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Abstract
COVID-19-attributed case and death rates for the U.S.A. were analyzed through May 2020
in three ways – for all 50 states, the country’s largest counties, and the largest counties in
California – and found to be statistically significantly higher for states and counties with
compared to those without 5G millimeter wave (mmW) technology. 5G mmW index was a
statistically significant factor for the higher case and rates in all three analyses, while
population density, air quality and latitude were significant for only one or two of the
analyses. For state averages, cases per million were 79% higher (p = 0.012), deaths per
million were 94% higher (p = 0.049), cases per test were 68% higher (p = 0.003) and deaths
per test were 81% higher (p = 0.025) for states with vs. without mmW. For county averages,
cases per million were 87% higher (p = 0.005) and deaths per million were 165% higher (p
= 0.012) for counties with vs. without mmW. While higher population density contributed
to the higher mean case and death rates in the mmW states and counties, exposure to mmW
had about the same impact as higher density of mmW states on mean case and death rates
and about three times as much impact as higher density for mmW counties on mean case and
death rates. Based on multiple linear regression, if there was no mmW exposure, case and
death rates would be 18-30% lower for 5G mmW states and 39-57% lower for 5G mmW
counties. This assessment clearly shows exposure to 5G mmW technology is statistically
significantly associated with higher COVID-19 case and death rates in the U.S.A. The
mechanism–should this be a causal relationship–may relate to changes in blood chemistry,
oxidative stress, an impaired immune response, an altered cardiovascular and/or neurological
response.
Keywords: 5G; millimeter waves; radiofrequency; RF; microwave radiation; microwave
sickness; wireless; electromagnetic fields; EMF; EMR; EMI; EHS; COVID-19; SARSCoV-2
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1. Introduction
The first documented case of
COVID-19 was reported in Wuhan, China
in December 2019. To prevent its spread,
the U.S. blocked travel from China on
January 31st and declared a National
Emergency on March 13th, 2020. After the
World Health Organization (WHO)
declared it a pandemic on March 19, 2020,
the U.S. began quarantine and stay-athome orders to slow the virus’ spread and
to “flatten the curve”. Despite these
precautions, the virus spread quickly in the
U.S. and around the globe.
The infectious agent was named
severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) due to
genetic similarity to SARS-CoV that
caused a pandemic in 2002-4. The disease
associated with SARS-CoV-2 is COVID19, which is an abbreviation for
Coronavirus Disease 2019 associated with
SARS-CoV-2.
According to the U.S. Centers for
Disease Control the epidemiological
triangle for infectious diseases consists of
the agent, the host and the environment.
While attention has focused on the agent
(genetics, modes of infection, etc.) and the
host (age and comorbidities), little
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attention
has
focused
on
key
environmental factors. These include but
are not limited to air quality since this was
initially identified as a respiratory illness,
population density for person to person
transmission,
and
electromagnetic
radiation since COVID-19 appeared after
5G was implemented and many of the
COVID-19 symptoms resemble those of
microwave sickness.
As of September 18, 2020,
according to Johns Hopkins University,
the cases are not uniformly distributed
globally (Figure 1). Many factors may
account for this: testing differences, per
capita income, standard of health care,
population
demographics,
and
environmental factors among others. This
paper focuses on four environmental
factors that may relate to the spread and
fatality of this disease: population density,
air pollution, latitude (which determines
potential
endogenous
vitamin
D
production) and presence of 5G mmW
technology, which is present in
combination with frequencies used in
previous
generations
of
wireless
communications from 1G to 4G and does
not replace them. These data, along with
COVID-19 case and death data, were
readily available for the United States.
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Figure 1. Data for COVID-19 (as of September 18, 2020) and rollout of 5G as of September
2020.
Germany (110), Denmark (106), Monaco
As of August 9, 2020, the U.S. was
(102), Oman (100), Bahrain (95), and
#1 out of 213 nations in the world for the
Saudi Arabia (91).
highest number of total COVID-19 cases
Three radio frequency bands are
at 5.2 million, with 15,698 cases per
used in 5th Generation (5G) wireless
th
million (9 highest) and 500 deaths per
communications. The low band refers to
million (10th highest) [1].
frequencies below 1 GHz; the mid band to
The rollout of 5G technology is to
frequencies between 1 GHz and 6 GHz,
support the Internet of things (IoT). As of
and the high band to the millimeter waves
January 2020, 31 countries had working
(mmW), which are 24 GHz and above. The
5G networks globally [2-5] In the top
U.S. telecommunication companies began
quartile of the highest ranking countries
using
mmW
for
5G
wireless
for COVID-19 deaths per million, 16 of
communications in 2019 after their
them had working 5G networks; while
acquisition of the mmW spectrum, making
only 7 countries had 5G in the 2nd highest
the U.S. the first country in the world to
quartile; 6 in the 3rd highest quartile and
use mmW for 5G. In June 2019, FCC’s
only 2 in the bottom quartile. In the top
Auction 101 for 28 GHz sold for $700
quartile, the 5G countries with higher
million and Auction 102 for 24 GHz sold
deaths per million than the U.S. were San
for $2 billion [6], and in March 2020, 37,
Marino (1238), Belgium (851), U.K.
39 and 47 GHz bands in Auction 103 sold
(686), Spain (610) and Italy (582). The
for $7.5 billion [7], generating a total of
other countries with 5G in the top quartile
$10 billion for the U.S. government. As of
with fewer deaths per million than the U.S.
February 2020, European countries were
were Ireland (358), Switzerland (229),
still not using mmW for 5G [8], and other
South Africa (175), Romania (140),
countries have used only the low and mid
Copyright 2021 KEI Journals. All Rights Reserved.
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band frequencies for 5G. To achieve
higher speeds for 5G, densification of
antennas has occurred worldwide. Also,
because mmW have shorter wavelengths
(higher frequencies) than that used for 1G
to 4G, they are more susceptible to
interference from obstructions, thus
requiring more transmitters closer to users,
which have been added to streetlamps and
utility poles in some cities. The shorter
distance and higher density of mmW
antennas translates into higher radiation
exposures, as acknowledged by the FCC’s
2019 Notice of Proposed Rulemaking 19126 [9] to increase the current RF exposure
limits four-fold to accommodate 5G mmW
devices and infrastructure.
If environmental exposure to 5G
mmW increases the severity of COVID-19
or other viral infections, then the rapid
rollout of 5G technology should be
reconsidered.
2. Methods
2.1 COVID-19 Attributed Cases and
Deaths
Data for number of cases, deaths,
and
tests
for
COVID-19
from
Worldometer was assessed on April 22,
2020, May 15, 2020, and May 31, 2020
[1]. Data collection was stopped on May
31, 2020 because the nationwide
quarantine effectively ended by that time
as people in major cities all around the
country broke quarantine when they
gathered in crowds and some states began
lifting their stay-at-home orders.
2.2 Variables: Air Quality Index,
Latitude, Population Density and mmW
Index
A mmW exposure index was
calculated based on the sum of the total
population of the cities serviced by mmW
5G by each provider in a county or state,
divided by the total population of that
county or state. This factor is not a
Copyright 2021 KEI Journals. All Rights Reserved.
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calculation of the mmW exposure level but
a differentiation between the different
exposure levels in each state and county
based on the number of mmW providers
and the number of mmW cities and their
population in those counties or states,
which is necessary for statistical analysis.
Population density data were
obtained from Wikipedia, which are
calculated from population data from the
U.S. Census divided by the area of the
state or county. Air Quality Index (AQI)
data from 2019 from the EPA were
included in the analysis for states and
counties. Latitude, which may relate to
potential production of endogenous
vitamin D associated with sun exposure,
was also included in the analysis for
counties.
2.3 States and Counties with and without
5G mmW Networks
Cities with 5G mmW networks
were chosen for analysis because the most
frequencies for wireless communications
(5G mmW plus low and mid band 5G as
well as frequencies from previous
generations 1G to 4G) and the highest RF
exposures due to the increased number of
small cell antennas for 5G and their
placement close to users would be present
there. Even though urbanization and high
density may be part of the criteria for
choosing where to locate 5G mmW, and
therefore it may seem appropriate to adjust
the case and death rate data for
urbanization and density, it is actually
NOT appropriate to do so for this analysis.
The higher the urbanization and density in
an area, the higher the levels of RF
radiation present because of the higher
density of cell phone towers, Wi-Fi hot
spots, cell phones and Wi-Fi routers
present in highly urbanized or dense areas.
To adjust the data for urbanization and
density would therefore remove the effect
of higher levels of RF radiation present in
http://journals.ke-i.org/index.php/mra
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highly urbanized or dense areas.
Therefore, case and death rate data and
charts were not adjusted for density or
urbanization. However, multi-variate
analysis was done to determine if
urbanization or density, along with AQI
and latitude, were statistically significant
factors in the case and death rates using
multiple linear regression, and then their
contributions relative to the contribution
from 5G mmW to the case and death rates
were calculated.
Counties and states with mmW 5G
service were determined from the websites
of the wireless providers AT&T [10], TMobile [11], and Verizon [12] which
specified the cities that they service with
mmW 5G (Table 1). There were no
changes in the cities using mmW for 5G
between April 22 and May 31, 2020.
The data were analyzed three ways
to determine robustness: at the state level,
at the county level, and for the largest
counties in California.
In this analysis, 32 states were
using mmW 5G and 18 states were not. All
counties using mmW for 5G were included
except for Hampton Roads, VA, because it
spanned a combination of 16 counties and
cities which made its analysis difficult; so,
a total of 53 counties using mmW 5G were
used.
The counties not using non-mmW
were from the largest 120 cities in the U.S.
according to the U.S. Census Bureau.
After omitting the counties that contained
cities with mmW 5G service, 49 counties
were left that did not have mmW 5G
technology. There are thousands of
counties in the U.S., and because only the
ones containing the 120 largest cities were
included, some states were not represented
in the county analysis. The states not
represented in the county analysis (but
included in the state analysis) are: VA, CT,
DE, ME, MS, MT, NH, ND, RI, SC, VT,
WY.
Copyright 2021 KEI Journals. All Rights Reserved.
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California, the most populated
state in the U.S., has 60 counties in total
and six counties with 5G mmW
technology. The counties that did not use
5G mmW technology chosen for
comparison included only those with a
population of 500,000 or greater, of which
there were 11.
Pearson’s
correlations
were
calculated for the case and death rates with
the four variables population density,
mmW index, AQI, and latitude. Twosample t-test was used to compare case and
death rates of 5G mmW states and counties
to that of non-5G mmW states and
counties, and statistical significance was
defined to be p <0.05 with alpha = 0.05.
Regression analyses were performed to
find regression equations for the case and
death rates and identify statistically
significant variables at p < 0.05. The
numbers of cases per test and deaths per
test were analyzed at the state level but not
at the county level due to missing data.
3. Results
3.1 U.S. Compared to European
Countries
Whereas none of the European
countries was using mmW for 5G as of
February 2020 and mmW spectrum was
not even assigned to any European country
except Italy [8], the U.S. began using
mmW for 5G in 2019. Of the 10 European
countries (with populations greater than 2
million) with the highest numbers of
COVID-19 deaths per million through
August 9, 2020 [1], deaths per million
were significantly higher for those
countries with 5G compared to non-5G
and this difference was statistically
significant (617 vs. 383, p = 0.026) (Table
2).
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Table 1. Cities with mmW 5G Coverage
and Provider from April 22 to May 31,
2020. Source: AT&T [10], T-Mobile [11],
Verizon [12].
City

