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Abstract

We evaluate the evolution of the epidemic in Spain during 2021. First, we report significant

differences in apparently similar health series depending on the data source. Second, we measure

the trend in pressure on hospitals and intensive care units (ICUs). Third, we provide a picture of

infections corrected for their capacity to generate severe disease and hospital pressure. Fourth, we

estimate the pressure of the latest surge on primary medical care, in terms of the increase in health

care staff needed to keep the workload per employee constant at pre-pandemic levels. Fifth, we

estimate the effect of vaccination in terms of reducing infections, hospitalizations, ICU admissions,

and deaths. In relation to the effect of vaccines, we evaluate the health cost of anti-vaxxers during

the sixth wave. We also compare the health impact of Covid with that caused by recent influenza

seasons, in a scenario where all the population had been vaccinated.
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1 Introduction

The health crisis triggered by the Covid-19 pandemic has evolved over the two years since
the virus was first detected. Various health measures have been taken in an effort to influ-
ence and adapt to the course of the pandemic. However, many of the messages conveyed
to the public by health authorities, central and regional governments, and the media are
still contradictory. One factor that certainly does nothing to reduce uncertainty is the dif-
ference between the information that is transmitted in near real time, and the information
that is published after undergoing a filtering process. If the information reaching the public
on a day-to-day basis differs from the corrected information that ends up being published
after passing through certain filters over time (for simplicity’s sake, we can call it refined
information), agents’ reaction would not have been optimal compared to reactions based
on the most accurate information. The greater the difference between the two sources of
information, the greater the divergence between actual behavior and optimal behavior under
refined information. In this paper, we present evidence of notable differences between the
information published by the Ministry of Health in its daily bulletins in PDF format, and
the refined information published by both the Center for the Coordination of Health Alerts
and Emergencies (Centro de Coordinacion de Alertas y Emergencias Sanitarias) and, above
all, the National Epidemiological Surveillance Network (RENAVE).

The information content of new infection data has varied over time. Although relevant,
the rise in new infections is less of a concern if it is accompanied by fewer hospitalizations
or ICU admissions. In this paper, we also document how the relationship between ward and
ICU hospitalizations has varied in relation to reported infections, and use this information to
provide an overview of the different waves in terms of infections generating hospital pressure
and ICU pressure.

The sixth wave (the last in Spain to date) has resulted in an exponential increase in the
number of infections, unprecedented since the beginning of the pandemic, causing a sharp
rise in the number of visits to primary care centers. Said visits are primarily associated
with requests for Covid diagnostic tests. From the information on the number of tests per-
formed, in another of the exercises we design a simple arithmetic calculation to put the work
overload in primary care centers into context. Specifically, we calculate the increase in the
number of health care workers needed to keep the workload per employee constant over time.

Vaccines have been presented as an effective tool in the fight against the disease. How-
ever, the lack of information consistent with the official data series in this regard is striking.
Using official sources on the evolution of the pandemic, in this note we evaluate the im-
portance of vaccination in reducing infections, hospitalizations, ICU admissions and deaths.
We also examine whether there is any relationship between vaccination and the average
length of hospital stays. In relation to the effect of vaccines, and under the assumption
that the vast majority of those who were not vaccinated when the sixth wave started had
made the decision voluntarily (which we can call antivaccine attitude), we evaluate cost in
health terms of vaccine hesitancy. Finally, we compare the incidence of Covid-related hospi-
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talizations and deaths in a fully vaccinated population with that of a typical influenza season.

The rest of this document is organized as follows: section (2) presents the discrepancies
between the information published daily in the bulletins and the subsequently refined in-
formation; section (3) characterizes the waves of infections and hospital pressure during the
year 2021; section (4) discusses the changes in the average length of stay in hospital; section
(5) calculates the number of infections under the assumption that they would have the same
capacity to generate hospital and ICU admissions throughout the year; section (6) provides
a simple estimate of the pressure on primary care centers during the sixth wave; section
(7) estimates the effect of vaccines on health series and performs different counterfactual
exercises; section (8) offers some proposals to reduce the impact of the virus on primary care
and hospital centers in the Spanish health system. The last section (9) presents the main
conclusions.

2 Covid data in Spain: discrepancies between data

sources

The daily update bulletins released by the Center for the Coordination of Health Alerts and
Emergencies in PDF format (hereinafter Bulletins for short) provide daily information on
new infections, hospitalizations and deaths. This is the information that is basically trans-
mitted to the general public through the media. The same agency also produces open data
on healthcare capacity (hereinafter Open Data) which provides this same information by
province, in electronic format and also on a daily basis. This database undergoes modifica-
tions over time due to a data cleaning process.

