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Abstract
Background: SARS CoV-2 is a novel coronavirus which cause recent pandemia and many deaths. This
study aimed to determine zinc, copper and magnesium status on pregnant women with COVID-19.

Methods: Totally 200 pregnants were included in the study, 100(34/33/33) were pregnants with COVID-19
infection and 100(33/32/35) were healthy pregnants and each group was divided into trimesters. Blood
samples for trace element measurements were obtained from the patients along with the initial
laboratory tests for clinical outcomes upon their �rst admission to hospital.Zinc, copper and magnesium
levels were analyzed with atomic absorption spectroscopy.

Results: In the �rst/third trimesters, serum zinc level was lower (p:0,004)/(p:0,02), serum copper level was
higher (p:0,006)/(p:0,008), Zn/Cu ratio was decreased (p<0,0001)/(p<0,0001) and serum magnesium
level was also higher (p<0,0001)/(p<0,0001) in COVID-19 group compared to control. Pregnants with
COVID-19 in their second trimester had lower serum zinc level (p:0,05) and also copper level was
decreased (p:0,0003) compared to control. Our correlation results showed that serum zinc and Zn/Cu
ratio levels had negative relation with acute phase markers such as IL-6, Erythrocyte Sedimentation Rate,
procalcitonin and Creactive Protein. Also, increased serum magnesium level might have role on
decreased white blood cell, neutrophil, lymphocyte cell concentrations and there was correlation between
serum magnesium and CRP level in the third trimester.

Conclusion: This study indicated that trace element status changed in pregnants with COVID-19. With the
further studies,it will be clari�ed that the effects of trace elements on COVID-19 in pregnant and in general
population which was shown with this study �rst time to date.

Introduction
SARS-CoV is a virus which is capable to bind the angiotensin-converting enzyme 2 receptor that present
in human body in several locations such as lung alveolar epithelial cells, enterocytes, endothelial cells
and arterial smooth muscle cells.  This novel coronavirus  cause recent pandemia and many deaths.
Evidence to date suggests that in the severe COVID-19 cases, cytokine storm syndrome accompanies the
infection.  

In a systematic review of 385 pregnant women from 33 studies with COVID-19, it was shown that 95.6%
of pregnants was mild, 3.6% was severe and %0.8 was critical stage of infection. Seventeen of pregnants
needed intensive care of whom six were mechanically ventilated and one had maternal mortality. In
totally 252 women who gave birth, 69.4% of them had cesarean section and 30.6% of them had normal
delivery. Four of the newborns were SARS-CoV-2 positive, there were two stilbirths and one neonatal death
[1].

According to data obtained from 108 pregnants with COVID-19, the women who were delivered by 
cesarean section (91%), lymphocytopenia was reported in the 59% of them with elevated C-reactive
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protein levels (70%) [2]. In an another systematic review study of pregnants with COVID-19 was
concluded that the adverse outcomes are not common however  our knowledge is still very limited about
SARS-COV-2 and its effects on pregnancy [3]. 

The recent studies showed that zinc status is a critical factor that can influence antiviral immunity,
particularly as zinc-deficient populations are mostly at risk of acquiring viral infections. Zinc is an
component of many viral enzymes, proteases, and polymerases and cellular and systemic zinc
homeostasis have the importance to prevent the viral infections. Despite the lack of clinical data, certain
indications suggest that modulation of zinc status may be bene�cial in COVID‐19. In vitro experiments of
Velthuis et al., it was shown that Zn+2

  cations especially in combination with zinc ionophore pyrithione
were shown to inhibit SARS-coronavirus RNA polymerase activity by decreasing its replication [4].  Also
pregnant women need more zinc intake because of its quite important roles for both maternal and
neonatal health such as fertility for pre-pregnancy, on growth and development during pregnancy and the
neonatal period [5]. But the association between the zinc level in pregnancy and COVID-19 is still unclear.

In humans, copper is involved in the structure of cytochrome 10 and steps associated with oxidative
stress, but high copper levels may have negative effects during in�ammation. The balance between zinc
and copper is important for the zinc to neutralize the negative effects that copper may cause.
Furthermore copper is an essential trace element for pathogens as well as for humans[6]. As a common
feature of the infection, regardless of the agent (virus, bacteria, fungi), there is a progressive increase in
serum copper [7-9]. But, there is no data about copper levels during COVID-19 infection not only in
pregnant women but also in adults.