State AT&T
GA

X

Austin

TX

X

Baltimore

MD

X

Charlotte

NC

X

Chicago

IL

X

Cincinnati

OH

X

Cleveland

OH

Columbus

OH

Dallas

TX

Denver

CO
IA

Detroit

MI

Table 2. Top 10 Ranking European
Countries for COVID-19 Deaths/Million
for 5G * vs. Without 5G through August
9, 2020. Source: Worldometer [1]

T-Mobile Verizon

Atlanta

Des Moines
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X

X

X

X

X

X
X
X

Rank #
Rank #
Deaths per
Deaths per
Million out of
Million out of
European
213 Countries
Countries
Worldwide (pop. > 2 million)

Country

Population

Total
Deaths
per
Million

2
3
6
7
17

1
2
3
4
8

Belgium *
U.K. *
Spain *
Italy *
Ireland *

11,595,151
67,924,946
46,756,796
60,451,842
4,943,652

851
686
610
582
358

8
12
16
22
23

5
6
7
9
10

Sweden
France
Netherlands
Armenia
N. Macedonia

10,106,111
65,289,486
17,139,065
2,963,856
2,083,364

570
464
359
267
253

U.S.*

331,214,010

500

X
X
X

X

Grand Rapids

MI

X

Greensboro

NC

X

Hampton Roads

VA

X

Hoboken

NJ

Houston

TX

Indianapolis

IN

X
X

X
X

Jacksonville

FL

Kansas City

MO

X

King of Prussia

PA

X

Las Vegas

NV

X

X

Little Rock

AR

Los Angeles

CA

X

X

Louisville

KY

X

Memphis

TN

Menlo Pk, Rdwd City, San Bruno

CA

X

Miami

FL

X

Miami Gardens (AT&T only)

FL

X

Minneapolis

MN

Nashville

TN

X

New York City

NY

X

Oakland

CA

X

Ocean City

MD

X

Oklahoma City

OK

X

Omaha

NE

Orlando

FL

U.S. For Comparison

Mean 5G European Countries
Mean non-5G European Countries
p-value of T-test, with vs. without 5G

617
383
0.0257*

X

X
X

X

X

X

X

X

X
X

Panama City

FL

Philadelphia

PA

X

X

Phoenix

AZ

X

Raleigh

NC

X

Salt Lake City

UT

San Antonio

TX

X

San Diego

CA

X

San Francisco

CA

X

San Jose

CA

X

Sioux Falls

SD

X

Spokane

WA

X

St. Paul

MN

Waco

TX

Washington

DC

West Hollywood

CA

X

X

X
X
X
X
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The 500 deaths per million for the
U.S. are within the range of the 5G
European
countries.
Because
of
differences in testing and criteria for how
cases are counted between U.S. and
European countries, deaths per million is
the most consistent number to use for
comparison between countries. However,
there are still other differences between the
U.S. and European countries - per capita
income, standard of health care,
population demographics, quarantine
measures, and environmental factors like
air pollution - that complicate comparison
between countries. Nevertheless, these
data are provided to show how the U.S.
compares to the top 10 European countries
with the highest deaths per million, with
and without 5G.
3.2 States with vs. without 5G mmW
There were 32 states with 5G
mmW and 18 states without 5G mmW.
Descriptive statistics for the cumulative
http://journals.ke-i.org/index.php/mra

Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021

data through April 22, which was just after
the peak of daily deaths for COVID-19 had
occurred on April 21 (Figure 2), can be
found in Table 3. The average rate of cases
and deaths was much higher for the mmW
states compared to the non mmW states,
and these differences were statistically
significant with p-values between 0.005 to
0. 046 (Table 3 and Table 4A). There were
almost twice as many cases per million
(2,500 vs. 1,288, ratio 1.94) and more than
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twice as many deaths per million (126 vs.
55, ratio 2.29) for states with vs. without
mmW technology. For mmW states
compared to the non-mmW states, there
were almost twice as many cases/test
(15.5% vs. 8.82%, ratio 1.76) and twice as
many deaths/test (0.721% vs. 0.364%,
ratio 1.98). The fatality rate (deaths per
case) was higher for the mmW states but
was not statistically significant (4.13% vs.
3.50%, ratio 1.18, p = 0.081).

Figure 2. COVID-19 daily new deaths peaked at 2,748 on April 21, 2020 in the U.S.
Source: Worldometer [1]
Table 3. Descriptive statistics through April 22, 2020 (after peak of daily deaths occurred)
for states with and without 5G mmW for population, mmW index, COVID-19 tests, air
quality index (AQI), and number of COVID-19 attributed cases and deaths. Statistical
significance is indicated by * (p < 0.05) and ** (p < 0.01).

States
with 5G mmW
with 5G mmW
with 5G mmW

n
max
32 mean
min

without 5G mmW
max
without 5G mmW 18 mean
without 5G mmW

p-value of t-test
Ratio of means

min

State
Population

Population
Density
(people
per sq.
km)

39,937,489
8,752,116

467
91.7

1.284
0.207

51.2
43.4

39,487
14,378

13,368
2500

903,027

4.29

0.006

33.5

7,224

492

10

4.50%

0.07%

0.47%

8,626,207
2,639,561

287
50.2

0
0

47.6
40.0

21,540
14,324

6274
1288

431
55

32.10%
8.80%

2.20%
0.40%

6.90%
3.50%

567,025

0.502

0

21.2

6,567

412

8

2.30%

0.00%

1.30%

0.49

0.027 *

0.046 *

1.99

2.33

0.0002 **

0.062

3.32

1.83

mmW
index

AQI

Tests
per
Million

Cases
per
Million

7.3E-06 ** 0.025 *
N/A

Copyright 2021 KEI Journals. All Rights Reserved.

1.09

1.00

Deaths
per
Million

%
Cases
per Test

%
Deaths
per
Test

%
Deaths
per
Case

1037
126

51.60%
15.50%

3.04%
0.72%

8.30%
4.13%

0.005 ** 0.022 *
1.77

http://journals.ke-i.org/index.php/mra

1.81

0.081
1.18
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Data from May 15 and May 31
show the same pattern as for April 22, with
statistically
significant
higher
cases/million, deaths/million, cases/test,
and deaths/test for the mmW states
compared to the non mmW states. For data
cumulative through May 31, 2020,
comparing mmW to non-mmW states,
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there were 5776 vs. 3220 cases per million
(ratio 1.79, p = 0.012); 307 vs. 158 deaths
per million (ratio 1.95, p = 0.049); 9.88%
vs. 5.88% cases per test (ratio 1.68, p =
0.003); and 0.494% vs. 0.270% deaths per
test (ratio 1.83, p = 0.025) (Table 4B & C;
Figure 3A & B; Figure 4A & B).

Table 4. Case and death rates attributed to COVID-19 and Pearson’s Correlations for
population density, mmW index and their interaction for U.S. states for cumulative data
through (A) April 22, 2020; (B) May 15, 2020; and (C) May 31, 2020. Statistical significance
is indicated by * (p < 0.05) and ** (p < 0.01). NOTE: YTD is year to date.

Copyright 2021 KEI Journals. All Rights Reserved.
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Figure 3. COVID-19 attributed case/million (A) and deaths/million (B) for states with and
without 5G mmW for data through May 31, 2020.

Figure 4. Percentage of COVID-19 attributed cases/test (A) and deaths/test (B) for states
with and without 5G mmW technology for data through May 31, 2020. Note: different
scale.
Copyright 2021 KEI Journals. All Rights Reserved.

http://journals.ke-i.org/index.php/mra

Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021

3.3 Counties with vs. without 5G
mmW
Data for 53 counties with 5G
mmW and 49 counties without 5G mmW
were analyzed. Comparing mmW to nonmmW counties, there were 7100 vs. 3797
cases per million (ratio 1.87, p = 0.005)

Page 10 of 32

and 446 vs. 168 deaths per million (ratio
2.65, p = 0.012), and these differences
were statistically significant. The fatality
rate, which is deaths/cases, was higher for
the mmW counties (4.70% vs. 4.07%, ratio
1.15), but this difference was not
statistically significant (Table 5; Figures
5A and 5B).

Figure 5. COVID-19 attributed cases/million (A) and deaths/million (B) for counties
with and without 5G mmW technology through May 31, 2020. Note: different scale.

Copyright 2021 KEI Journals. All Rights Reserved.
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Table 5. Descriptive statistics and Pearson’s Correlations for U.S. counties through May
31, 2020 with and without 5G mmW for population, population density, mmW index, air
quality index (AQI), latitude and number of COVID-19 attributed case and death rates.
Statistical significance is indicated by * (p < 0.05) and ** (p < 0.01).

Counties in U.S.

County
Population

n

Population
Density
(people
per sq. km)

mmW
index

AQI

3.00
0.862
0.02

with 5G mmW
with 5G mmW
with 5G mmW

53

max
mean
min

10,105,518
1,509,298
51,823

26,822
2,108
28.6

without 5G mmW
without 5G mmW
without 5G mmW

49

max
mean
min

3,185,968
852,626
119,648

5,360
514
27

p-value of t-test
Ratio of means

0.005 **
1.77

0.007 **
4.11

Pearson's Correlation to Pop. Density
Pearson's Correlation to PopDensity*mmW
Pearson's Correlation to mmW
Pearson's Correlation to Air Quality Index
Pearson's Correlation to Latitude

3.4 California Counties with vs.
without 5G mmW
Data for six counties with 5G
mmW and 11 counties with a population
of 500,000 or greater without 5G mmW in
California were analyzed. The six counties
with 5G mmW technology were San
Francisco, Los Angeles, San Diego,
Alameda, Santa Clara, and San Mateo. The
11 counties that did not have 5G mmW
technology were Orange, San Bernardino,
Contra Costa, Sacramento, Riverside,
Kern, Fresno, Ventura, San Joaquin,
Stanslaus, and Sonoma. The mmW
counties had higher average cases per
million (2750 vs. 1679, ratio 1.64, p =
0.06) and significantly higher average
deaths per million (102 vs. 52, ratio 1.96,

Copyright 2021 KEI Journals. All Rights Reserved.