Figure 1 shows the relative difference, in percentages, between the data from the Bulletins
and the Open Data, in relation to ward hospitalizations and ICU admissions. In general, the
daily data published in the Bulletins overestimate the number of patients admitted to the
ward due to Covid-19 by an average of 2 percentage points, although this difference is very
volatile, reaching an average difference of more than 4 percentage points in December, with
some days exceeding 8 percentage points. Although the differences in reporting relative to
ICU admissions are somewhat better, the fact remains that during the month of December
the daily bulletins overestimated actual admissions by an average of more than 3 percentage
point reaching errors of more than 6 percentage point during the first two weeks of the month.
For this reason, whenever possible, we have preferred to use Open Data rather than Bulletins.

To address some of the aspects dealt with in this study, we rely on age-disaggregated in-
formation on confirmed cases reported to the National Epidemiological Surveillance Network
(RENAVE, hereinafter). These data provide daily information on the number of infections,
hospitalizations, ICU admissions and deaths by sex, province and age group. Unfortunately,
there are considerable differences between the Open Data and RENAVE series in terms of
the level of data1. Figure 2 shows the daily evolution of hospital and ICU admissions with

11According to RENAVE, these differences are due to the fact that the Open Data come from the
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Figure 1: Differences (in %) between Bulletins and Open Data

both sources of information (2a and 2b), as well as the differences in percentages between
the two (2c). As can be seen, although the profile of the series obtained with data from both
sources is very similar, Open Data overestimates the influence of the epidemic on health
indicators. In relative terms, these differences, on average during 2021, are 31 percent for
hospitalizations and 63 per cent for ICUs.

3 Waves of contagions and hospital pressure

Health data trends during 2021 are displayed in Figure 3. Subplot 3a shows the evolution
over time of new daily Covid cases detected during 2021. The year began in the middle of
the third wave, which started in early December 2020. There was a very mild fourth wave
starting in March. The fifth wave, which was more intense in terms of infections, started at
the end of June. The sixth and last wave is unparalleled in terms of both the number of
confirmed infections and the growth rate. In the first part of the wave, the rise in infections
was basically driven by the delta variant of the coronavirus, which was overlapped by the
new omicron variant, as can be seen in the graph by the acceleration in the rate of infection
in the last weeks of the year.

Subplots 3c and 3d show the percentage of beds occupied by Covid-19 patients in hospital
wards and ICUs. There is a lag of approximately 10 days between the growth of infections
and increasing hospital pressure on the ward, and between 15 and 20 days between infections
and pressure on ICUs. On the other hand, as can be seen in the adjusted trend line, the
pressure on the wards and on ICUs clearly declined over the course of 2021. At the end
of the year, the percentage of occupied ward beds in Spain was approximately 9 percent,
much lower than the 22 percent reached in the third wave, with three times more confirmed
daily infections than at the peak of the third wave. The aggregate pressure on the ICUs was

reports provided by each hospital on new admissions to COVID-19 beds, which include people hospitalized
with COVID, for COVID, or even with suspected COVID that is not subsequently confirmed. This means
that the number is systematically higher than the number of admissions recorded by RENAVE, where in
theory the admissions are only for COVID-19, excluding those admitted with COVID-19 and including only
confirmed cases.
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(a) Differences in hospitalizations (b) Differences in ICU admissions

(c) Differences in hospitalizations and ICU
admissions (%)

Figure 2: Differences between Open Data and RENAVE

around 20 percent, a long way off the 44 percent reached during the third wave, before the
population had the opportunity to be fully vaccinated. Not surprisingly, the daily deaths
shown in subplot 3b stood at just under 120 people at the end of 2021, a noteworthy figure
but six times lower than the peak in daily deaths registered at the beginning of February of
that year.2.

4 The average length of stay in hospital

Figure 4 shows the average length of stay in hospital wards and ICUs. ICU admissions are
divided, in turn, between patients that required a ventilator and those that did not. To
estimate the duration, it has been assumed that the probability of leaving the hospital (or
ICU) that existed when the patient was admitted to the hospital (or ICU) will remain con-
stant during their stay. The probability of leaving the care unit (hospital ward or ICU) is
then determined on the day of admission by calculating the sum of hospital discharges and
deaths divided by the number of persons admitted that day. Under these assumptions, the
estimated length of stay is the inverse of this probability.

2Daily death data were obtained from the daily PDF bulletins.
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(a) Infection waves during 2021 (b) Daily deaths due to Covid

(c) Confirmed infections (left) and
percentage of hospital beds occupied by

Covid patients (right).

(d) Confirmed infections (left) and
percentage of ICU beds occupied by

Covid patients (right).

Figure 3: Health data trends during 2021

It can be seen that the length of stay in hospital presents notable variation over time.
For example, over the course of 2021, the mean length of stay for non-ventilated patients
in ICUs (4b) fluctuated between 12 days in the first month of the year, and 7 days in the
summer months. The existence of these oscillations in the duration of admission is compat-
ible with a relatively constant trend over the year as a whole (dotted line). According to
this trend, the mean length of stay on the hospital ward is just under eight days (4a), only
one day less than the mean length of stay in non-ventilator ICUs. However, the ventilator
requirement considerably increases the duration of ICU admission to 23 days on average (4c).

