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Abstract

The COVID-19 pandemic, caused by type 2 Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV-2), puts all of us to the test. Epidemiologic observations could critically
aid the development of protective measures to combat this devastating viral outbreak. A recent
publication, linked nation based universal Bacillus Calmette-Guerin (BCG) vaccination to
potential protection against morbidity and mortality from SARS-CoV-2, and received much
attention in public media, even before its peer review. We wished to validate the findings by
examining the association between daily rates of COVID-19 case fatality (i.e. Death Per Case)
/Days of the endemic [dpc/d]) and the presence of universal BCG vaccination before 1980, or
the year of the establishment of universal vaccination. There was no significant association in
either analysis. In this work we emphasize caution amidst the publication surge on COVID-19,
and highlight the political/economical-, arbitrary selection-, and fear/anxiety related biases,
which may obscure scientific rigor. It is underscored that physical (social) distancing (i.e.
guarantine) and use of personal protective equipment (PPE) are the only epidemiologic
measures (Iceland being a great example, where universal BCG vaccination policy was never in
place), which consistently associate with successful counteraction of morbidity and mortality
during the pandemic.
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Introduction

There is a current global crisis from the Coronavirus Disease of 2019 (COVID-19)

pandemic https://www.cdc.gov/coronavirus/2019-ncov/about/index.html. COVID-19 is caused by

type 2 Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV-2), which is a medium-
sized, enveloped, positive-stranded RNA virus of the Coronaviridae family. SARS-CoV-2 is the
pathogen of the third, large, severe respiratory syndrome outbreak caused by Coronaviruses
(CoVs) (1. SARS [severe acute respiratory syndrome] which emerged in late 2002 and
disappeared by 2004; 2: MERS [Middle East respiratory syndrome], which emerged in 2012 and

remains in circulation in camels] https://www.niaid.nih.gov/diseases-conditions/coronaviruses).

COVID-19 cases and associated deaths continue to exponentially rise

https://www.worldometers.info/coronavirus/, which naturally induces fear, anxiety and sadness

in all of us. Time is of essence towards finding definite solutions for stopping the pandemic, and
scientists are under significant pressure trying to balance speed with safety and precision

https://www.nbcnews.com/science/science-news/scientists-under-pressure-try-balance-speed-

safety-coronavirus-vaccine-research-n1168946. Since fear and sadness can alter our cognitive

control [1], there is valid concern about loosened scientific rigor in respect to the massive surge
of publications amidst the time pressure on biomedical scientists racing for a cure. Even though
the outbreak likely began in December of 2019 in Wuhan of Hubei Province in China [2], there
are ongoing uncertainties about SARS-CoV-2 epidemiology. Recent rigorous studies (including
multiple site and repeated nucleic acid based-, and also viral culture based testing) in 9
symptomatic patients with mild disease course have shown active viral replication in the upper
airway, and high viral shedding in pharynx (but lower than in sputum) peaking at 4 days of
symptoms [3]. SARS-CoV-2 virus was readily isolated from throat- and lung-derived samples,
but not from stool, in spite of high virus RNA concentration in the fecal samples [3]. Blood and

urine never yielded live virus [3]. These findings underscore the primary respiratory spread of
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SARS-CoV-2, at least during mild disease course, which has been traditionally considered to be
large droplet/contact communicated based on findings with SARS and MERS. However, some
yet unpublished work indicates the potential airborne spread of the virus [4], leading to debates
amongst infectious disease experts between contact vs. airborne protection recommendations.
Adding to the difficulties in making clear cut regulations for personal protective equipment (PPE)
use is viral shedding before symptomatic presentation [5]. Importantly, a large proportion of
infected people can be asymptomatic as indicated from Iceland

https://www.cnn.com/2020/04/01/europe/iceland-testing-coronavirus-intl/index.html, where the

largest number of SARS-CoV-2 testing per million people has been performed to date. Such
asymptomatic viral spreading may be most prominent in children, with over 50% being
asymptomatic or having mild disease [6, 7]. Additionally, some patients present with
gastrointestinal complaints, for example, and never develop respiratory symptoms

https://journals.lww.com/ajg/Documents/COVID19 Han et al AJG Preproof.pdf. Furthermore,

due to limitations in nucleic acid based analysis including quality of sample collection and
variable methodology [8], a single hasopharyngeal swab can have as low as 32% sensitivity
over the course of infection [9]. In the meantime, an asymptomatic patient may have similar viral
loads as symptomatic ones, indicating the transmission potential from such cases [10]. These
observations add to the tremendous difficulties in developing clear guidelines for PPE use

during the COVID-19 pandemic, especially in the medical setting.

As already mentioned, similarly to MERS [11] and SARS [12], pediatric patients with
COVID-19 run a much milder disease course than the elderly (especially above 60 years of age)
[13]. The exact reason for this is unknown [7], but at least in non-human primates with
experimental SARS-CoV infection, immune responses (most prominently CD8 T cell and B cell
associated) were greatly reduced in the aged host compared to younger animals [14].