0
0
0

Latitude

Cases
per
Million

Deaths
per
Million

%
Deaths
per
Case

71.0
44.0
27.0

47.7
37.5
25.8

32,064
7,100
463

3,105
446
16

11.7%
4.70%
0.84%

80.0
43.7
22.0

61.2
36.9
21.5

22,141
3,797
430

2,081
168
0

10.7%
4.07%
0.00%

3E-11 ** 0.44
N/A
1.01

0.31
1.02

0.005 **
1.87

0.012 **
2.66

0.594
0.508
0.615

0.699
0.676
0.709

0.430
0.446
0.371

-0.212
0.268

-0.169
0.228

-0.072
0.199

0.11
1.15

p = 0.064 and higher fatality rate (3.75%
vs. 3.01%, ratio 1.25, p = 0.131) than that
of the non-mmW counties (Table 6).
3.5 Pearson’s Correlations
A Pearson’s correlation coefficient
assesses the relationship between two
variables. The correlation coefficient is
considered very strong between +0.7 and
+1; strong between ± 0.5 and ± 0.7, and
moderate between ± 0.3 and ± 0.49.
Pearson’s
correlations
of
cases/million, deaths/million, cases/test,
and deaths/test to air quality index, latitude
population density, and mmW index were
calculated. The results are in Table 4 for
states, Table 5 for counties, and Table 6 for
California.

http://journals.ke-i.org/index.php/mra
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Table 6. Descriptive statistics and Pearson’s Correlations for California counties through
May 31, 2020 with and without 5G mmW for population, population density, mmW index,
air quality index (AQI), latitude and number of COVID-19 attributed case and death rates.
Statistical significance is indicated by * (p < 0.05) and ** (p < 0.01).

County
Population

Population
Density
(people
mmW
per sq. km) index

Counties in California

n

with 5G mmW
with 5G mmW
with 5G mmW

6

max
mean
min

10,105,518
3,117,676
769,545

7,245
1,653
262

11

max
mean
min

3,185,968
1,367,642
499,942

1,352
400
38

without 5G mmW
without 5G mmW
without 5G mmW

p-value of t-test, with vs. without 5G mmW
Ratio of means, with vs. without 5G mmW

0.144
2.28

0.159
4.13

Pearson's Correlation to Pop. Density
Pearson's Correlation to PopDensity*mmW
Pearson's Correlation to mmW
Pearson's Correlation to Air Quality Index
Pearson's Correlation to Latitude

3.5.1 Correlations of Case and
Death Rates with Population
Density
Population density is strongly
correlated with the rates of cases/million,
cases/test and deaths/million, and
deaths/test in the 50 states (r =0.60 to 0.79
for April through May) (Table 4).
Population density is an indicator of
person to person contact as well as the
amount of wireless radiation exposure. For
example, in New York City, many reside
in multi-level apartment buildings where
they are exposed to many Wi-Fi routers
and other wireless devices from closeby
neighbors. In addition, Wi-Fi routers from
certain providers have public Wi-Fi hot
spots that provide service to other
customers. These hot spots give off
enough radiation to wirelessly connect
anyone within a 100 meter radius [13].
Those living in an apartment complex in
the middle of a large urban city are likely
to be exposed to more Wi-Fi hotspots than
those living in single family homes in the
Copyright 2021 KEI Journals. All Rights Reserved.

AQI

1.20
0.61
0.22
0
0
0
0.007 **
N/A

Latitude

Cases
per
Million

Deaths
per
Million

%
Deaths
per Case

71
48
35

37.8
36.2
32.8

5,309
2,750
1,409

231
102
46

5.16%
3.75%
1.62%

80
54
34

38.6
36.2
33.9

3,055
1,679
909

138
52
8

4.53%
3.01%
0.73%

0.060
1.64

0.064
1.98

0.131
1.25

0.250
0.294
0.705

-0.046
-0.006
0.591

-0.292
-0.296
0.157

0.512
-0.470

0.557
-0.481

0.305
-0.210

0.236
0.89

0.498
1.00

suburbs. So even though population
density is a major factor in transmission,
higher population density also inherently
means higher wireless radiation exposure
from neighbors (Table 4 for state data and
Table 5 for county data).
At the county level, population
density was also found to be strongly
correlated with the case and death rates.
Pearson’s
correlations
between
cases/million and population density was
0.594, between deaths/million and
population density was 0.699, and between
deaths/cases and population density was
moderate, at 0.43 (Table 5). These
correlations for population density are
comparable to those reported in other
studies. A study [14] found a Pearson’s
correlation of ~0.6 for public transit to
COVID-19 cases per million, and a ~0.5
correlation for population density to
COVID-19 cases per million. A Brazilian
study reported a negative correlation
between COVID-19 cases and temperature
(r = -0.38) and a positive relationship
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between COVID-19 cases and population
density (r = 0.51) [15].
3.5.2 Correlations of Case and Death
Rates with Millimeter Wave Exposure
The mmW index is moderately to
strongly correlated with cases per million,
cases per test, deaths per million, and
deaths per test for the 50 states. For
cumulative data through April 22, 2020,
the Pearson’s correlations with the mmW
index for the cases/million (r = 0.479) and
deaths/million (r = 0.580) were the highest
of the correlations from the data from
April and May. From April to May, the
same correlations trended downward
slightly, but multiple linear regression
with cumulative data through May 31,
2020 determined that mmW index was a
statistically significant factor in the case
and death rates, which is discussed later.
The correlation between population
density and mmW index is very low at
0.072, meaning that population density
and mmW index are not correlated to each
other, and that a high mmW index area is
not necessarily a high density area. This is
important, because it means that the higher
rates of cases and deaths in mmW states
are not solely because of the higher
population density that may be present in
those states.
At the county level, mmW
exposure was also found to be strongly
correlated with the case and death rates.
Pearson’s correlation for the mmW index
and for cases/million was 0.615, for
deaths/million it was 0.709, and for
deaths/cases it was a moderate 0.371
(Table 5).
For California counties, there were
strong correlations between the mmW
exposure index and cases per million (r =
0.705) and deaths per million (r = 0.591),
There were strong correlations also for the
air quality index (AQI) and the cases (r =
0.512) and deaths (r = 0.557) per million
Copyright 2021 KEI Journals. All Rights Reserved.
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(Table 6). However, population density
and latitude were not well correlated with
the cases and deaths per million for
California counties.
3.5.3 Synergy between Population Density
with mmW Exposure
There was a positive interaction
between population density and the mmW
index acting together that was greater than
the effect of population density or mmW
acting singularly on the deaths per million
in the cumulative data through April 22.
This is because the interaction of
population density with mmW index
(PopDensity*mmW) had a higher
correlation (0.783) to deaths/million
(Table 4A) than either the correlation of
population density (0.577) or mmW index
(0.580) alone did with deaths/million,
meaning that the combined action of
population density with mmW index had a
stronger effect on deaths/million than
either population density or mmW index
did singularly.
3.5.4 Correlations of Case and Death
Rates with Latitude and Vitamin D
Latitude is an indicator of potential
sun exposure and vitamin D production.
As latitude increases, the intensity of the
radiation from the sun decreases, which
reduces
endogenous
vitamin
D
production. Higher latitudes have been
found to be partially associated with
increased COVID-19 mortality rates [16].
Low vitamin D levels have been found to
be a risk factor for the COVID-19
complications, which will be discussed
later. Latitude was found to have a weak
correlation with the case and death rates
(0.199 to 0.268 in Table 5), however,
based on regression analysis, which will be
discussed later, latitude was a statistically
significant factor in the case and death
rates.
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3.5.5 Correlations of Case and Death
Rates with Air Quality Index (AQI)
AQI was found to have very little
to weak correlation with the case and death
rates in the state and county analysis for
the U.S. For the states, the correlations
ranged from 0.047 to 0.319 (Tables 4A–
C), and at the county level, the correlations
ranged from -0.212 to -0.072 (Table 5).
For California counties, air quality was
strongly correlated with the cases per
million and deaths per million (r = 0.512
and r = 0.557 respectively, Table 6), and
air quality was a statistically significant
factor for the cases per million and deaths
per million (p = 0.0016 and p = 0.0031
respectively, Table 7)
Air quality does have an impact on
respiratory diseases. AQI ranges from 0500, and air is considered unhealthy above
100, very unhealthy from 201-300, and
hazardous at 301-500. The average AQI
data for all states was between 21.2 to
51.2, indicating relatively clean air, which
may be why AQI did not show up as a
significant factor at the state level.
Furthermore, the AQI used was a yearly
average and not live data, and during the
lockdowns emissions from cars and
industry were significantly reduced, which
likely made the actual air quality that
people were exposed to better than the
AQI data used.
3.6 Multi-Variate Analysis shows
Population Density, Latitude, mmW
Index are Statistically Significant
Factors in the Case and Death Rates
According to multiple linear
regression, at the state level, population
density and mmW index were statistically
significant contributors to the rates of
cases and deaths; urbanization was found
to not be a statistically significant factor
compared to population density and mmW
index. At the county level, population
density, mmW index, and latitude were
Copyright 2021 KEI Journals. All Rights Reserved.
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statistically significant contributors to the
rates of cases and deaths. For California
counties, only the AQI and mmW index
were statistically significant contributors
(p<0.01) to the case and death rates.
For case and death rates, the pvalues for population density were
between 1.02E-13 to 0.0064 for mmW
states and counties; the p-values for mmW
index were between 5.00E-06 to 0.026 for
mmW states, counties, and California
counties; the p-values for latitude were
0.014 and 0.045 for mmW counties; the pvalues for AQI were 0.0016 and 0.0031 for
California counties (Table 7).
All
regression equations and the p-values for
density, mmW index, AQI, latitude are
given in Table 7.
Multi-variate
analysis
using
multiple linear regression showed the
higher mean population density in the
mmW states and counties is not the main
reason for their higher case and death
rates, that mmW index has at least as great
an impact as the higher density. At the
state level, the contribution of the mmW
index is about the same as that from the
higher density, but at the county level, the
contribution from mmW index is at least
three times higher than that from density
(Table 8).
The regression equation for state
cases/million (Table 7) is: Cases/million =
1418 + 32.54 state density + 7100 mmW
index, with an adjusted R2 of 0.732 , which
means that 73.2% of the variation in
cases/million is explained by the state
population density and the mmW index,
and the adjusted R2 measures how close
the data are to the fitted regression
line. Both the state population density and
the mmW index are statistically significant
contributors to the cases/million (p < 0.01
for both, Table 7), and the regression
equation is statistically significant with pvalue = 1.35E-14, which is much less than
p < 0.01 (Table 7). The increase in state
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population density between average mmW
state and average non-mmW state is 91.750.2 = 41.5 (Table 3). So, the contribution
to the mean case/million for mmW states
from its higher average population density
= 32.54*41.5 = 1350 (Table 8). The
increase in mmW index between average
mmW state and average non-mmW state is
= 0.207 – 0 = 0.207 (Table 3). So, the
contribution to the mean cases/million for
mmW states from its mmW exposure
index = 7100 * 0.207 = 1470 (Table 8).
Therefore, the contribution to the mean
cases/million for mmW states from mmW
exposure is almost the same, but slightly
higher than it is from the higher population
density (1470 vs. 1350 out of the 5776
actual cases/million (Table 8). Thus, the
higher mean cases/million for the mmW
states is due to the higher average
population density AND the mmW
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exposure of those states, with the
contribution from each being about the
same.
The regression equations also
predict what the case and death rates
would be if there was no mmW exposure.
For example, the mean cases/million of the
mmW states is 5776 cases/million;
however, if there was no mmW in these
states, the same regression equation
predicts that the mean cases/million would
be 24% lower, at 4403 cases/million
(Table 8).
For all of the case and death rates
for states, counties, and California, the
contributions from the higher population
density and from the mmW exposure of
the mmW states and counties are given in
Table 8, as well as what the predicted case
and death rates would be if there was no
mmW exposure.

