in combination with HCQ
(200 mg twice a day), and azithromycin (500 mg per day) for five
consecutive days was associated with significantly fewer hospitali-
zations. Similarly, Carlucci et al,’t using the same combination de-
termined that 50 mg elemental zinc (zinc sulfate), when added to
HCQ and azithromycin, decreased the mortality and hospitaliza-
tion. Several shortcomings of these studies include the fact that in-
terventions were not controlled nor blinded. Patients were not
randomized or monitored for various other laboratory parameters.
However, the most significant limitation of the studies mentioned
above is the lack of data showing whether oral zinc supplementation
on its own or in combination with HCQ indeed improved the serum
zinc status among COVID-19 patients.

The upper daily oral intake limit for elemental zinc is 40 mg/day
as defined by the National Institutes of Health and a lower 25 mg/
day as defined by the European Food Safety Authority. A recent
study noted that enteral delivery (via a nasogastric feeding tube) of
100-150 mg/day elemental zinc supplied as zinc acetate (brand
name Nobelzin) takes between 14 and 24 days to correct zinc defi-
ciency, defined as serum zinc less than 70 pg/dl (equivalent to
10.7 umol/l) in hospitalized Japanese COVID-19 patients.”’ In com-
parison, our HDIVZn regimen using an elemental zinc dose ranging
from a minimum daily dose of 12mg (in a 50 kg patient) to a max-
imum of 30.7mg (in a 128 kg patient) corrected zinc deficiency
within a week without any toxicity or side effects. The need to use
significantly higher doses of zinc than the recommended upper daily

oral intake stems from an analysis by Hambidge et al.*?

indicating
that the maximal absorption (An.y) for zinc via oral delivery is only
=7 mg Zn/day. This low A,.x is due to the molecular complexities of
oral zinc absorption into and across the enterocyte and basolateral
membrane. Overall, our study suggests that intravenous zinc over-
comes low An.x of oral zinc supplementation. Furthermore, in-
travenous zinc may be superior to oral zinc supplementation in
rectifying the acute phase zinc deficiency seen in COVID-19 patients;
however, a direct comparative study (intravenous vs. oral Zn) is
warranted.

In summary, our study provides the first evidence showing the
safety and feasibility of intravenous zinc treatment and the ability of
HDIVZn to reverse the acute phase zinc deficiency associated with
COVID-19. These findings support further investigation of this

treatment in larger RCTs.
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