Consequently, a number of immunomodulatory treatments are being explored to help patients in
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fighting the infection. Amidst these explorations, prophylactic Bacillus Calmette-Guerin (BCG)
vaccination in healthcare workers as a potential protection through immunomodulation against
COVID-19 is being investigated in Australia’s Murdoch Children’s Research Institute

https://about.unimelb.edu.au/newsroom/news/2020/march/preventative-vaccine-trial-for-covid-

19-healthcare-workers. Linking to this study is a recently uploaded, not yet peer-reviewed paper

[15] suggesting a connection between universal BCG vaccination policy and the peculiarly
significant nation based variation in case frequency and death rates from COVID-19, based on
data from March 21st, 2020. The epidemiology of the pandemic, however, is in ongoing flux.
Therefore, we decided to re-examine this question with a modified definition of death rate based

on April 3, 2020 data.

Methods

COVID-19 epidemiologic data was extracted from https://www.worldometers.info/coronavirus/

on the afternoon (2 P.M. CDT USA) of April 3", 2020 for the top 68 countries based on number
of cases. Day of country dependent “onset” was defined as first confirmed case reported and

extracted from https://ourworldindata.org/coronavirus. Total number of days from day of onset to

April 3, 2020 was calculated for each country. Due to tremendous variation in population based
testing (36/million in Indonesia to 74,416/ million in Iceland) and the importance of time between
diagnosis and death, we arbitrarily defined death rate as Death Per Case (i.e. case
fatality)/Days (dpc/d) for the endemic of each country.

Data on BCG vaccination was extracted from the BCG World Atlas [16] similarly as in [15], or
from online searches for those few countries, which were not analyzed in the Atlas, one
example being Iceland [17]. Modern "Colonial Era" countries to colonize America and Africa
were defined as: Netherlands, Spain, United Kingdom, France, Belgium, Portugal, and

Germany.
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Non-parametric Mann-Whitney U test was performed in Prism, Pearson correlation was

calculated at https://www.socscistatistics.com/tests/spearman/default2.aspx. Graphs were

created with Prism. Statistical significance was arbitrarily defined as p<0.05.

Results

As opposed to Miller, et al. [15], we did not exclude countries with a population less than
1 million from our analyses, arguing that smaller countries may actually have better policies for
universal testing (i.e. supporting rigorous epidemiologic analyses) than larger ones, Iceland
being the prime example. Rather, we decided to study the top 68 countries for number of cases
reported. This subjective cut-off was made for the Diamond Princess Cruise ship included in the
list ranking at 68" (the ship’s data was excluded). Amongst these 68 countries, we could identify
the initiation year of universal BCG vaccination in 40 (Supplementary Table 1). Out of the
countries examined, 9 did not have universal BCG vaccination before 1980 (Supplementary
Table 1), which date we arbitrarily selected as the cutoff for having BCG vaccination
“introduced” in respect to COVID-19 (since that would have affected the population of a country
40 years old and above [i.e. the population with increased vulnerability towards the infection]).
There were no countries in our list, which had universal BCG vaccination in place and decided

to stop that before 1980.

We first analyzed death rate according to Miller, et al. [15], namely death/million of the
population. Similarly as they have found, death/million death rate was significantly higher in
countries without universal BCG vaccination in place before 1980, compared to those which had
(Figure 1A, p=0.001). Yet, there was no correlation (not shown, rs=-0.21632, p=0.18) between
the year of the establishment of universal BCG vaccination and the mortality rate by

death/million as opposed to the findings of Miller, et al. In any case, it is our strong impression
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that political and economic variations between countries significantly influence COVID-19
testing rates (including in those who are pre-terminal/critically ill). The lack of a single

documented case from North Korea may represent such bias https://www.latimes.com/world-

nation/story/2020-04-04/north-koreas-official-coronavirus-count-zero-why-that-claim-is-hard-to-

believe. Additionally, the days into the country based epidemic from the first documented case
can also significantly influence death rates. This is especially true in countries at the exponential
phase of the outbreak, since critical condition usually develops 1-2 weeks after the onset of
symptoms [18] (and presumptively after the diagnostic testing). Therefore, we defined death
rate as Death Per Case (or case fatality rate)/Days from onset (dpc/d) to account for testing and

time bias.

Death rate according to dpc/d was not different between countries without universal
BCG vaccination in place before 1980, compared to those which had (Figure 1B, p=0.258).
Similarly there was no correlation (not shown, rs=-0.03136, p= 0.852) between the year of the
establishment of universal BCG vaccination and the mortality rate by dpc/d. Furthermore, to
underscore the potential for selection bias in this setting, we decided to examine dpc/d based
death rates between countries partaking in the modern era colonization of America and Africa,
and those which did not. Death rates were significantly higher in Modern Era Colonizer

countries compared to those which were not (Figure 1C, p=0.035).