Table 7. Regression Equations for data cumulative through May 31, 2020. Statistical
significance is indicated by * (p < 0.05) and ** (p < 0.01).

p-value for
Regression Regression
R^2 adj
(Sig. F)

**

States:
Case/Million = 1418 + 32.54 State Density + 7100 mmW index
Death/Million = 12.2 + 2.46 State Density + 577 mmW index

0.732
0.713

1.35E-14
6.83E-14

Case/Test = 0.0534 + 0.000299 State Density + 0.0606 mmW index
Death/Test = 0.00144 + 2.68E-05 State Density + 0.00480 mmW index

0.427
0.525

7.89E-07
9.73E-09

Counties in US:
Case/Million = -5080 + 0.576 Density + 218 Latitude + 3770 mmW index
Death/Million = -435 + 0.0652 Density + 13.4 Latitude + 361 mmW index

0.448
0.587

2.80E-13
2.10E-19

Counties in CA:
Case/Million = -268+ 36.6 AQI + 2012 mmW index
Death/Million = -49.7 + 1.96 AQI + 83.1 mmW index

0.725
0.610

4.71E-05
5.37E-04

**
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**

p-value
for
Pop.
Density

**
1.0E-13
7.2E-13

**

p-value
for
p-value p-value
mmW
for
for
index latitude
AQI

**
3E-05 not sig.
3E-05 not sig.

not sig.

*

1.2E-06 2.6E-02 not sig.
1.3E-08 1.6E-02 not sig.

**

not sig.

**

not sig.
not sig.

*

6.4E-03 2.5E-04 1.4E-02 not sig.
6.4E-05 5.0E-06 4.5E-02 not sig.

**

**
not sig.
not sig.

9.9E-05 not sig.
2.0E-03 not sig.
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Table 8. Predicted Values and Contributions from mmW index and higher mean density
for mmW state or county for data cumulative through May 31, 2020.
Predicted
Ratio of
Contribution Contribution
Predicted Predicted
from Higher mmW:Higher
by
Change
Predicted Mean Density Mean Density
Actual Regression
if no
Contribution of mmW state of mmW state
Value if no mmW
mmW
from mmW
or county
or county
mmW States:
Mean Case/Million
Mean Death/Million

5776
307

4403
214

-23.8%
-30.4%

1470
119

1350
102

1.09
1.17

9.88%
0.494%

8.09%
0.390%

-18.1%
-21.1%

1.25%
0.099%

1.24%
0.111%

1.01
0.89

mmW Counties in US:
Mean Case/Million
7100
Mean Death/Million
446

4320
204

-39.2%
-54.3%

3260
312

918
104

3.55
3.00

mmW Counties in CA:
Mean Case/Million
2750
Mean Death/Million
102

1487
44.4

-45.9%
-56.5%

1227
50.7

N/A
N/A

N/A
N/A

Mean Case/Test
Mean Death/Test

Figure 6 shows that the mmW
exposure factor is better correlated than
the population density with the case and
death rates, and this is also seen in the
higher R2 for the mmW exposure factor.
For the cases/million, the R2 was 0.501 for
the mmW exposure as a predictor
compared to the R2 of 0.363 for population
density, and for the deaths/million, the R2
was 0.632 for the mmW exposure as a
predictor compared to the R2 of 0.526 for
population density.
These R2 for COVID-19 case and
death rate regressions as a function of
mmW exposure, population density, and
latitude are better than those found by
others. In New York a positive correlation
between COVID-19 cases per million and
population density was R2 = 0.17, p <
0.01, and between cases per million
and public
transportation
commute
ratios, R2 = 0.25, p < 0.01 [17].
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4. Discussion
The world changed in March 2020
after the WHO classified COVID-19 as a
pandemic and as countries closed their
borders and initiated social distancing.
Admittance to hospital intensive care units
(ICU) reached an all-time high in some
places and elderly patients were moved to
nursing homes, where residents and staff
quickly developed fatal symptoms of
COVID-19.
Ventilators, commonly used for
respiratory ailments, were not as effective
as expected and doctors around the world
were sharing their concerns about
treatment protocols that were not working.
Atypical cardiovascular complications
were also being reported, including blood
clots, hypoxia, arrhythmia, lower
hemoglobin levels and strokes even in
younger patients [18-19].
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Figure 6. Regression plot for 53 counties with 5G mmW technology for COVID-19
attributed cases/million and deaths/million as a function of population density (A & B) and
as a function of 5G mmW exposure (C & D) through May 31, 2020.
COVID-19 was clearly different
than previous viral respiratory illnesses,
and one theory was proffered that COVID19 may be associated with the rollout of
5G mmW technology, which had occurred
just prior to the first cases of COVID-19 in
China [20].
Our results show a statistically
significant increase between the COVID19 attributed cases and deaths in states and
counties in the U.S. with vs. without 5G
mmW technology. States with 5G mmW
technology had excess cases and excess
deaths per million when compared to
states without this technology, which was
the case for three different dates: April 22,
May 15 and May 30. When we examined
U.S. counties, to determine how robust this
relationship was, we got the same trend.
Multiple linear regression and
Pearson’s correlation coefficients have
shown that the mmW index was
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statistically significant to the case and
death rates in the analyses for states,
counties, and California counties, i.e., in
all three analyses, while population
density was statistically significant for two
of the analyses, and air quality index and
latitude were statistically significant for
only one of the analyses.
4.1 COVID-19 Anomalies and Wireless
Radiation
There are some unique anomalies
in COVID-19 that distinguish it from other
viral infections. These anomalies are
multiple blood clots that form in organs
and blood vessels, severe inflammation,
hypoxia and hypoxemia, and skin lesions
even in those who test negative for SARSCoV-2 (suggesting that their symptoms
may be due to something other than
SARS-CoV-2), and symptoms lingering
for months after initial onset of the
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infection that resemble microwave
sickness symptoms. The interesting thing
about these anomalies are that RF
exposure can exacerbate all of them.
Some COVID-19 patients report
they have been sick for many months,
despite testing negative for the SARSCoV-2 virus, with numerous symptoms of
microwave sickness. Microwave sickness,
which the World Health Organization
refers to as idiopathic environmental
intolerance attributable to electromagnetic
fields (IEI-EMF), is the medical term for
the syndrome of symptoms that result from
chronic exposure to non-ionizing
radiation. It is also referred to as
electromagnetic sensitivity per the
Americans with Disabilities Act (ADA) or
electrohypersensitivity (EHS) in some
scientific
studies.
However,
electromagnetic illness (EMI) is perhaps a
more appropriate term since RFR exposure
has the potential to affect all humans and
not only those who are highly sensitive to
this radiation. Most of the symptoms that
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these long COVID-19 patients have in
common with microwave sickness are
headaches,
fatigue,
difficulty
concentrating,
memory
problems,
insomnia, cardiovascular abnormalities
like palpitations and tachycardia, tinnitus,
anxiety, depression, and skin lesions
according to a COVID-19 Survey Report
by Indiana University School of Medicine
[21]. At least 24 of the long COVID
symptoms reported in the survey are also
symptoms of microwave sickness, aka
EHS [22] (Figure 7).
Wireless radiation is a toxic
substance that degrades the immune
system, and “[e]xposure to myriad toxic
substances degrades the immune system,
whose dysfunction is then exploited by
SARS-CoV-2 to result in COVID-19,” [23].
A recent Russian study found a strong
correlation between a country’s exposure
limits for RF radiation and COVID-19
deaths per million (r=0.577) and deaths per
cases (r=0.551) [24].

