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RESEARCH ARTICLE  

Abstract 

COVID-19-attributed case and death rates for the U.S.A. were analyzed through May 2020 

in three ways ï for all 50 states, the countryôs largest counties, and the largest counties in 

California ï 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 

mechanismïshould this be a causal relationshipïmay 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; SARS-

CoV-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-at-

home orders to slow the virusô spread and 

to ñflatten the curveò. 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 COVID-

19, 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 

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.  

As of August 9, 2020, the U.S. was 

#1 out of 213 nations in the world for the 

highest number of total COVID-19 cases 

at 5.2 million, with 15,698 cases per 

million (9th highest) and 500 deaths per 

million (10th highest) [1].  

The rollout of 5G technology is to 

support the Internet of things (IoT). As of 

January 2020, 31 countries had working 

5G networks globally [2-5] In the top 

quartile of the highest ranking countries 

for COVID-19 deaths per million, 16 of 

them had working 5G networks; while 

only 7 countries had 5G in the 2nd highest 

quartile; 6 in the 3rd highest quartile and 

only 2 in the bottom quartile. In the top 

quartile, the 5G countries with higher 

deaths per million than the U.S. were San 

Marino (1238), Belgium (851), U.K. 

(686), Spain (610) and Italy (582). The 

other countries with 5G in the top quartile 

with fewer deaths per million than the U.S. 

were Ireland (358), Switzerland (229), 

South Africa (175), Romania (140), 

Germany (110), Denmark (106), Monaco 

(102), Oman (100), Bahrain (95), and 

Saudi Arabia (91).  

Three radio frequency bands are 

used in 5th Generation (5G) wireless 

communications. The low band refers to 

frequencies below 1 GHz; the mid band to 

frequencies between 1 GHz and 6 GHz, 

and the high band to the millimeter waves 

(mmW), which are 24 GHz and above. The 

U.S. telecommunication companies began 

using mmW for 5G wireless 

communications in 2019 after their 

acquisition of the mmW spectrum, making 

the U.S. the first country in the world to 

use mmW for 5G. In June 2019, FCCôs 

Auction 101 for 28 GHz sold for $700 

million and Auction 102 for 24 GHz sold 

for $2 billion [6], and in March 2020, 37, 

39 and 47 GHz bands in Auction 103 sold 

for $7.5 billion [7], generating a total of 

$10 billion for the U.S. government. As of 

February 2020, European countries were 

still not using mmW for 5G [8], and other 

countries have used only the low and mid 
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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 FCCôs 

2019 Notice of Proposed Rulemaking 19-

126 [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 

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 
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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], T-

Mobile [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. 

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.  

Pearsonôs correlations were 

calculated for the case and death rates with 

the four variables population density, 

mmW index, AQI, and latitude. Two-

sample 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]. 

 

Table 2. Top 10 Ranking European 

Countries for COVID-19 Deaths/Million 

for 5G *  vs. Without 5G through August 

9, 2020. Source: Worldometer [1] 

 

 

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 

City State AT&T T-Mobile Verizon

Atlanta GA X X

Austin TX X

Baltimore MD X

Charlotte NC X

Chicago IL X

Cincinnati OH X

Cleveland OH X X X

Columbus OH X

Dallas TX X X X

Denver CO X

Des Moines IA X

Detroit MI X X

Grand Rapids MI X

Greensboro NC X

Hampton Roads VA X

Hoboken NJ X

Houston TX X X

Indianapolis IN X

Jacksonville FL X

Kansas City MO X

King of Prussia PA X

Las Vegas NV X X

Little Rock AR X

Los Angeles CA X X X

Louisville KY X

Memphis TN X

Menlo Pk, Rdwd City, San Bruno CA X

Miami FL X X

Miami Gardens (AT&T only) FL X

Minneapolis MN X

Nashville TN X

New York City NY X X X

Oakland CA X

Ocean City MD X

Oklahoma City OK X

Omaha NE X

Orlando FL X

Panama City FL X

Philadelphia PA X

Phoenix AZ X X

Raleigh NC X

Salt Lake City UT X

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 X

Waco TX X

Washington DC X

West Hollywood CA X

Rank # 

Deaths per 

Million out of 

213 Countries 

Worldwide

Rank # 

Deaths per 

Million out of 

European 

Countries 

(pop. > 2 million) Country Population

Total

Deaths 

per 

Million

2 1 Belgium * 11,595,151 851

3 2 U.K. * 67,924,946 686

6 3 Spain * 46,756,796 610

7 4 Italy * 60,451,842 582

17 8 Ireland * 4,943,652 358

8 5 Sweden 10,106,111 570

12 6 France 65,289,486 464

16 7 Netherlands 17,139,065 359

22 9 Armenia 2,963,856 267

23 10 N. Macedonia 2,083,364 253

U.S. For Comparison U.S.* 331,214,010 500

Mean 5G European Countries 617

Mean non-5G European Countries 383

p-value of  T-test, with vs. without 5G 0.0257*
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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 

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 n

State

Population

Population

Density 

(people

 per sq. 

km)

mmW

index AQI

Tests 

per 

Million

Cases 

per 

Million

Deaths 

per 

Million

% 

Cases

per Test

% 

Deaths

per 

Test

% 

Deaths

per 

Case

with 5G mmW max 39,937,489 467 1.284 51.2 39,487 13,368 1037 51.60% 3.04% 8.30%

with 5G mmW 32 mean 8,752,116   91.7 0.207 43.4 14,378 2500 126    15.50% 0.72% 4.13%

with 5G mmW min 903,027       4.29 0.006 33.5 7,224   492 10       4.50% 0.07% 0.47%

without 5G mmW max 8,626,207   287 0 47.6 21,540 6274 431    32.10% 2.20% 6.90%

without 5G mmW 18 mean 2,639,561   50.2 0 40.0 14,324 1288 55       8.80% 0.40% 3.50%

without 5G mmW min 567,025       0.502 0 21.2 6,567   412 8         2.30% 0.00% 1.30%

p-value of t-test 0.0002 ** 0.062 7.3E-06 ** 0.025 * 0.49     0.027 * 0.046 * 0.005 ** 0.022 * 0.081

Ratio of means 3.32 1.83 N/A 1.09 1.00 1.99 2.33 1.77 1.81 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, 

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 Pearsonôs 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.
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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. 
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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 non-

mmW counties, there were 7100 vs. 3797 

cases per million (ratio 1.87, p = 0.005) 

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. 

 