Discussion

In this study, we found no association between universal BCG vaccination and country based
COVID-19 mortality variation as defined by an arguably more precise death rate (i.e. dpc/d)
definition than by Miller, et al. [15]. We show testing (political/economical), time (fear/anxiety),

and selection (i.e. arbitrary selection giving rise to significant findings, such as Modern Era
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Colonizer countries, in our example) associated bias in such epidemiologic examinations.
Speculative biologic explanation for Colonizer countries having higher mortality rates from
COVID-19 could be generated (long standing, transgenerational influence of improved prenatal
nutrition [19] on postnatal immune responses and life expectancy [leading to increased
vulnerability to COVID-19] in these richer countries compared to the rest of the world, for
example). Therefore, our work highlights the difficulties in drawing reliable epidemiologic
conclusions from the currently available worldwide data on the COVID-19 pandemic. This

conclusion is in line with experts in the field https://www.bbc.com/future/article/20200401 -

coronavirus-why-death-and-mortality-rates-differ, emphasizing that “the data is not from peer-

reviewed research, but rather is almost real-time clinical data — which can be messy and come
with many caveats”. The experts also underscore that “the lack of widespread, systematic
testing in most countries is the main source of discrepancies in death rates internationally”.
Indeed, it is the widespread testing and drastic quarantine measures for travelers that has led to
exemplary flattening of the COVID-19 outbreak curve in Iceland

https://www.icelandreview.com/ask-ir/whats-the-status-of-covid-19-in-iceland/, where there has

never been a universal BCG testing policy in place. Additionally, the use of appropriate
protective gear or personal protective equipment (PPE), especially in the healthcare setting has
added to a similar success in South Korea and China

https://www.thelancet.com/journals/lanres/article/P11S2213-2600(20)30134-X/fulltext. The lack of

strict home stay and distancing policy, however, has associated with a very recent surge of new

COVID-19 cases in Japan https://abcnhews.go.com/Health/coronavirus-live-updates-us-forces-

japan-declares-public/story?id=69992372, in spite of the country having a universal BCG

vaccination policy in place since 1942 (Supplementary Table 1). This surge follows a relatively
prolonged flat curve of the outbreak since January 15", 2020, which was likely the result of the
culturally present interindividual physical distancing and already common facemask use in the

large Japanese cities https://theprint.in/health/social-distancing-is-the-norm-in-japan-thats-why-



https://doi.org/10.1101/2020.04.09.20056903
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.04.09.20056903.this version posted April 11, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

covid-19-spread-is-slow-there/384498/. Japan is actually one of the most vulnerable countries to

COVID-19 from other epidemiologic perspectives, such as the highest percentage of elderly

population.

As far as the utility of strict PPE use amidst the pandemic, we highlight a video from an
Italian hospital where no medical staff has been infected:

https://www.youtube.com/watch?v=RsJJtI9bwwo

In conclusion, we advocate for the following based on our findings and review:

1. Widespread, national level testing for COVID-19 incorporating asymptomatic people,
due to a large proportion of asymptomatic cases, especially in children. Based on such
testing in Iceland, it is estimated that 1% of the population is, or has been infected

around 33 days into the epidemic https://www.bbc.com/future/article/20200401-

coronavirus-why-death-and-mortality-rates-differ. Repeated testing or the use of 2

different methodologies would be warranted [3], since a single nasopharyngeal swab
can have low sensitivity [9]. The testing should ideally include immunoglobulin based
seroconversion examinations to better clarify the epidemiology of COVID-19, and allow
for potential return to normal living for those seroconverted.

2. Strict physical distancing supported by widespread testing results (the lack of such in
Japan [less than 400 tests per million] associating with late surge of cases is an
outstanding example supporting this conclusion).

3. Testing should be most widespread (i.e. both patients and all personnel physically
present in an institution performing patient care) and physical distancing the most strict
(which can only be achieved by variable degree, but universal PPE use) in the
healthcare setting. This conclusion is based on observations that infection can be
asymptomatic (i.e. patients with independent complaints can be infectious), or present

with atypical symptoms (such as gastrointestinal complaints). Indeed, colleagues from
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New York City are emphasizing to “Assume everyone has the potential to harbor the

virus, even when asymptomatic, and take the appropriate safeguards”

https://journals.lww.com/ajg/Documents/COVID_NYC_AJG_Preproof.pdf. PPE policy

should consider potential airborne spread of the virus [4] since there is no current

evidence to contradict that.
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Figure Legends

Figure 1. Association between COVID-19 mortality and country based variables. A. Death
per million people in a country significantly associated with universal BCG vaccination present
before 1980 (n=9) versus not (n=59). B. Death Per Case/Days of endemic (dpc/d), however, did
not. C. Modern Era Colonizer countries (n=7) had higher death rates by dpc/d compared to

those countries which are not (n=61). P values calculated by Mann-Whitney U test in Prism
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