Figure 7. Prevalence of symptoms common to both COVID-19 and Electrohypersensitivity
(EHS). Sources: *[21], **[22]
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4.2 Common Mechanisms of Harm and
Synergistic Effects between RF Radiation
and COVID-19.
Radio frequency radiation (RFR)
shares some mechanisms of harm with
SARS-CoV-2
which
could
act
synergistically with SARS-CoV-2 to
promote and prolong infection. As
explained below: (1) RFR impairs the
immune system which would contribute to
a greater number of people becoming
infected and dying from disease [25-28];
(2) RFR is known to increase free-radicals
and contribute to oxidative stress, leading
to increased inflammation [29-33]; (3)
RFR affects the blood, heart, and
autonomic nervous system resulting in
some
combination
of
hypoxia,
tachycardia,
arrhythmia,
rouleaux
formation, and sympathetic up-regulation
[34-36]; (4) RFR interferes with the
body’s repair mechanisms [37-39]; and (5)
a growing population (between 1% – 10%)
in developed countries is unable to tolerate
current levels of RFR [40-41], developing
symptoms of microwave sickness that are
similar to those reported for long COVID19 (Figure 7).
Microwave sickness is triggered by
our increasing exposure to RFR emitted by
mobile and cordless phones, cell phone
base stations, radar, broadcast antennas,
Wi-Fi, Bluetooth, smart meters, smart
appliances, smart homes, smart light
bulbs, wireless security systems, wireless
personal assistants, wireless baby
monitors, and wireless wearables, and now
an increasing number of people are also
exposed to 5G mmW.
Higher radiation exposures result
from the shorter distance to people and
higher density of antennas for 5G mmW.
This is acknowledged by the FCC proposal
in December 2019 to increase the current
exposure limits four-fold to accommodate
5G mmW devices and infrastructure. The
current exposure limit for the general
Copyright 2021 KEI Journals. All Rights Reserved.

Page 19 of 32

population of 1000 µW/cm2 averaged over
a 30-minute period has been the guideline
since 1996 per FCC 47 CFR Ch. I § 1.1310
and the FCC has proposed to increase that
to 4000 µW/cm2 indefinitely in its 2019
FCC Notice of Proposed Rulemaking 19126 [9].
5G mmW have not been tested for
their long-term biological effects and there
is growing concern from the scientific and
medical communities that this technology
could
have
adverse
biological
consequences. Studies suggest that mmW
can contribute to ocular damage,
arrhythmias, antibiotic resistance among
bacteria, teratogenic effects in drosophila,
and impaired immunity in mice [42]. Even
though mmW are absorbed mostly in the
skin, systemic signaling in the skin from
mmW can result in physiological effects
on the nervous, cardiovascular and
immune systems mediated through
neuroendocrine mechanisms [42].
A
compendium of 3800 studies showing a
myriad of harmful biological effects from
RFR at non-thermal levels (and below
FCC’s exposure limits) are contained in
the 2012 BioInitiative Report [43].
4.3 Wireless Radiation affects the
Immune System, increases Oxidative
Stress and Inflammation
There is a common presumption
that mmW are safer than the lower
frequencies used in 4G and previous
generations of wireless communications
because mmW are mostly absorbed in the
skin. However, biological responses to
mmW irradiation can be initiated within
the skin, and the subsequent systemic
signaling in the skin can result in
physiological effects on the nervous
system, heart, and immune system [44].
The cities with 5G mmW would have the
most varied and highest potential RF
exposure levels because 5G mmW
requires the use of multiple small cells in
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close proximity to users and all three bands
of frequencies for 5G, in addition to
radiation from previous generations of
wireless communications..
Additionally, severe inflammation
has been reported in COVID-19 cases, and
oxidative stress is a cause of inflammation
[45]. There are many studies showing that
wireless radiation causes oxidative stress
and generates free radicals [29-33, 46-48].
A review by an expert committee
appointed by the Swiss government found
that RF-EMF increased oxidative stress
which can lead to changes in oxidative
balance, and that those with pre-existing
conditions (immune deficiencies or
diseases
such
as
diabetes
and
neurodegenerative
diseases)
that
compromise
the
body’s
defense
mechanisms (including antioxidative
protection) can experience more severe
health effects from EMF exposure; also,
young and elderly individuals can react
less efficiently to oxidative stress induced
by EMF [49]. So chronic RF exposure
creates oxidative stress and oxidative
stress leads to inflammation. RF exposure
has also been shown to directly increase
inflammation by the production of proinflammatory cytokines that cause the
immune system to overreact [50].
There are many studies showing
the effect of wireless radiation on the
immune system [27, 43]. A 2013 review
found that wireless radiation has a
stimulating effect on the immune system
initially with short-term exposure, and an
immunosuppressive effect with chronic
exposure [26]. Cell phone radiation
exposure for 1 hour per day for 30 days
compromised the immune system of rats,
resulting in a significant decrease in
immunoglobulin levels, total leukocyte,
lymphocyte, eosinophil and basophil
counts; and a significant increase in
neutrophil and monocyte counts [51].
Shielding from EMFs was found to
Copyright 2021 KEI Journals. All Rights Reserved.
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significantly improve immune function
and decrease inflammation in humans;
lymphocyte NK (natural killer) cell
activity increased by 30% after EMF
exposure was reduced for two months
[52]. In 2015, a significant discovery was
made that the brain was directly connected
to the immune system by lymphatic
vessels [53], which would mean that the
immune system can be affected directly by
the brain and environmental influences
that affect the brain, such as wireless
radiation. A U.S. government study under
the National Institute of Health found that
cell phone radiation can affect the brain by
increasing glucose metabolism in the brain
[54] .
4.4 Wireless affects Vitamin D and
Vitamin D Receptor
Vitamin D is essential to the proper
functioning of the immune system. Low
vitamin D levels have been associated with
the most severe symptoms of COVID-19.
Patients with low vitamin D are twice as
likely to experience major complications
from COVID-19 [55]. Another study
found that 85% of severe COVID-19
patients had vitamin D insufficiency, and
that 100% of ICU patients less than 75
years old had vitamin D insufficiency [56].
The case fatality rate of COVID-19 was
highest in European countries with the
highest incidence of severe vitamin D
deficiency, and supplementation with
vitamin D may reduce COVID-19
mortality [16].
Vitamin D deficiency can result
from inflammation caused by chronic
wireless radiation exposure [40]. Vitamin
D supplementation was also found to
reverse the negative effects of cell phone
radiation on the immune system of rats
[41]. Wireless radiation also lowers
vitamin D receptor (VDR) activity by
changing the shape of the VDR, thus
impairing VDR activity and its ability to
http://journals.ke-i.org/index.php/mra
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bind with vitamin D [28]. This is important
because when a T-lymphocyte is exposed
to a foreign pathogen, it extends a VDR to
search for vitamin D, and if there is
insufficient vitamin D, T-lymphocytes
will not activate to destroy the invading
pathogens [57].
4.5
Wireless
Radiation
depletes
Glutathione which reduces Vitamin D
and promotes Infection
There’s evidence that low
endogenous glutathione production has led
to complications in COVID-19 and that
low glutathione levels reduce vitamin D
levels [58]. Vitamin D was also found to
correlate positively with glutathione levels
in type II diabetic patients [59], who have
an increased risk for COVID-19
complications. Glutathione treatment of
patients with COVID-19 pneumonia
successfully prevented the cytokine storm
in COVID-19 patients [60]. Several
studies have shown reduced glutathione
production from wireless radiation
exposure. Glutathione was found to be at
statistically significant lower levels in
those living close to a cell tower (within 80
m) exposed to 100 times higher RF
radiation compared to those living far from
a cell tower (300 m or more) [37]. Another
study found that radar workers in the
military who had been working with radar
for over 10 years had less than 50% of
glutathione levels of non-radar workers,
and this lower level was statistically
significant [30].
4.6 Wireless Radiation lowers Oxygen
Intake and damages Mitochondria
RF exposure also affects the
structure of hemoglobin, reducing its
ability to bind to oxygen. After just two
hours of exposure to cell phone radiation,
human hemoglobin structure changed,
decreasing its affinity to bind to oxygen in
the lungs between 11-12% [34] which
Copyright 2021 KEI Journals. All Rights Reserved.
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reduces the amount of oxygen that would
be carried from the lungs to the body’s
tissues, contributing to hypoxia. This is
important because SARS CoV-2’s ability
to infect cells is enhanced when blood
oxygen
levels
decline.
The
"furin cleavage" sequence in the virus
activates increased ACE2 receptor attack
and cellular invasion in low oxygen
environments [61].
RF radiation also affects the
electron transport chain in mitochondria.
Mitochondria supply the energy in cells
and consume the majority of oxygen in the
cell. RF exposure leads to mitochondrial
dysfunction, leading to lowered oxygen
consumption in the cell and less energy
production, which would cause fatigue.
Wireless sources of EMF causing
extensive electron leakage from the
mitochondrial electron transport chain was
attributed as the main cause of EMF
damage in human reproductive cells, and
wireless EMF exposure increased
production of reactive oxygen species
(ROS) by mitochondria [32].
4.7 Wireless Radiation promotes Blood
Clotting
Vitamin
D
also
has
an
anticoagulant effect, and low vitamin D
levels have been shown to increase the
chance of venous blood clots [62].
Formation of blood clots leading to
strokes and other complications have been
reported in COVID-19 cases in the young
and middle-aged with no risk factors for
clotting. In children, a condition associated
with COVID-19 known as Multisystem
Inflammatory Syndrome in Children
(MIS-C) with symptoms including
“COVID Toes” involves inflammation of
the blood vessels and the formation of
blood clots.
RF exposure can cause red blood
cells to clump and stick together, known as
rouleaux formation [35-36] (Figure 8). As
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early as 1978, effects of mmW on blood
were found to cause a “tendency toward
hypercoagulation” at an exposure of 1000
µW/cm2 or less [63]; 1000 µW/cm2 for 30
minutes is the current exposure limit for
mmW for the public in the U.S.
Electromagnetic fields were found
to increase the risk for blood clot
formation [64]. Other studies have also
shown changes in blood viscosity and
rouleaux formation with frequencies of 2
kHz [65]. Frequencies in the 0-3 kHz
range
are
found
in
wireless
communications in the form of pulsation
and modulation, and there is significant
evidence that the biological effects from
wireless communications is because of
these electric fields; in addition, the
application of pulsed electromagnetic
fields (PEMF) for short periods of time
have therapeutic effects [44] such as the
stimulation of bone growth [66]. The right
modulation in pulsating electrostatic field
therapy can reduce rouleaux formation
[67]. Electromagnetic fields have been
used for over a hundred years
therapeutically, and PEMF devices,
approved by the FDA, have been used in
animals and humans to reduce
inflammation, increase circulation and
reduce pain [68]. The fact that RF
radiation at non-thermal levels is used in
medical therapy means that there are
biological effects of RF radiation at nonthermal levels. In addition, mmW are used
in medical therapy, including cancer
therapy. At power density levels far
exceeding the FCC permissible levels for
wireless communications of 1000
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µW/cm2, mmW have been used to
stimulate immune cell activity suppressed
by anti-cancer drugs [69-70]. Chronic RF
radiation exposure within the FCC
permissible levels disturbs immune
function through stimulation of various
allergic and inflammatory responses; for
example, RFR increases mast cells in the
skin, morphologically alters immune cells,
and interferes with tissue repair processes
[25]. Anti-inflammatory effects of mmW,
achieved only with specific modulation
frequencies for certain mmW carrier
frequencies,
have
been
used
therapeutically also; but without the
correct modulation frequency, certain
carrier
mmW
frequencies
were
“ineffective” [71]. Therefore, it is not just
the mmW carrier frequency, but also its
combination
with
pulsation
and
modulation frequencies that determine
biological effects. Medical therapy using
RF and mmW radiation is achieved only
under controlled conditions, with specific
carrier and pulsation and modulation
frequencies at specific power densities
over a specific and relatively short period
of time. The RF radiation that we are
exposed to from wireless communications
is constant and random, with varying
power densities, layered with many
frequencies from different sources that use
pulsation and modulation frequencies
needed to enable wireless communications
without consideration of biological
effects. Consequently, medical mmW and
telecommunication mmW have very
different biological impacts due to
different exposure parameters.
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Figure 8. In A., red blood cells are not aggregated prior to RF radiation exposure. In B.,
blood cells from the same patient after 10 minutes of exposure to 2.45 GHz Wi-Fi aggregate
and exhibit rouleaux effect.
4.8 Both Wireless Radiation and
SARS-CoV-2
interfere
with
Calcium Channels in the Cell
Membrane
Cell membranes are considered the major
target for the interaction between mmW
and biological systems, and the waves may
alter structural and functional properties of
membranes [72]. The cell membrane
becomes more permeable from RF
exposure from cell phones due to changes
in the phospholipid composition at
exposure levels well under the current
FCC exposure limit. This increased cell
membrane permeability altered the
expression of 178 genes significantly (p <
0.05), affecting processes such as DNA
replication and repair, cell signalling and
calcium signalling, nervous system
function, immune system response, lipid
metabolism, and carcinogenesis [38].
Voltage gated calcium channels (VGCC’s)
located in cell membranes control
intracellular
calcium
ion
(Ca2+)
concentrations,
and
exposure
to
electromagnetic fields has been shown to
increase intracellular Ca2+ concentration in
human lymphocyte cells between
approximately 25–50%, and this higher
intracellular Ca2+ concentration in human
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lymphocyte cells increases allergic
reactions [73]. Increasing intracellular
Ca2+ concentrations have a myriad of
health effects, from headaches to cancer in
humans [66].
A
related
virus,
porcine
deltacoronavirus, attacks host cells by
opening their voltage gated calcium
channels
(VGCCs)
in
the
cell
membrane, which increases the calcium
ion (Ca2+) concentration inside host cells
which increases virus replication.
Reducing the intracellular calcium by
blocking VGCC's reduced the infection
[74]. Anti-viral medications work by
inhibiting VGCC activation to reduce
intracellular Ca2+ to inhibit the viral
replication [75].
4.9 Both Wireless Radiation and SARSCoV-2 interfere with Cell Signalling via
p38/MAPK and mTOR Pathways
SARS-CoV-2 takes over a human
host
cell
by
interfering
with
phosphorylation cell signalling and
altering the phosphorylation of 40 human
proteins and 49 kinase enzymes, involving
the p38/MAPK and mTOR pathways
among others. This takeover of the human
host cells by the virus prevents the host
cell from replicating and provides a stable
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environment for viral replication [76].
Signals from wireless communications
have also been found to interfere with cell
signalling and phosphorylation in the
p38/MAPK and mTOR pathways, which
were associated with an increased
permeability in cell membranes due to
changes in its phospholipid composition
following exposure to radiofrequency
radiation [38]. There have been many
studies on the interaction of EMFs with
cell signalling systems; interference with
cell signalling and phosphorylation was
reported in an earlier study that found that
pulsed EMFs rapidly activates the
mTOR signalling pathway [77].
For all the above reasons,
environmental exposure to 5G mmW can
increase cases and severity of COVID-19.
5. Conclusion
While 5G did not cause COVID19, statistical analysis showed that
exposure to 5G mmW (which is present in
combination with 1G-4G and other RFR
sources like Wi-Fi) is a statistically
significant factor associated with higher
COVID-19 case and death rates in the U.S.
The higher population densities in the 5G
mmW states or counties is another
statistically significant factor but it does
not entirely account for the higher case and
death rates in those states and counties.
Population density is an indicator not only
of person to person contact, but also of
wireless
radiation
exposure
from
neighbours. Latitude was also found to be
a statistically significant factor that
increases case and death rates for 5G
mmW counties. Air quality was not found
to be a statistically significant factor in the
case and death rates except for California
counties.
The higher case and death rates in
the average mmW state or county
compared to that of the average non-mmW
state or county were statistically
Copyright 2021 KEI Journals. All Rights Reserved.
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significant for multiple dates (April 22,
May 15, May 31 2020) and for a variety of
measurements (deaths/million, deaths/test,
cases/million, cases/test).
Multiple linear regression found
that at the state level, the mmW and the
higher population density contributed
almost equally to the increased case and
death rates in the mmW states. Regression
equations predicted that if the mmW states
did not have mmW, the average cases per
million for the mmW states would be
reduced by 24%, and the deaths per
million would be reduced by 30%.
At the county level, the mmW
exposure contributed three times as much
as the higher population density to the
increased case and death rates in the mmW
counties. Regression equations predicted
that if the mmW counties did not have
mmW exposure, the cases per million for
the mmW counties would be reduced by
39%, and the deaths per million would be
reduced by 54%.
For California counties, mmW and
AQI were statistically significant
contributors to the case and death rates
while population density was not.
Regression equations predicted that if the
mmW counties did not have mmW, the
cases per million would be reduced by
46%, and the deaths per million would be
reduced by 57%.
It is not difficult to see how
radiofrequency radiation could increase
the case and death rates when wireless
radiation and SARS-CoV-2 share common
mechanisms of harm to human and animal
cells and wireless radiation exposure
produces conditions that enhance
susceptibility to SARS-CoV-2. Both
interfere with cell signalling via the
phosphorylation
pathways,
increase
intracellular calcium ion concentrations by
activating VGCC’s, and interfere with the
actions
of
cell
membranes.
Radiofrequency radiation negatively
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impacts the immune system, reduces
oxygen availability to blood cells and
tissues, increases oxidative stress and
inflammation, and reduces glutathione
levels and vitamin D availability, all of
which assist viral infection.
In this analysis, we compared 5G
mmW areas with those that have RFR but
do not yet have activated mmW
technology. This is like comparing
smokers to those exposed to second-hand
smoke. Consequently, the difference
between COVID-19 attributed case and
death rates may be much higher had we
compared areas with 5G mmW technology
to areas with little or no RFR exposure,
which is nearly impossible to do as few of
these areas remain in the U.S.
The rollout of mmW 5G has been
done without any testing to assess its
safety, either singly or in combination with
RF frequencies already present, such as
1G-4G and Wi-Fi. In fact, no long-term
safety testing was done on any wireless
technology before they were introduced to
the market. Government presumption of
safety on all wireless technology is that
harmful effects can only happen at thermal
levels and that effects at non-thermal
levels do not exist, i.e. so as long as
wireless devices and infrastructure do not
emit enough energy to heat tissues, then
there is nothing to be concerned about.
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However, thousands of studies have
shown harmful biological effects at nonthermal levels, and medical devices using
non-thermal levels of radiofrequency
radiation have been used therapeutically
for decades, which is concrete evidence of
beneficial and adverse biological effects at
non-thermal levels of non-ionizing
radiation. Currently, mmW have been
deployed for 5G in approximately 50 U.S.
cities, but when 5G is fully rolled out,
mmW will be everywhere. More than 400
scientists and doctors have signed the 5G
Appeal [78] requesting a moratorium on
the 5G rollout. Any economic benefits
from 5G are likely to be outweighed by the
risk of harm to the health of billions of
people around the world.
Acknowledgments
We thank the anonymous reviewers
and those dedicated scientists and
doctors who have published their
findings regarding either COVID-19
or RFR
Funding
No funding received for this research.
Competing Interests
None

