Vaccination rates and COVID-19 cases: a
commentary of “Increases in COVID-19 are
unrelated to levels of vaccination across 68
countries and 2947 counties in the United States.’

Matthieu Mulot", Corentin Segalas?, Clémence Leyrat*®, Lonni Besangon*

1 Laboratory of Soil Biodiversity, University of Neuchatel, 2000 Neuchatel Switzerland.

2 Department of Medical Statistics, London School of Hygiene and Tropical Medicine, London, United Kingdom

3 Inequalities in Cancer Outcomes Network, Department of Non-Communicable Disease Epidemiology, London School of
Hygiene and Tropical Medicine, London, United Kingdom

4 Faculty of Information Technology, Monash University, Melbourne, Australia

* Corresponding author

All authors contributed equally.

Abstract

The manuscript from Subramanian and Kumar shows a lack of vaccine efficacy on Covid
Incidence. However, this paper suffers major pitfalls : inadequate outcome, lack of
confounding factors, inadequate time period (7 days), inclusion/exclusion criteria not
respected, causal inference from inappropriate data, and erroneous interpretation of the
data. We comment on these issues in detail and show that Subramanian and Kumar’s paper
is flawed and misleading.

Main
Dear Professor Hofman,

We read with interest the manuscript from Subramanian and Kumar [1] (the authors). We
have serious concerns about the methodology employed in this study. We detail these
below.

1) The study uses confirmed COVID cases at the country or county level as the primary
measure of vaccine efficacy. While the total number of cases remains an important
indicator, it does not capture the key component of a successful vaccination strategy,
which is a reduction in severe cases, hospitalizations and deaths. Controlling
hospitalization is also crucial to limit the burden on the health systems. Therefore, the
primary outcome in this study is inappropriate, or at least insufficient, and
COVID-related hospitalizations, severe forms and deaths should have been reported.
While the authors mention the omission of hospitalizations and severe forms as a
potential limitation of their analysis, they do so to highlight that “the CDC reported an
increase from 0.01 to 9% and 0 to 15.1% (between January to May 2021) in the rates
of hospitalizations and deaths, respectively, amongst the fully vaccinated.” We find
this statement very misleading. Indeed, this time period corresponds to the beginning
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3)

of the vaccination campaign, where vaccines were offered to a small high-risk part of
the population, mainly the elderly and individuals with serious comorbidities. This is
visible in the fact that vaccination for all adults was only available in April in the USA
and in May in many other countries (e.g., France or Germany). Furthermore, the
effect of an increasing vaccination rate on hospitalizations and deaths figures has
been widely explained (e.g., [2]).

The number of confirmed cases is not an accurate measure of the spread of the
disease: its accuracy is dependent on the testing capacity, on the national testing
policies [3]), on the implementation of Non-Pharmaceutical Interventions (NPIs) [4],
on the individual behavioral responses [5], and on the accurate recording of these,
none of which were accounted for in the analysis. Not including these factors can
lead to biases in the estimation of the effect of any intervention (as explained in [6]).
Although this is identified as one of the main limitations of the study, the interpretation
of the results was made using causal language without caution, despite the authors’
awareness of the issue.

The timing between the two measurements is also an issue. An arbitrary seven-day
time-window for the incidence of COVID-19 cases was used without justification
which could lead to include non-representative cases or compare countries over
different epidemic phases. Such a short period would only give a cross-sectional
view of a phenomenon spanning over months and a seven-day window is not a
relevant clinical threshold. Notably, one is considered fully vaccinated 14 days after
the second shot. Fourteen days would be the minimum to observe an individual-level
effect, but the evaluation of the indirect effect of vaccination on transmission would
require an extended follow-up. Vaccinating is a long, continuous process, occurring
jointly with successive epidemic “waves”. In addition, while the authors mention a
“sensitivity analysis” available in the supplementary materials, it is not available.
This seven-day time window thus appears unjustified and does not allow the
estimation of the effectiveness of vaccination. Besides, the vaccination status of a
population does not capture the population immunisation status, by excluding
previously infected individuals. In countries with low vaccination rate but high
seroprevalence, the immunisation status of the population remains unclear.