Magnesium is one of the important ion which is required as cofactor for ATP enzyme that is involved in
many essential enzymatic reactions. It has also immune importance that Mg2+ has role on CD8+ T cell
acitvation in infection by regulating the active sites of speci�c kinases [10]. Recent study showed that
serum magnesium level might have protective effect against the lung function loss in asthma-chronic
obstructive pulmonary disease, that is important result to understand potential relation between
magnesium and pulmonary outcomes of COVID-19 disease [11]. To our knowledge, there is no study
evaluating the relationship between magnesium and COVID-19 infection prior to this study. Also, it is of
additional importance to evaluate pregnant COVID-19 patients because magnesium is a frequently used
trace element for treatment [12, 13] during pregnancy.

This study aimed to assess zinc, copper and magnesium status on pregnant women with COVID-19
comparing with healthy controls when evaluated clinical outcomes with pregnancy trimesters for better
understanding role of these three vital trace elements on pregnancy with SARS-CoV-2 infection for the
�rst time.

Material And Methods
Study Groups & Ethics
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Pregnant women who were admitted to Department of Obstetrics and Gynecology, Turkish Ministry of
Health Ankara City Hospital between 11 May 2020 and 30 August 2020 were included in the study and
divided into SARS-CoV-2 positive and control group with similar clinical and demographic characteristics
when the results of Real-time polymerase chain reaction (RT-PCR) assay of a nasopharyngeal and
oropharyngeal specimen are evaluated [14]. Both Turkish Ministry of Health and institutional ethics
committee approved the study protocol (E1-20-1009) and informed consent was obtained from all
patients.  All COVID-19 cases were managed with guidance by the national guideline.

Examination of Biochemical and Clinical Pro�le

Blood samples were obtained from the patients along with the initial laboratory tests upon their �rst
admission to hospital. Demographic features, clinical characteristics and  laboratory parameters were
analyzed. Maternal age, body-mass index (BMI)(kg/m2), gravidity, parity, comorbid conditions, gestational
age, pregnancy status, obstetric complications, hemoglobin (Hb), hematocrit (Hct), white blood cell,
platelet, lymphocyte, neutrophil counts, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
procalcitonin, interleukin 6 (IL-6), ferritin, blood urea nitrogen (BUN), creatinine, liver function tests
(Aspartat Aminotransferase, Alanine Amino Transferase) were obtained to determine biochemical and
clinical pro�le of patients.

Measurement of Tissue Trace Element Concentrations

Zinc, copper and magnesium levels were analyzed with atomic absorption spectroscopy. Perkin Elmer
Analyst 800 device and “WinLab32” program were used for atomic absorption spectroscopy method. The
calibration curve generate following to guideline with standard solutions of each trace element, 2
repetitive measurements of each sample were measured [15].

Statistical Analysis

IBM SPSS Statistics 25 (Armonk, NY, USA) software was used for statistical analysis. Student T test was
used to analyse differences between study groups and Pearson correlation was used for correlation
analysis between data. Graphpad PRISM 6.0 (La Jolla, CA, USA) was used for visualizing the data.

Results
A Totally 200 pregnant women were included in this study, the number of pregnants with COVID-19
infection were 100  and the other 100 patients were also healthy pregnant women. Each group was
divided into trimesters: Respectively Thirty four, 33 and 33 patients were in the �rst, second and third
trimesters of pregnancy in the COVID-19 group. On the other hand, 33, 32 and 35 patients were in the �rst,
second and third trimesters of pregnancy in the control group, respectively.

In the �rst trimester, serum zinc level was found signi�cantly lower  in pregnants with COVID-19
compared to control (67,19 ± 13,87 vs 55,97 ± 16,57, p: 0,004). However serum copper level was higher in
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patient group than in control ones (86,56 ± 19,70 vs 100,4 ± 19,73, p:0,006) that cause important
difference in Zn/Cu ration between groups (0,811 ± 0,219 vs 0,563 ± 0,144, p<0,0001). Serum Magnesium
level was also signi�canly higher in COVID-19 group compared to control (1,557 ± 0,211 vs 1,848 ±0,335, 
p<0,0001) (Fig 1).

 It was observed that zinc and copper levels were different between patient and control group during
second trimester. Serum zinc level was observed lower level in pregnants with COVID-19 than control
similar to �rst trimester (52,84 ± 12,57 vs 46,38 ± 12,66, p:0,05). Although serum copper level was higher
in patients in �rst trimester, it was seen that copper level was decreased in SARS-CoV-2(+) group
compared to control (157,2 ± 22,16 vs 132,6 ± 26,66, p:0,0003). Zn/Cu ratio (0,339 ±0,081 vs 0,351 ±
0,077, p: 0,529) and magnesium level (1,759 ± 0,195 vs 1,817 ± 0,387, p: 0,467) wasn’t found different
between groups in second trimester.