http://journals.ke-i.org/index.php/mra

Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021

References
1.
Worldometer. COVID-19 Corona
virus Pandemic. Worldometer.
https://www.worldometers.info/cor
onavirus/#countries. Accessed April
22, May 15, May 31, August 9,
2020.
2.
Fisher, T. 5G Availability Around
the
World.
Lifewire.
https://www.lifewire.com/5gavailability-world-4156244
Accessed September 1, 2020.
3.
WorldTimeZone. 5G commercial
network world coverage map.
WorldTime
Zone.
https://www.worldtimezone.com/5g
.html Accessed September 1, 2020.
4.
European
5G
Observatory.
Announcements of Commercial
Launches.
European
5G
Observatory.
https://5gobservatory.eu/marketdevelopments/5g-services/
Accessed September 1, 2020.
5.
RT. Spain rolls out 5G network
using Huawei gear despite US
blacklisting Chinese tech giant. RT.
https://www.rt.com/business/46195
4-spain-5g-network-huawei/
Accessed September 1, 2020.
6.
Dano, M. Here Are the Big Winners
in the FCC's 24GHz & 28GHz 5G
Auctions.
Lightreading.
https://www.lightreading.com/mobi
le/5g/here-are-the-big-winners-inthe-fccs-24ghz-and-28ghz-5gauctions/d/d-id/751903 Accessed
May 1, 2020.
7.
Fletcher, B. FCC mmWave auction
brings in more than $7.5B as clock phase
ends.
Fierce
Wireless.
https://www.fiercewireless.com/reg
ulatory/fcc-mmwave-auctionbrings-more-than-7-5b-as-clockphase-ends Accessed May 1, 2020.

8.

9.

10.

11.

12.

13.

14.

15.

Copyright 2021 KEI Journals. All Rights Reserved.