5 Homogeneous infection series corrected for disease

severity

An aspect of great importance, which allows us to characterize the evolution in the severity
of the disease, is the potential for those infected with coronavirus in each period to end up re-
quiring hospital care or admission to ICUs (Figure 5). To capture this factor, we divided the
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(a) Average length of hospital admissions
(days)

(b) Average stay (days) in non-ventilator
ICUs

(c) Average stay (days) in ventilator ICUs

Figure 4: Average hospital stays

number of new hospital admissions by the number of new infections 10 days earlier, assuming
a lag between the detection of infection and admission to hospital, which is consistent with
the evidence presented above (subplot 5a). The exercise is repeated for ICU admissions, but
this time assuming a 15-day lag (subplot 5b). In both cases a marked downward trend is
observed, with a significant drop during the month of December, in the midst of a wave of
omicron infections.

The potential of the virus to generate hospital and ICU admissions peaked at the end of
March and beginning of April, coinciding with the growing phase of the fourth wave. On the
other hand, hospital admissions per infected person, both in wards and ICUs, were at their
lowest levels at the end of the year.In fact, hospital admissions (ICU admissions) per 1000
infections fell from 79 (13) persons during the fourth wave to 10 (1.3) persons during the
sixth wave, i.e. the virus’s ability to generate hospital admissions (ICU admissions) dropped
from the year’s peak to one eighth (one tenth) of this value.

Having documented this fact, in Figure 6 we examine what the wave profile would have
been if infections in the different waves during the year 2021 had generated exactly the same
number of ward and ICU admissions per 1000 infected patients.
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(a) Hospital admissions per 1000 cases

(b) ICUs admissions per 1000 cases

Figure 5: Hospitalization and ICU admission rates

To this end, we date the onset of each wave and calculate the elapsed time from the onset
to the peak of each wave. Let us call that period Tk, where k refers to the wave in question
(k = 3, 4, 5, 6). Next, we calculate the cumulative number of infections during that time,

ZATk
=
∑
t∈Tk

Zt (1)

where Zt refers to new infections in t and ZATk
to the cumulative cases during the beginning

and the peak of wave k.

At the same time, we also calculate the cumulative admissions to the corresponding
hospitals,

IHATk
=
∑
t∈Tk

IHt+10 (2)

where IHt+10 refers to new ward admissions at t + 10 and IHATk
to the cumulative ward

admissions during the beginning and the peak of wave k, with a 10-day lag.
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The equivalent of the above expression for ICU admissions is as follows:

IUATk
=
∑
t∈Tk

IUt+15 (3)

where IUt+15 refers to new admissions to ICUs in t + 15 and IUATk
to cumulative ICU

admissions during the beginning and peak of the wave k, with a 15-day lag.

From the above expressions we can obtain a factor of average hospital admissions (ward
and ICU) per infected patient in wave k

fH
k =

IHATk

ZATk

for k = 3, 4, 5, 6

fU
k =

IUATk

ZATk

for k = 3, 4, 5, 6

Once the factor with the highest value among the above factors has been identified (let
us call fH

k∗ and fU
k∗ them), correction factors can be computed

sHk =
fH
k

fH
k∗

for k = 3, 4, 5, 6

sUk =
fU
k

fU
k∗

for k = 3, 4, 5, 6

These are used to obtain the Hospital Admissions Generating Cases (HAC ) and ICU Ad-
missions Generating Cases (IAC ), the results of which are shown in Figure 6. Given that,
as we have already seen, the infections that had the greatest capacity to generate admissions
to hospitals and ICUs occurred in the fourth wave (k∗ = 4), it is in the remaining three
waves that a flattening of the curve of infections would occur. The orange and green lines in
Figure 6 are therefore interpreted as the profile that the waves of infections would have had
if the infections in all waves had resulted in as many hospital admissions as in the fourth wave.

HAC and IAC divide by a factor greater than 6 the observed series of infections during the
sixth wave. From this perspective, by the end of 2021, the dailyHAC would be approximately
16 thousand, and the IAC approximately 13 thousand, still well below the peak of the 22
thousand HAC and IAC of the third wave.

Figure 7 represents an alternative correction in which, instead of using the cumulative
number of new admissions, we use the difference during the period Tk between the total
number of patients hospitalized at the peak and at the beginning of the wave (with a lag
of 10 days in the case of hospitalized patients and 15 days in the case of those admitted
to ICUs). In other words, all we do is replace expressions (2) and (3) with the following
expressions

V HTk
= Htp+10 −Hti+10 (4)
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Figure 6: HAC and IAC

Figure 7: HPC and IPC

V UTk
= Utp+15 − Uti+15 (5)

where Htp+10 and Hti+10 represent, respectively, the hospitalized stock at the peak and
at the beginning of the wave (with a lag of 10 days, and V HTk

is the variation in the hos-
pitalized stock during the growth period of wave k infections (with a lag of 10 days). The
same interpretation applies to the change in ICU admissions, V UTk

.