Third trimester data showed that serum zinc level was lower in COVID-19 group than controls (54,37 ±
13,57 vs 46,82 ± 12,51,  p:0,02). Serum copper level was found higher again in COVID-19 group compared
to control similar to �rst trimester results (152,8 ± 45,27 vs  180,5 ± 40,56, p:0,008). Zn/Cu ratio was
found signi�cantly lower in pregnants with COVID-19 infection compared to control (0,411 ± 0,129 vs
0,276 ± 0,103, p<0,0001). Serum magnesium level was found signi�cantly higher in COVID-19 group
compared to healthy pregnants (1,947 ± 0,657 vs 2,767 ± 0,394, p<0,0001).

Correlation Analysis

In the �rst trimester, zinc concentration signi�cantly correlated with IL-6 level (p:0.003, r:-0.357)and ESR
(p:0.01, r:-0,312). Copper concentration showed correlation with WBC (p:0.03, r:-0.263), procalcitonine
(p:0.03, r:0.262), ALT (p:0.02, r:0.277) and AST (p:0.01, r:0.298) levels. There were correlations between
Zn/Cu Ratio and IL-6 (p:0.01, r:-0.306), lymphocyte (p:0.01, r:-0.217),ESR (p:0.0009, r:-0.404), procalcitonin
(p:0.03, r:-0.270). Magnesium concentration of pregnants was correlated with WBC (p:0,0003, r:-0,435),
Neutrophil (p:0,002, r:-0,366), Lymphocyte (0,002, r:-0,378), ESR (p:0,001, r:0,384),  hemotocrit (p:0.02,
r:-0.276) and creatinine (p:0,04, r:-0,250).

Second trimester data of pregnant women showed that serum zinc level correlated with procalcitonin
(p:0.04, r:-0.254) and BUN (p:0.02, r:0.279). Copper level was correlated with IL-6 (p:0.01, r:-0.312), WBC
(p:0.02, r:0.295), Neutrophil (p:0.03, r:0.264), Lymphocyte (p:0.01, r:0.308), CRP (p:0.008, r:-0.334),
procalcitonin (p:0.01, r:-0.327), ferritin (p:0.008, r:-0.334) , hemoglobin (p:0.008, r:0.335), hematocrit (p:
0.008, r:0.333), BUN (p:0.01, r:0.298), creatinine (p:0.03, r:0.271) .

Third trimester correlation data showed that zinc level correlated with CRP (p:0.004, r:-0.360). Copper level
was found to be correlated with Lymphocyte (p:0.01, r:0.355), ALT (p:0.02, r:0.278) . Zn/Cu ratio was
correlated with IL-6 (p:0.01, r:-0.308), CRP (p:0.004, r:-0.463) levels. Magnesium concentration correlated
with Lymphocyte (p:0.04, r:-0.254), CRP (p:0.03, r:0.271), ferritin (p:0.03, r:-0.272) and creatinine (p:0.01,
r:0.306) status.
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Discussion
Impaired Balance of Zinc and Copper in Pregnants with COVID-19

Our study demonstrates that serum zinc level has relation with infection and in�ammation status. As we
mentioned before, serum zinc levels were decreased in COVID-19 patients in all trimesters compared to
healthy women. Also serum zinc levels from different trimesters were found negatively correlated with
acute phase markers such as IL-6, ESR, procalcitonin and CRP.

Zinc is well-known with its regulatuary character on in�ammatory responses via Nuclear Factor Kappa
B(NF-κB) signalling pathway to control oxidative stress and in�ammatory cytokines [16]. However, during
the acute-phase of infection, zinc uptake into cells increase and zinc is placed within zincosome or
organelles, which may lead to decreased serum zinc levels. Also, during acute phase response, urinary
zinc excretion was shown to be increased and it was found to be correlated with CRP [17]. As a key
cytokine of acute phase response of human body, IL-6 is important for diagnosis, and prognosis in
different diseases based on immunity [18, 19]. IL-6 was observed to stimulate the zinc transporter (ZIP14)
which places in cell membrane and function to zinc entering into cells [20, 21]. Therefore, with these
mentioned mechanisms, zinc has importance on in�amatory response and tends to decrease during
acute phase by increased zinc uptake into cells which indicates that maintanance of serum zinc level is
necessary in pregnant women with infection. 