Page 26 of 32

Kinney, S. What’s the outlook for
millimeter wave 5G in the EU (and
UK)?
RCRWireless
News.
https://www.rcrwireless.com/20200
213/spectrum/millimeter-wave-5geu Accessed September 1, 2020.
FCC. FCC-19-126 Resolution of
Notice of Inquiry, Second Report
and Order, Notice of Proposed
Rulemaking, and Memorandum of
Opinion
and
Order.
2019.
https://docs.fcc.gov/public/attachme
nts/FCC-19-126A1.pdf
AT&T. Coverage Map for 5G+.
AT&T.
https://www.att.com/5g/consumer/
Accessed April 22, May 31, 2020.
T-Mobile. Coverage Map for
Samsung Galaxy S10 5G. T-Mobile.
https://www.tmobile.com/devices/samsunggalaxy-s10-5g. Accessed April 22,
May 31, 2020.
Verizon. Explore Verizon 5G Ultra
Wideband Coverage. Verizon.
https://www.verizon.com/5g/covera
ge-map/ Accessed April 22, May 31,
2020.
Johansson O, Redmayne M.
Exacerbation of demyelinating
syndrome after exposure to wireless
modem with public hotspot.
Electromagn
Biol
Med.
2016;35:393–397.
https://doi.org/10.3109/15368378.2
015.1107839
Nair, S. COVID-19 and Social
Impact.
Forbes.
https://www.forbes.com/sites/soren
sonimpact/2020/04/10/covid-19and-socialimpact/?sh=6bec1132546b
Accessed May 1, 2020.
Prata DN, Rodrigues W, Bermejo
PH. Temperature significantly

http://journals.ke-i.org/index.php/mra

Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021

16.

17.

18.

19.

20.

21.

changes COVID-19 transmission in
(sub)tropical cities of Brazil. Sci
Total Environ. 2020;729: 138862.
https://doi.org/10.1016/j.scitotenv.2
020.138862
Marik PE, Kory P, Varon J. Does
vitamin D status impact mortality
from
SARS-CoV-2
infection?
Med Drug Discov.
2020;100041.
https://doi.org/10.1016/j.medidd.20
20.100041
Soleimani, B, Nanda U, Ross S.
Does Density Determine COVID-19
Destiny? Let’s look at the Data.
CADRE
Research.
https://medium.com/@cadre/doesdensity-determine-covid-19destiny-lets-look-at-the-dataa43b60eac787 Accessed May 1,
2020.
Fifi JT, Mocco J. COVID-19 related
stroke in young individuals. Lancet
Neuro.2020;19:713–715.
https://doi.org/10.1016/S14744422(20)30272-6
Lakhdari N, Tabet B, Boudraham L,
Laoussati M, Aissanou S, Beddou L,
Bensalem S, Bellik Y, Bournine L,
Fatmi S, et al. M Red blood cells
injuries
and
hypersegmented
neutrophils in COVID-19 peripheral
blood
film.
medRxiv.
2020;07.24.20160101.
https://doi.org/10.1101/2020.07.24.
20160101
Rubik B, Brown RR. Evidence for a
Connection Between COVID-19
and Exposure to Radiofrequency
Radiation
from
Wireless
Telecommunications
Including
Microwaves and Millimeter Waves.
OSF
Preprints.
2021;01.04.
https://doi.org/10.31219/osf.io/9p8q
u
Lambert NJ, Survivor Corps.
COVID-19
“Long
Hauler”
Symptoms Survey Report. Indiana

Copyright 2021 KEI Journals. All Rights Reserved.

22.

23.

24.

25.

26.

27.

Page 27 of 32

University School of Medicine,
2020.
Belpomme
D,
Irigaray
P.
Electrohypersensitivity as a Newly
Identified
and
Characterized
Neurologic Pathological Disorder:
How to Diagnose, Treat, and
Prevent It. Int J Mol Sci.
2020;21(6),1915.
https://doi.org/10.3390/ijms210619
15
Kostoff RN, Briggs MB, Porter AL,
Hernández AF, Abdollahi M,
Aschner M, Tsatsakis A. The underreported role of toxic substance
exposures in the COVID-19
pandemic. Food Chem Toxicol.
2020;145:111687.
https://doi.org/10.1016/j.toxlet.2020
.01.020
Mordachev VI. Correlation Between
the
Potential
Electromagnetic
Pollution Level and the Danger of
COVID-19. 4G/5G/6G Can Be Safe
for People. Dokl Bguir. 2020;18.
http://dx.doi.org/10.35596/17297648-2020-18-4-96-112
Johansson O. Disturbance of the
immune system by electromagnetic
fields—A potentially underlying
cause for cellular damage and tissue
repair reduction which could lead to
disease
and
impairment.
Pathophysiology.
2009;
Electromagnetic Fields (EMF)
Special
Issue
16:157–177.
https://doi.org/10.1016/j.pathophys.
2009.03.004
Szmigielski S. Reaction of the
immune system to low-level
RF/MW exposures. Sci Total
Environ. 2013;454–455:393–400.
https://doi.org/10.1016/j.scitotenv.2
013.03.034
Belyaev I, Dean A, Eger H,
Hubmann G, Jandrisovits R, Kern
M, Kundi M, Moshammer H,

http://journals.ke-i.org/index.php/mra

Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021

28.

29.

30.

31.

32.

Lercher P, Muller K, et al.
EUROPAEM EMF Guideline 2016
for the prevention, diagnosis and
treatment of EMF-related health
problems and illnesses. Rev Environ
Health.
2016;31(3):363-97.
https://doi.org/10.1515/reveh-20160011
Marshall
TG,
Heil
TJR.
Electrosmog
and
autoimmune
disease. Immunol Res. 2017;65,129–
135.
https://doi.org/10.1007/s12026-0168825-7
Aydin B, Akar A. Effects of a 900MHz electromagnetic field on
oxidative stress parameters in rat
lymphoid
organs,
polymorphonuclear leukocytes and
plasma.
Arch
Med
Res.
2011;42:261–267.
https://doi.org/10.1016/j.arcmed.20
11.06.001
Garaj-Vrhovac V, Gajski G, Pažanin
S, Šarolić A, Domijan AM, Flajs D,
Peraica
M.
Assessment
of
cytogenetic damage and oxidative
stress in personnel occupationally
exposed to the pulsed microwave
radiation of marine radar equipment.
Int J Hyg Environ Health.
2011;214:59–65.
https://doi.org/10.1016/j.ijheh.2010.
08.003
Yakymenko I, Tsybulin O, Sidorik
E, Henshel D, Kyrylenko O,
Kyrylenko
S.
Oxidative
mechanisms of biological activity of
low-intensity
radiofrequency
radiation. Electromagn Biol Med.
2015;19:1–16.
https://doi.org/10.3109/15368378.2
015.1043557
Santini SJ, Cordone V, Falone S,
Mijit M, Tatone C, Amicarelli F, Di
Emidio G. Role of Mitochondria in
the Oxidative Stress Induced by

Copyright 2021 KEI Journals. All Rights Reserved.

33.

34.

35.

36.

37.

Page 28 of 32

Electromagnetic Fields: Focus on
Reproductive Systems. Oxid Med
Cell Longev. 2018; 5076271.
https://doi.org/10.1155/2018/50762
71
Alkis ME, Bilgin HM, Akpolat V,
Dasdag S, Yegin K, Yavas MC,
Akdag M. Effect of 900-, 1800-, and
2100-MHz radiofrequency radiation
on DNA and oxidative stress in
brain. Electromagn Biol Med.
2019;38:32–47.
https://doi.org/10.1080/15368378.2
019.1567526
Mousavy SJ, Riazi GH, Kamarei M,
Aliakbarian H, Sattarahmady N,
Sharifizadeh A, Safarian S, Ahmad
F, Moosavi-Movahedi AA. Effects
of mobile phone radiofrequency on
the structure and function of the
normal human hemoglobin. Int J
Biol Macromol. 2009;44:278–285.
https://doi.org/10.1016/j.ijbiomac.2
009.01.001
Havas M. Radiation from wireless
technology affects the blood, the
heart, and the autonomic nervous
system. Rev Environ Health.
2013;28:5–84.
https://doi.org/10.1515/reveh-20130004
Rubik B. Does Short-term Exposure
to Cell Phone Radiation Affect the
Blood? Wise Traditions in Food,
Farming and the Healing Arts.
2014;15(4):19-28.
https://www.westonaprice.org/healt
h-topics/does-short-term-exposureto-cell-phone-radiation-affect-theblood/
Zothansiama,
Zosangzuali
M,
Lalramdinpuii M, Jagetia GC.
Impact of radiofrequency radiation
on DNA damage and antioxidants in
peripheral blood lymphocytes of
humans residing in the vicinity of
mobile phone base stations.

http://journals.ke-i.org/index.php/mra

Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021

38.

39.

40.

41.

42.

Electromagn
Biol
Med.
2017;36:295–305.
https://doi.org/10.1080/15368378.2
017.1350584
Fragopoulou AF, Polyzos A,
Papadopoulou MD, Sansone A,
Manta
AK,
Balafas
E,
Kostomitsopoulos N, Skouroliakou
A, Chatgilialoglu C, Georgakilas A,
et al. Hippocampal lipidome and
transcriptome profile alterations
triggered by acute exposure of mice
to GSM 1800 MHz mobile phone
radiation: An exploratory study.
Brain
Behav.
2018;8:e01001.
https://doi.org/10.1002/brb3.1001
De Luca C, Thai JC, Raskovic D,
Cesareo E, Caccamo D, Trukhanov
A, Korkina L. Metabolic and genetic
screening
of
electromagnetic
hypersensitive subjects as a feasible
tool for diagnostics and intervention.
Mediators Inflamm. 2014;924184.
https://doi.org/10.1155/2014/92418
4
Belpomme D, Campagnac C,
Irigaray P. Reliable disease
biomarkers characterizing and
identifying electrohypersensitivity
and multiple chemical sensitivity as
two etiopathogenic aspects of a
unique pathological disorder. Rev
Environ Health. 2015;30:251–271.
https://doi.org/10.1515/reveh-20150027
Johansson
O.
Electrohypersensitivity: a functional
impairment due to an inaccessible
environment. Rev Environ Health.
2015;30(4):311-21.
https://doi.org/10.1515/reveh-20150018.
Russell CL. 5 G wireless
telecommunications
expansion:
Public health and environmental
implications.
Environ
Res.
2018;165:484–495.

Copyright 2021 KEI Journals. All Rights Reserved.

43.

44.

45.

46.

47.

48.