This correction better captures the impact of infections on hospital pressure by also con-
sidering hospital outflows. For this reason, we call the series corrected in this way Hospital
Pressure Generating Cases (HPC ) and ICU Pressure Generating Cases (IPC ). As previously
indicated, the longest duration of hospital stays on the ward and in ICUs occurred during
the third wave, so the infections that were most likely to generate pressure on hospitals and
ICUs occurred during this wave (k∗ = 3).

The conclusions obtained with this correction are quite closely in line with the admission
generating cases. Based on the principle of infections generating the same hospital or ICU
pressure throughout 2021, the cases detected during the sixth wave should be reduced by
a factor of between 3.6 and 4.5. Thus, by the end of 2021, HPC would be approximately
29 thousand, and IPC approximately 23 thousand, still below the peak of the 36 thousand
HPC and IPC of the third wave.
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6 Pressure on primary care in the sixth wave

The very rapid growth in the number of cases detected during the sixth wave has led to an
increase in the number of visits to primary care centers. In this section we provide a metric
to quantify the pressure that the sixth wave of infections has placed on these centers. Our
approach can be considered a simple back-of-the-envelope calculation, and is based on two
principles: homogeneity and prudence.

In its strictest version, the principle of homogeneity would mean that infections are dis-
tributed homogeneously among the districts assigned to the different primary care centers
according to the size of the center; applied less strictly, this principle would imply that the
human resources of the national health system are allocated efficiently in time and space
throughout Spain. The more unequal the health situation, in terms of infection rates, be-
tween the different health districts in the country as a whole, and the greater the restrictions
on the reallocation of resources between districts, the greater the deviation of the real cost
from that reported in our exercise3.

In accordance with the principle of prudence, we prefer to make assumptions that tend
to be at the upper limit of the cost that the sixth wave may impose on primary care centers.
For example, we consider that all visits ending with a Covid diagnostic test have taken place
in primary care centers and in the public health system. These figures therefore include
Covid-19 patients who are diagnosed in public or private hospitals and in private primary
care centers.

We also assume that all sick leave management is also done in public sector primary
care centers, and that all those diagnosed with the infection will require sick leave. This is
again an upper limit to the resource cost of the sixth wave, as in reality many of those in-
fected are children, or the unemployed and inactive population, who do not require sick leave.

On the other hand, our calculations are based on the cautious assumption that the
coronavirus epidemic has not affected the number of infections with other diseases. For
example, we consider that seasonal influenza infections remain within the normal values of
pre-pandemic years, i.e., there is no reduction in the pressure on health centers due to a drop
in influenza cases.

The principle of prudence is also applied to the times assigned to the different activities
carried out in primary care centers related to new infections. Among these activities we
distinguish two groups: those related to the diagnosis of the disease, and those related to
the management of bajas and altas4.

Table 1 shows the assumptions about the time spent on the different tasks in each of

3This statement can be rationalized under the assumption that the central planner prefers a more equitable
distribution of the cost of the increase in infection rates in the national territory to a less equitable one.

4By means of bajas and altas we refer to the management of the administrative procedure for certification
of sick leave and the end of sick leave or fitness to return to work.
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Task Time (minutes) Professional
Diagnosis-related activities

Making an appointment 5 Receptionist/telephonist
Pre-test diagnosis 10 Physician
Conducting Test 10 Nurse
Processing Test 10 Lab technician

Activities related to bajas and altas
Appointment (leave + return) 10 Receptionist/telephonist
Sick leave + return 20 Physician

Table 1: Assumptions about the time required per patient

these two groups of activities, as well as the type of professional involved. From the start of
the sixth wave until January 14, 2022, a total of 89 days elapsed and 17, 012, 516 Covid-19
diagnostic tests were performed, according to the Ministry of Health’s Open Data. Using
the assumptions in Table 1, we can transform these tests into minutes involved, minutes into
hours, hours into workdays of 7.5 hours per day, and assuming a five-day work week, we
obtain the total number of professionals working 37.5 hours per week involved exclusively in
Covid-19 diagnosis in primary care centers during the sixth wave.

On the other hand, 3, 610, 015 cases were detected in those 89 days. Assuming that all
of them require reports certifying the beginning and end of sick leave, and proceeding in
a similar way to that described in the previous paragraph, we obtain an estimate of the
total number of professionals involved exclusively in the management of paperwork related
to Covid-19 sick leave.