Recent study on COVID-19 patients showed that the patients with low zinc level were found higher
complication rate (p:0.009), prolonged hospital stay (p:0.05), received corticosteroid therapy  (p:0.02)and
increased mortality rates  (18.5% vs %0). Odds ratio of complications with low level serum zinc was
found to be 5.54 [22]. Our study was the �rst study which investigates zinc status in pregnant women
with COVID-19 and similar results were found about zinc and COVID-19 relation such as  in the literature.

Our data showed that serum copper level elevated in pregnant women with COVID-19 in �rst and third
trimester besides natural increase during pregnancy as it can be seen in Figure 4. We observed control
serum copper levels increased during the trimesters but according to t test results, COVID-19 patients had
higher copper level than control. Our study is the �rst study which indicates higher serum copper levels in
COVID-19 infection however considering the other infectious diseases, there are similar results in the
literature. Huang et al showed that serum copper and urinary copper levels were increased in chronic
Hepatitis B patients compared to control [23]. Serum copper level was found higher in HIV patients
compared to control [24]. 

The decrease in zinc level with increase in copper level leads to very signi�cant decrease in Zn/Cu Ratio
of pregnant women with COVID-19 infection. It is well-known that zinc and copper have balanced
mechanism in human body therefore these results suggest that impaired Zn-Cu balance is also related
with outcomes. As it can be seen in correlation analysis, Zn/Cu ratio showed correlation with
in�ammatory and acute phase markers including IL-6, CRP, ESR, procalcitonin. 
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Is the increase in magnesium levels cause or consequence?

As an important result of our study, serum magnesium level was increased during pregnancy in COVID-19
group and it was observed that serum magnesium levels were higher in COVID-19 pregnant women in the
�rst and third trimesters than control pregnant women. Our correlation results showed that serum
magnesium level might have negative role on WBC, neutrophil, lymphocyte cell concentrations and which
might explain the correlation between serum magnesium level and CRP level in the third trimester. These
results indicate that higher level magnesium might have negative role on COVID-19 infection or infection
cause higher level of serum magnesium in pregnant women. This is the �rst study which showed
magnesium status in pregnant women with COVID-19 infection. However, considering  the other cases in
the literature there are  interesting results.

In the study of Ha�zi et al., they observed higher level of serum magnesium in helicobacter pylori positive
kidney transplant patients compared to helicobater pylori negative ones (p:0,0005). They mentioned that
higher level of magnesium might aggravates H. pylori infection in kidney transplant patients [25].

It was observed in an another study on visceral leishmaniasis (VL) infectious disease that chronic LV
patiens had signi�cantly higher serum magnesium level compared to both acute LV patients and healthy
controls. They suggests that higher level of serum magnesium may down-regulate nitric oxide production
which may be related to the chronic state of the disease.  Also Mg2+dependent ecto-ATPase activity in
parasite may avoid the microbicidal activity of macrophages. Furthermore they found the decreased level
of zinc and increased level of copper as well as increased level of magnesium in only chronic VL patients
which researcher thought that might be predictive for clinical evaluation of chronic stage of VL infection
[26]. Another similar result was observed in malaria patients that serum magnesium level was increased
nearly 3 fold than controls. They mentioned increase of magnesium levels might be depended on
hemolysis because red blood cells contain high amounts of magnesium [27]. In another study the
association was found with magnesium levels on admission and 30-day mortality in patients with
pneumonia. While hypomagnesemic (<1.35 mg/dl) patients had 18.8% mortality, normomagnesemic
(1,35-2 mg/dl) patients had 14.8% and hypermagnesemic (>2.4 mg/dl)had 50% mortality ratio. Even,
magnesium levels within the upper normal limit (2–2.4 mg/dl), were also associated with 30.3% mortality
rates. The adjustments for several clinical parameters such as albumin, BUN and age didn’t change the
results [28].

Conclusion
This study indicated that while serum zinc level was decreased in pregnants with COVID-19, serum
copper and magnesium levels were increased compared to controls. It was the �rst  time that the
correlation between  the zinc, copper and magnesium changes and acute phase reactants were shown in
COVID-19 infection. These results showed zinc relation with COVID-19 disease which is recently debating.
Furthermore, magnesium increase in pregnant women with COVID-19 should be concerned as
magnesium is used as medication in obstetric �eld for especially in the treatment of cramps. Further
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research would be needed  to evaluate the effects of trace elements on COVID-19 in pregnant and in
general population which was shown with this study �rst time to date.
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Variables SARS-CoV-2 (+) Control