Page 29 of 32

https://doi.org/10.1016/j.envres.201
8.01.016
BioInitiative Working Group, Sage
C, Carpenter D (Eds.). BioInitiative
Report:
A
Rationale
for
Biologically-Based Public Exposure
Standards for Electromagnetic
Radiation
at
2012,
2012.
www.bioinitiative.org
Kostoff RN, Heroux P, Aschner M,
Tsatsakis A. Adverse health effects
of
5G
mobile
networking
technology
under
real-life
conditions.
Toxicol
Lett.
2020;323:35–40.
https://doi.org/10.1016/j.toxlet.2020
.01.020
Reuter S, Gupta SC, Chaturvedi
MM, Aggarwal BB. Oxidative
stress, inflammation, and cancer:
How are they linked? Free Radic
Biol Med. 2010;49:1603–1616.
https://doi.org/10.1016/j.freeradbio
med.2010.09.006
Dauda Usman J, Isyaku UM, Magaji
RA, Fasanmade AA. Assessment of
electromagnetic fields, vibration and
sound exposure effects from
multiple transceiver mobile phones
on oxidative stress levels in serum,
brain and heart tissue. Sci Afr.
2020;7:e00271.
https://doi.org/10.1016/j.sciaf.2020.
e00271
Kıvrak EG, Yurt KK, Kaplan A,
Alkan I, Altun G. Effects of
electromagnetic fields exposure on
the antioxidant defense system. J
Microsc Ultrastruct. 2017;5:167–
176.
https://doi.org/10.1016/j.jmau.2017.
07.003
Usselman RJ, Hill I, Singel DJ,
Martino CF. Spin Biochemistry
Modulates Reactive Oxygen Species
(ROS) Production by Radio
Frequency Magnetic Fields. PLOS

http://journals.ke-i.org/index.php/mra

Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021

49.

50.

51.

52.

53.

ONE.
2014;9(3):e93065.
https://doi.org/10.1371/journal.pone
.0093065
BERENIS January 2021 Newsletter,
2021.
https://www.bafu.admin.ch/dam/baf
u/en/dokumente/elektrosmog/fachin
fodaten/newsletter_berenis_sonderaus
gabe_januar_2021.pdf.download.pd
f/Newsletter%20BERENIS%20%20Special%20Issue%20January%
202021.pdf
Wyszkowska J, Jędrzejewski T,
Piotrowski J, Wojciechowska A,
Stankiewicz
M,
Kozak
W.
Evaluation of the influence of in
vivo exposure to extremely lowfrequency magnetic fields on the
plasma levels of pro-inflammatory
cytokines in rats. Int J Radiat Biol
2018;94:909–917.
https://doi.org/10.1080/09553002.2
018.1503428
El-Gohary OA, Said MA. Effect of
electromagnetic waves from mobile
phone on immune status of male
rats: possible protective role of
vitamin D. Can J Physiol
Pharmacol. 2017; 95(2):151-156.
https://doi.org/10.1139/cjpp-20160218.
Díaz-Del Cerro E, Vida C, Martínez
de Toda I, Félix J, De la Fuente M.
The use of a bed with an insulating
system of electromagnetic fields
improves immune function, redox
and inflammatory states, and
decrease the rate of aging. Environ
Health. 2020; Nov 23;19(1):118.
https://doi.org/10.1186/s12940-02000674-y
Louveau A, Smirnov I, Keyes TJ,
Eccles JD, Rouhani SJ, Peske JD,
Derecki NC, Castle D, Mandell JW,
Lee KS, et al. Structural and
functional features of central

Copyright 2021 KEI Journals. All Rights Reserved.

54.

55.

56.

57.

58.

59.

Page 30 of 32

nervous system lymphatic vessels.
Nature.
2015;523:337–341.
https://doi.org/10.1038/nature14432
Volkow ND, Tomasi D, Wang GJ,
Vaska P, Fowler JS, Telang F,
Alexoff D, Logan J, Wong C.
Effects
of
Cell
Phone
Radiofrequency Signal Exposure on
Brain Glucose Metabolism. JAMA.
2011;305:808–813.
https://doi.org/10.1001/jama.2011.1
86
Daneshkhah A, Agrawal V, Eshein
A, Subramanian H, Roy HK,
Backman V. The Possible Role of
Vitamin D in Suppressing Cytokine
Storm and Associated Mortality in
COVID-19 Patients. medRxiv.
2020;2020.04.08.20058578.
https://doi.org/10.1101/2020.04.08.
20058578
Lau FH, Majumder R, Torabi R,
Saeg F, Hoffman R, Cirillo JD,
Greiffenstein P. Vitamin D
Insufficiency is Prevalent in Severe
COVID-19.
medRxiv.
2020;2020.04.24.20075838.
https://doi.org/10.1101/2020.04.24.
20075838
Von Essen M, Kongsbak M,
Schjerling P, Olgaard K, Ødum N,
Geisler C. Vitamin D controls T cell
antigen receptor signaling and
activation of human T cells. Nat
Immunol.
2010;11:344–9.
https://doi.org/10.1038/ni.1851
Polonikov
A.
Endogenous
Deficiency of Glutathione as the
Most Likely Cause of Serious
Manifestations and Death in
COVID-19 Patients. ACS Infect Dis
6:
1558–1562,
2020.
https://doi.org/10.1021/acsinfecdis.
0c00288
Jain S, Micinski D, Huning L,
Kahlon G, Bass PF, Levine SN.
Vitamin D and L-cysteine levels

http://journals.ke-i.org/index.php/mra

Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021

60.

61.

62.

63.

64.

correlate positively with GSH and
negatively with insulin resistance
levels in the blood of type 2 diabetic
patients. Eur J.Clin.Nutr. 2014;68:
1148–1153.
https://doi.org/10.1038/ejcn.2014.1
14
Horowitz RI, Freeman PR, Bruzzese
J. Efficacy of glutathione therapy in
relieving dyspnea associated with
COVID-19 pneumonia: A report of
2 cases. Respir Med Case Rep.
2020;30:101063.
https://doi.org/10.1016/j.rmcr.2020.
101063
McMahon S, Grondin F, McDonald
PP, Richard DE, Dubois CM.
Hypoxia-enhanced Expression of
the Proprotein Convertase Furin Is
Mediated by Hypoxia-inducible
Factor-1 IMPACT ON THE
BIOACTIVATION
OF
PROPROTEINS. J Biol Chem.
2005;280:6561–6569.
https://doi.org/10.1074/jbc.M41324
8200
Khademvatani
K,
SeyyedMohammadzad MH, Akbari M,
Rezaei
Y,
Eskandari
R,
Rostamzadeh A. The relationship
between vitamin D status and
idiopathic lower-extremity deep
vein thrombosis. Int J Gen Med.
2014;7:303–309.
https://doi.org/10.2147/IJGM.S648
12
Zalyubovskaya NP, Kiselev R.
Effect of Radio Waves of a
Millimeter Frequency Range on the
Body of Man and Animals.
Gigiyena Sanit. 1978;8:35-39.
Caprani A, Richert A, Flaud P.
Experimental evidence of a
potentially increased thromboembolic disease risk by domestic
electromagnetic field exposure.
Bioelectromagnetics 2004;25: 313–

Copyright 2021 KEI Journals. All Rights Reserved.

65.

66.

67.

68.

69.

70.

71.

Page 31 of 32

315.
https://doi.org/10.1002/bem.20022
Antonova N, Riha P. Studies of
electrorheological properties of
blood. Clin. Hemorheol Microcirc.
2006;35:19–29.
https://doi.org/10.3933/APPLRHE
OL-24-35190
Pall ML. Electromagnetic fields act
via activation of voltage-gated
calcium channels to produce
beneficial or adverse effects. J Cell
Mol
Med.
2013;17:958–965.
https://doi.org/10.1111/jcmm.12088
De Lorenzo A, Martinoli R,
Carbonelli MG, Monteleone G, Di
Lorenzo N, Di Daniele N. Resting
metabolic rate incremented by
pulsating electrostatic field (PESF)
therapy. Diabetes Nutr Metab.
2004;17:309–312.
Gaynor JS, Hagberg S, Gurfein BT.
Veterinary applications of pulsed
electromagnetic field therapy. Res
Vet
Sci.
2018;119:1–8.
https://doi.org/10.1016/j.rvsc.2018.
05.005
Logani M., Alekseev S, Bhopale
MK, Slovinsky WS, Ziskin MC.
Effect of millimeter waves and
cyclophosphamide on cytokine
regulation.
Immunopharmacol
Immunotoxicol. 2012;34: 107–112.
https://doi.org/10.3109/08923973.2
011.583252
Makar V, Logani M, Szabo I, Ziskin
M. Effect of millimeter waves on
cyclophosphamide
induced
suppression of T cell functions.
Bioelectromagnetics. 2003;24:356–
365.
https://doi.org/10.1002/bem.10106
Gapeyev AB, Mikhailik EN,
Chemeris NK. Features of antiinflammatory effects of modulated
extremely
high-frequency
electromagnetic
radiation.

http://journals.ke-i.org/index.php/mra

Tsiang & Havas. Medical Research Archives vol 9 issue 4. April 2021

72.

73.

74.

Bioelectromagnetics. 2009;30:454–
461.
https://doi.org/10.1002/bem.20499
Ramundo-Orlando A. Effects of
Millimeter Waves Radiation on Cell
Membrane - A Brief Review. J
Infrared Milli Terahz Waves.
2010;31:1400–1411.
https://doi.org/10.1007/s10762-0109731-z
Puri BK, Segal DR, Monro JA. The
effect of successful low-dose
immunotherapy ascertained by
provocation
neutralization
on
lymphocytic calcium ion influx
following electric field exposure. J
Complement
Integr
Med.
2019;17:20170156.
https://doi.org/10.1515/jcim-20170156
Bai D, Fang L, Xia S, Ke W, Wang
J, Wu X, Fang P, Xiao S. Porcine
deltacoronavirus
(PDCoV)
modulates calcium influx to favor
viral
replication.
Virology.
2020;539:38–48.
https://doi.org/10.1016/j.virol.2019.
10.011

Copyright 2021 KEI Journals. All Rights Reserved.

75.

76.

77.

78.

Page 32 of 32

Chen X, Cao R, Zhong W. Host
Calcium Channels and Pumps in
Viral Infections. Cells. 2020;9:94.
https://doi.org/10.3390/cells901009
4
Bouhaddou M, Memon D, Meyer B,
White KM, Rezelj VV, Correa
Marrero M, Polacco BJ, Melnyk JE,
Ulferts S, Kaake RM, et al. The
Global Phosphorylation Landscape
of SARS-CoV-2 Infection. Cell
2020;182:685-712.e19.
https://doi.org/10.1016/j.cell.2020.0
6.034
Kovacic
P, Somanathan R.
Electromagnetic fields: Mechanism,
cell signaling, other bioprocesses,
toxicity, radicals, antioxidants and
beneficial effects. J Recept Signal
Transduct Res. 2010;30:214–26.
https://doi.org/10.3109/10799893.2
010.488650
Nyberg R, Hardell L. 5G Appeal
http://www.5gappeal.eu/the-5gappeal/ Accessed September 1,
2020.

http://journals.ke-i.org/index.php/mra