The results of the calculations can be found in Table 2. As we have already indicated, we
consider these results to be the upper limit. According to our calculations, the total number
of staff required to cope with the pressure on primary care centers caused by the sixth wave
would be 26, 515 professionals. According to the Main Data of the National Health System
published by the Ministry of Health in May 2021 (Ministerio de Sanidad, 2021), there are
13, 000 primary care centers in Spain, so it would be necessary to increase the staff of each
center by slightly more than 2 professionals on average to compensate for the excess work-
load caused by the sixth wave.

Table 3 shows the increase in personnel required by professional category. The Ministry of
Health (2021) distinguishes between physicians, nursing staff and other professionals, whose
staffing levels are shown in the second column. The category “other professionals” includes
receptionists and laboratory technicians. The third column shows the increase in staffing for
each professional required to keep the workload constant at the levels prior to the sixth wave.
There are three ways to interpret these results. The first is the increase needed in the number
of workers in each professional category. Another way to interpret these figures would be
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Days elapsed 89
Tests performed 17, 012, 516
Cases detected 3, 610, 015
Task Increase in the number of professionals Professional

Diagnosis-related activities
Making an appointment 3, 675 Receptionists
Pre-test diagnosis 7, 350 Physicians
Conducting Test 7, 350 Nurses
Processing Test 7, 350 Technicians
Subtotal 25, 729

Activities related to bajas and altas
Appointment (leave + return) 1, 262 Receptionists
Sick leave + return 2, 524 Physicians
Subtotal 3, 786
Total 29, 515

Table 2: Demands on primary care centers for the sixth wave (staffing requirements)

Number of current professionals Workload (%)
Diagnosis-related activities

Physicians 43, 000 17.06%
Nurses 39, 000 18.85%
Others 34, 000 32.43%

Activities related to bajas and altas
Physicians 43, 000 5.87%
Others 34, 000 3.71%

Table 3: Demands on primary care staff for the sixth wave (workload)

in terms of the excess workload imposed on each professional category if no additional staff
were hired. A third interpretation would be as a measure of the reduction in care provided
to other patients to keep staffing and workloads constant.

According to these results, the sixth wave would have increased the aggregate workload
of the Other Professional category, which includes receptionists/phone operators and also
laboratory technicians, by more than 36 per cent. The aggregate workload of physicians
would have increased by about 24 percent, of which about 6 percent is due to managing the
certification of the beginning and end of sick leaves. For nurses, the increase in workload
would have been about 19 percent.
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Underlying the above calculations is the implicit assumption that the workload has been
evenly distributed since the beginning of the sixth wave, although the cumulative workload
over the intervening time is consistent with the cumulative number of cases detected and
tests performed. In reality, infections have accelerated over time, so the workload would
be higher in the last month and lower at the beginning of the wave. In fact, if we repeat
the calculations only for the cases detected between December 15 and January 14 (the last
month with available data), we obtain an increase (with respect to the pre-pandemic situa-
tion) of 46, 008 professionals needed to cope with the extra workload in the last month 39%
more physicians, 27% more nurses and 55% more other professionals, including laboratory
technicians). As we have indicated, we consider these figures to be the upper limit of the
workload increase.

7 The health effect of vaccination

The scientific community is in no doubt as to the effectiveness of vaccination in reducing
transmission and preventing the development of severe disease after Covid-19 infection. To
date, however, there is no empirical evidence on the extent to which vaccination has con-
tributed to effectively reducing the incidence of Covid-19 in Spain. In this section we provide
an estimate of the effect of vaccination on infections, hospitalizations, ICU admissions and
deaths during 2021.

The specific data used to carry out the simulations in this section come from different
official sources. First, in Table 10 of the update no. 529 of the Bulletin of December 23, 2021
from the Ministry of Health, information appeared (sporadically) on the number of infec-
tions, hospitalizations and deaths, distinguishing by age group and according to whether the
affected person was vaccinated or not. From this table we can define the average incidence
of new infections (per 100,000 inhabitants) among the population with a vaccination status
d in age group e (let us call it zd,e) during a window s̃ of s weeks for which we have infor-
mation (i.e. the 8 weeks between October 18, 2021 and December, 12, 2021). The d index
can refer to the fully vaccinated population (vc), to the population that has not received
any Covid vaccine (vn), or to the population that has received a dose of a vaccine, but is
not fully vaccinated (vi). That is to say d = {vc, vn, vi}. Furthermore, the index e divides
the population into groups aged from 12 to 29 (e = 1); from 30 to 59 (e = 2); from 60 to 79
(e = 3); and older than 80 (e = 4); thus, e = {1, 2, 3, 4}.