Mean

Median

SD

Min-Max

Mean

Median

SD

Min-Max

Age

year

1st Trimester 28* 17-38 26* 19-34

2nd Trimester 29 18-41 27 17-41

3rd Trimester 30 22-41 26 19-41

BMI

kg/m2

1st Trimester 25,65 3,96 25,60 4,46

2nd Trimester 26,72 3,32 26,02 5,14

3rd Trimester 29,11 5,68 28,36 3,34

Gestational Age 1st Trimester 8,5 5-14 9 5-14

2nd Trimester 25 17-28 25 15-28

3rd Trimester 35 29-39 35 28-40

Gravidity 1st Trimester 2 1-7 2 1-4

2nd Trimester 2 1-7 2 1-6

3rd Trimester 2 1-7 2 1-5

Parity 1st Trimester 1 0-5 1 0-2

2nd Trimester 1 0-6 1 0-5

3rd Trimester 1 0-4 1 0-3

WBC

per ml

1st Trimester 5380** 3320-15620 8300** 3630-12860

2nd Trimester 5970*** 3490-10810 9435*** 4040-15030

3rd Trimester 8050*** 3930-14380 9220*** 5400-14140

Neutrophil

per ml

1st Trimester 3735* 1710-14030 5710* 2150-9460

2nd Trimester 4310*** 2350-8140 6635*** 2750-11450

3rd Trimester 5950*** 2100-10160 6810*** 3830-10110

Lymphocyte

per ml

1st Trimester 1270*** 520-2600 1900*** 460-2850

2nd Trimester 1160*** 360-2220 1815*** 930-3200
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3rd Trimester 1280*** 350-3330 1700*** 1070-3230

CRP

mg/dl

1st Trimester 13,2* 14,48 7,36* 7,9

2nd Trimester 29,49* 52,71 7,27* 4,92

3rd Trimester 22,93* 27,88 5,11* 3,20

ESR

 

1st Trimester 29,40*** 5,71 15,78*** 7,48

2nd Trimester 30,27 11,76 28,03 13,65

3rd Trimester 37,90 15,85 35,43 15,40

IL-6

pg/ml

1st Trimester 8,53** 7,88 3,56** 0,841

2nd Trimester 9,73 11,19 5,82 9,82

3rd Trimester 18,99 24,63 3,80 1,10

Procalcitonin

ng/ml

1st Trimester 0,037** 0,01 0,026** 0,005

2nd Trimester 0,35 1,73 0,026 0,005

3rd Trimester 0,05 0,04 0,03 0,01

Ferritin

ng/ml

1st Trimester 39,44 50,35 22,78 20,21

2nd Trimester 61,03 156,11 14,10 9,17

3rd Trimester 31,39 38,95 13,45 16,20

Haemoglobin

g/dl

1st Trimester 12,46 1,08 12,86 1,04

2nd Trimester 11,20* 1,14 12,05* 0,99

3rd Trimester 10,96** 1,16 11,46** 0,98

Hematocrit

 %

1st Trimester 37,45* 2,80 38,97* 3,15

2nd Trimester 34,25* 3,43 37,12* 2,93

3rd Trimester 33,58** 3,22 35,62** 2,66

BUN

mg/dl

1st Trimester 18,55 4,80 19,63 5,61

2nd Trimester 14,36* 4,08 17,59* 3,90

3rd Trimester 16,39** 7,25 16,85** 4,35
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Creatinine

mg/dl

1st Trimester 0,53 0,08 0,55 0,07

2nd Trimester 0,45 0,09 0,47 0,08

3rd Trimester 0,47 0,09 0,47 0,08

ALT

IU

1st Trimester 29,26 26,15 20,75 17,46

2nd Trimester 31,90* 33,70 18,90* 8,39

3rd Trimester 20,63* 13,59 13,55* 13

AST

IU

1st Trimester 22,41* 15,25 14,57* 7,64

2nd Trimester 41,87* 63,91 15,59* 4,47

3rd Trimester 23,03* 13,12 15,35* 3,96

ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, BUN: Blood urea nitrogen, CRP: C-
Reactive Protein, ESR: Erythrocyte Sedimentation Rate , IL: Interleukine, IU: International Unit, SD: Standart
Deviation, WBC: White Blood Cell. *p<0.05, **p<0.01, ***p<0.001

 

Figures
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Figure 1

Trace element results in �rst trimester of SARS-Cov-2 (+) and control group.(Mean ± SD, *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001).
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Figure 2

Trace element results in second trimester of SARS-Cov-2 (+) and control group.(Mean ± SD, *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001).
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Figure 3

Trace element results in third trimester of SARS-Cov-2 (+) and control group.(Mean ± SD, *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001).
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Figure 4

Changes in trace element concentrations of SARS-CoV-2 (+) and control groups during pregnancy
according to trimesters.