The inclusion/exclusion criteria are either not well defined or were not rigorously
followed. The authors have specified that they included “68 countries that met the
following criteria: had second dose vaccine data available; had COVID-19 case
data available; had population data available; and the last update of data was
within 3 days prior to or on September 3, 2021.” These are set without any
justification. Furthermore, many countries provide all of this information but are
not included in their analysis (such as France, the United Kingdom, Germany,
Switzerland, or Spain). In addition, many included countries are low and middle
income countries which have less testing capacities and might suffer a higher, yet
under-reported, burden from COVID-19 [7].

The lack of adjustment for key confounding factors could explain the reported
inefficacy of the vaccine. Indeed, the statistical analysis involves an unadjusted linear
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regression and three descriptive plots. This only allows the readers to gauge raw
(confounded) statistical associations. However, the interpretation of these results in
the manuscript is causal, which therefore conveys an inaccurate message.

6) Furthermore, based on the graphs only, the authors concluded absence of
association between the vaccination coverage and the incidence. The categorisation
of the proportion of vaccinated people into 15 categories is arbitrary, and we cannot
find an empirical justification for the claim that “cases per 100,000 people in the last
seven days is largely similar across the categories of percent of the population fully
vaccinated”. Yet, if we perform a simple non-parametric Kruskal-Wallis test to
compare the distribution of cases across these 15 groups (x* = 188.83, df = 14,
p-value < 0.01), followed by a multiple pairwise Wilcoxon test (Bonferroni corrected),
there is a strong evidence that a higher vaccination rate is associated with a lower
7-day incidence. Out of 105 pairwise comparisons, 28 showed a significant
difference, with an adjusted p-value < 0.05. Among these, the category (70-100[ has
a significantly lower seven-day incidence than every category > 15 %. This is even
clearer from the raw data, where a trend fitted from a generalized additive model
shows a decreasing incidence from 50% vaccine coverage onwards. Although this
analysis does not account for confounding factors either, it illustrates that the data
provided in the manuscript do not support the conclusions drawn by the authors.

We thus would like to highlight that the methodology does not allow the authors to draw
the conclusions written in the manuscript. This paper is not up to the standards in
epidemiology, and provides a narrative rather than testing hypotheses in a rigorous
manner. More critically, the message conveyed in the manuscript may compromise the
efforts made to encourage vaccination, despite the numerous valid scientific studies
proving vaccine efficacy.
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Relationship between cases per 100k people (last 7 days)
and percentage of population fully vaccinated across US counties as of November 9, 2021
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grp1 grp2 median grp1 median grp2 diff adj.p.val
(55,60] (30,35] 236 305,5 -69,5 2,19E-02
(55,60] (35,40] 236 317 -81 6,81E-05
(55,60] (40,45] 236 300 -64 7,33E-05
(55,60] (45,50] 236 293 -57 1,03E-03
(55,60] (50,55] 236 285 -49 2,77E-02
(60,65] (25,30] 198 263,5 -65,5 4,31E-02
(60,65] (30,35] 198 305,5 -107,5 3,00E-05
(60,65] (35,40] 198 317 -119 7,85E-08
(60,65] (40,45] 198 300 -102 1,27E-08
(60,65] (45,50] 198 293 -95 3,09E-07
(60,65] (50,55] 198 285 -87 3,93E-06
(65,70] (25,30] 152,5 263,5 -111 2,79E-05
(65,70] (30,35] 152,5 305,5 -153 5,58E-09
(65,70] (35,40] 152,5 317 -164,5 1,45E-11
(65,70] (40,45] 152,5 300 -147,5 1,46E-12
(65,70] (45,50] 152,5 293 -140,5 1,91E-11
(65,70] (50,55] 152,5 285 -132,5 1,08E-10
(65,70] (55,60] 152,5 236 -83,5 6,32E-05
(70,100] (15,20] 110 221 -111 2,19E-03
(70,100] (20,25] 110 204 -94 2,82E-02
(70,100] (25,30] 110 263,5 -153,5 1,37E-06
(70,100] (30,35] 110 305,5 -195,5 1,20E-09
(70,100] (35,40] 110 317 -207 1,34E-11
(70,100] (40,45] 110 300 -190 4,26E-12
(70,100] (45,50] 110 293 -183 1,73E-11
(70,100] (50,55] 110 285 -175 1,01E-10
(70,100] (55,60] 110 236 -126 8,65E-07
(70,100] (60,65] 110 198 -88 3,75E-03

Significant multiple pairwise wilcoxon comparison between groups (vaccination coverage categories).
P value are adjusted with Bonferroni method.