Secondly, data from RENAVE (2021) are used5. Information from a one-off table from
the Ministry of Health (2021b) has also been used, as well as population data by age from
the National Institute of Statistics, INE (2021). The data are worked in terms of weekly
flows, from the first week of April 2021, since this is when data on the vaccinated population

5This is the only source that makes it possible to distinguish influence on health indicators by age. The
comparison between this data file and the Open Data from the Ministry of Health shows that the figure for
total cumulative hospitalizations is about 30 percent lower in the RENAVE data than in the Open Data,
and total ICU admissions is about 60 percent lower.
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according to vaccination status and by age groups become available

The basic assumption we use is that the average incidence rates of the vaccinated relative
to those of the unvaccinated and the partially vaccinated remain constant during 2021. That
is, if we define the mean relative incidence of the vaccinated to the unvaccinated (x), and to
the partially vaccinated (y), by age group, this relative incidence is assumed to be unchanged
over time.

xe
z =

zvc,e

zvn,e
; xe

h =
hvc,e

hvn,e
; xe

u =
uvc,e

uvn,e
; xe

f =
f vc,e

f vn,e
(6)

yez =
zvc,e

zvi,e
; yeh =

hvc,e

hvi,e
; yeu =

uvc,e

uvi,e
; yef =

f vc,e

f vi,e
(7)

where z, h, u and f refer to infections, hospitalizations, ICU admissions and deaths. The
longer the duration of vaccine effectiveness, or the sooner the booster dose is given, the more
easily this assumption is satisfied. In our opinion, in most cases of complete vaccination, the
time elapsed since the last vaccination guarantees the complete effectiveness of the vaccine
and, therefore, we believe that the assumption is very reasonable.

Under this assumption, we can obtain an estimate of the incidence of infection among
the fully vaccinated in age group e, which is unobserved over time, from the expression (see
Appendix A for derivation)

r̂vc,ej =
rej(

P vc,e
j

P e + 1
xe
r

P vn,e
j

P e + 1
yer

P vi,e
j

P e

) (8)

where subscript j refers to week j of the year 2021, r can refer to z, h, u or f ; P e is the
Spanish population in age group e; and P vc,e

j , P vn,e
j , P vi,e

j represent, respectively, the vacci-
nated, unvaccinated and partially vaccinated population in age group e in week j.

Thus, to estimate the incidence (infections, hospitalizations, ICUs, deaths) among the
fully vaccinated in age group e in week j of the year 2021, we need the observed incidence
in that age group, the relative incidences (x, y) calculated as above, and the percentages of
the fully vaccinated, unvaccinated and partially vaccinated population by age group.

Note that the difference in week j between the observed incidence by age group, rej , and
that estimated for the fully vaccinated by age group, r̂vc,ej , will be greater the smaller xe

z (the
average relative incidence of the vaccinated relative to the unvaccinated) and the greater the

proportion
P vn,e
j

P e of the unvaccinated in the population.

Our procedure allows us to perform different counterfactual exercises using estimation
(8). Details on the procedures used can be found in Appendix A, while Appendix explains
some corrections made to the original data in order to make them consistent with the popu-
lation information published by INE. Some of the counterfactual simulations performed are
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described below.

7.1 Counterfactual 1: Vaccine not available during 2021

This first exercise seeks to describe the situation in a scenario in which the vaccine had not
reached the Spanish population. Given the same social behavior as that observed, how would
the health indicators have evolved? To carry out this exercise we first simulate the evolution
of the series of infections, hospital admissions, ICU admissions and deaths, assuming that
the vaccines had not existed, and subtract those observed. This difference will give us the
effect of vaccination in Spain for the same social behavior in the counterfactual scenario as
in the observed scenario (i.e. the results would be different if, in the absence of vaccination,
the competent authorities had restricted social interactions beyond the restrictions in effect
during 2021).

Figure 8 shows the weekly evolution of the flows of infections, hospitalized patients, ad-
missions to ICUs and deaths. The blue line shows the observed evolution and therefore
incorporates the effect of the vaccines as the different age groups of the population gain ac-
cess to them. The orange line represents the evolution of the series in the scenario in which
there was no vaccine available during 2021. A marked vaccine effect is observed in all flows,
although less so in the infections than in the series capturing the severity of infections. The
decoupling since the end of the summer between the observed series and the simulated series
in the absence of vaccines is very striking.

The cumulative differences over the year between the two series are shown in Table 4,
which divides the population into four age groups. To help interpret this table, let us look
at the case of infections. The first row shows the cumulative differences between what would
have happened to infections in the absence of vaccination and the actual observed behav-
ior of infections. For example, in the absence of vaccination, cumulative infections would
have increased by 3, 048, 407 from the first week of April. This increase in infections would
naturally lead to immunization of part of the population, so the values shown in Table 4
should be interpreted as an upper limit, although fairly close to the real one. As we can see,
the increase in the number of infections would have had a particularly marked effect on the
60-79 age group. The values in the second row represent the increase in percentage terms
with respect to the cumulative observed values from April for each age group. In the 80+
age group, infections would have increased by 388 percent. The third row gives an idea of
the relative importance of the age group in the total increase in infections in the absence
of vaccination. For example, the increase in infections in those under 30 years of age would
have accounted for 15 percent of the total increase.

If we now look at the deaths section, we see that if there were no vaccines, Covid-19
deaths would have increased by almost 571 percent . It is interesting to note that those
under 60 years of age would account for only 2.1 percent of the total increase, while those
over 80 years of age would have been hit the hardest
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(a) Weekly cases (b) Weekly deaths

(c) Weekly Hospital Admissions (d) Weekly ICU Admissions

Figure 8: Health series: observed and counterfactual for non-vaccines

Overall, the results indicate that the relative benefit of vaccination increases with the
severity of the indicator, being greater for deaths and ICU admissions and less notable for
infections and hospitalizations.

7.2 Counterfactual 2: the influence of anti-vaxxers on the devel-
opment of the sixth wave

What would have happened if 100 percent of the population over 12 years of age had been
vaccinated when the sixth wave began? By means of this counterfactual exercise we try to
establish the influence of the vaccine-hesitant population on the evolution of health indicators
during the sixth wave. The starting assumption is that, in the first week of November, the
entire population over 12 years of age had been offered all doses of the vaccine, so that the
unvaccinated could be considered anti-vaxxers. The difference between our counterfactual,
in which we assume that the entire population is vaccinated at the beginning of the sixth
wave, and the health data actually observed will give us the influence of vaccine hesitancy
on the cumulative values of health indicators in the sixth wave until the end of December.

The results in Table 5 suggest that vaccine-hesitant people during the sixth wave through
the end of December would have increased infections by 14%, hospitalizations by 44% (79%
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10 to 29 30 to 59 60 to 79 Older than 80 Total

Cases
Difference from observed 596,001 784,586 1,386,005 281,815 3,048,407

Difference from observed (%) 52 50 388 335 96

Percentage of total difference (%) 20 26 45 9 100

Hospitalizations
Difference from observed 5,730 54,713 198.836 99,624 358,904

Difference from observed (%) 70 132 589 513 349

Percentage of total difference (%) 2 15 55 28 100

ICU admissions
Difference from observed 254 8,927 43,315 3,305 55,801

Difference from observed (%) 48 172 762 900 474

Percentage of total difference (%) 0,5 16 77.5 6 100

Deaths
Difference from observed 95 1,395 24,996 42,037 68,523

Difference from observed (%) 197 126 562 656 571

Percentage of total difference (%) 0.1 2 36.4 61.5 100

Table 4: Effect of vaccination from April 1, 2021

for the 30-59 age group), ICU admissions by 78% (143% for the 30-59 age group), and deaths
by 32% (53% in the 30-59 age group).

7.3 Counterfactual 3: health indicators with the entire population
vaccinated; comparison with the incidence of influenza

In this third exercise, we raise the question of what would have happened to the health
indicators if the entire population had been vaccinated from the moment we have data on
vaccination by age and vaccination pattern, that is, from the first week of April. We then
compare the cumulative values from April to December of infections, hospital admissions
to the ward, ICUs and deaths, under the assumption that 100 percent of the population
would have been vaccinated in that period, with the data on the incidence of influenza in
the 2017-2018, 2018-2019 and 2019-2020 seasons. We also offer, for reference, the actual
Covid data reported by RENAVE for the entire year of 2021.

The objective of this exercise is to illustrate the impact of the disease on the health of the
population and on the health system, in a simulated scenario in which the entire population
had been vaccinated against Covid. The results can be found in Table 6. The first column
shows the observed results for total infections, hospitalizations, ICU admissions, and deaths
from April 2021. The second column shows the simulated aggregates from the first week
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10 to 29 30 to 59 60 to 79 Older than 80 Total

Cases
Difference (Observed - All vaccinated) 97,774 80,671 22,521 3,308 204,274

Difference (Observed - All vaccinated) (%) 26 10 13 10 14

Percentage of total difference (%) 48 39 11 2 100

Hospitalizations
Difference (Observed - All vaccinated) 731 3,315 2,489 840 7.376

Difference (Observed - All vaccinated) (%) 124 79 34 17 44

Percentage of total difference (%) 10 45 34 11 100

ICUs Admissions
Difference (Observed - All vaccinated) 25 507 536 33 1.101

Difference (Observed - All vaccinated) (%) 80 143 57 40 78

Percentage of total difference (%) 2 46 49 3 100

Deaths
Difference (Observed - All vaccinated) 9 65 215 257 546

Difference (Observed - All vaccinated) (%) - 53 38 25 32

Percentage of total difference (%) (%) 2 12 39 47 100

Table 5: Effect of the unvaccinated population in the sixth wave

of April, under the assumption that the entire Spanish population over 12 years of age had
been fully vaccinated against coronavirus. The following three columns provide informa-
tion on the incidence of influenza according to the Spanish Influenza Surveillance System of
the National Epidemiological Surveillance Network, for the 2017/18, 2018/19 and 2019/20
seasons. Note that we are comparing complete influenza seasons, with only the last three
quarters of 2021 for Covid.

In any case, comparing columns two and three does not reveal particularly unfavorable
differences in the damage caused by Covid-19, under the assumption of the entire pop-
ulation being vaccinated, with respect to a seasonal flu season that was rated as having
moderate/high activity. In fact, mortality caused by 2017/18 flu would far exceed that
caused by Covid-19 during 2021. Infections are not comparable as influenza diagnostic tests
are not part of the routine screening procedure. We must introduce, however, two important
considerations: (a) the 2021 season for Covid-19 is incomplete, as information for the first
quarter is missing; (b) not all the population at risk is vaccinated against influenza.

In any case, the results introduce a certain dose of optimism about the possibility that,
in the near future, the influence of coronavirus on the health system, with a population
suitably aware of the need for vaccination, will be similar to that of influenza. Covid-19 is
a new disease caused by a new coronavirus. The population and those responsible for the
health system must adapt to this structural change and normalize it. As with influenza, we
will never be sure of the degree of activity of the new variants that may appear. Fortunately,
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Covid (obs) Covid (vac) Flu Flu Flu

Apr-Dec 21 Apr-Dec 21 (17/18) (18/19) (19/20)

Cases 3,169,872 2,319,807 70,000 490,000 619,000

Hospitals 102,847 44,763 52,000 35,300 27,700

ICUs 11,764 3,443 3,000 2,500 1,800

Deaths 12,008 6,601 15,000 6,300 3,900

Table 6: Influence on health indicators with complete vaccination

vaccination is our ally in this fight: as we have shown in these exercises, it has reduced the
health impact of the epidemic to the level of that of a bad flu season.

8 Proposals for reducing the health and economic im-

pact of coronavirus.

From the reading of our calculations and estimates in the previous pages, there is a first
conclusion that is very important to highlight, even if it is already widely known: the vac-
cines have been effective—very effective in fact—and have significantly changed the course
of the pandemic. With all due caution, it can be noted that the number of people who
develop severe disease and, therefore, are admitted to ICUs or eventually die, has decreased
drastically as a percentage of total infections. Our estimates should be taken with some
caution because, although they reflect the situation in 2021, they only partially reflect the
incidence of the omicron variant of the virus. In any case, from what we know so far, it does
seem that this variant, although much more contagious, is less likely to cause severe disease
(by itself or in conjunction with the mass vaccination program in our country), as can be
seen in our data from the sixth wave.

If, as it seems, we are condemned to a near future in which the Covid-19 virus does not
disappear, but has a recurrent seasonal character, what can be done to reduce the economic
and health impact of Covid-19 when new waves of the virus appear?

First, health authorities should develop contingency plans to be able to efficiently re-
inforce the primary care system, the hospital system and intensive care. In this regard,
correctly assessing the workload increases that occur in situations of pandemic stress is of
paramount importance; based on this information, extra staff can be hired to ensure that
other medical needs are met. In such situations of pandemic stress, permanent or backup
healthcare personnel should be able to be temporarily transferred from their usual work
stations to others that are saturated. It is a fact that on many occasions the incidence of
the virus is very unequal between health districts (or municipalities, provinces, or regions)
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and there should be no reason why human resources cannot be mobile. Indiscriminately
increasing the number of permanent positions does not seem to be the most sensible option
if there are going to be peaks of excess work in the future (as there always have been; for
example, in flu seasons).

Secondly, it seems sensible to intensify incentives of all kinds to encourage the unvacci-
nated to get vaccinated. Without having to curtail individual freedom, health passports (or
daily tests) should be required for access to all kinds of public and private events in enclosed
spaces or mass events in open spaces. The idea is that unvaccinated people would find it
more difficult to access leisure and recreational activities and this would persuade them to
get vaccinated. These measures can be justified by the social cost the unvaccinated generate.

Third, rapid and efficient procedures for antigen or PCR testing should be established.
The collapse of primary care is due in part to medical procedures that are neither techni-
cally demanding nor particularly time-consuming, such as diagnosis of the disease via tests
or certifying the beginning and end of sick leave. In large cities, test centers could be set up
in different parts of the city, independent of the primary care centers. With very few med-
ical, health and administrative personnel they can manage testing and sending the results
to the patients’ cell phones. In the same way, the results could be communicated to the
administration in charge of sick leave, establishing streamlined administrative procedures
to manage the sick leave and subsequent return-to-work authorizations. For example, an
employee could request sick leave as soon as a patient has a confirmed positive test. The sick
leave could then be automatically ended within the timeframe decreed by the experts (5, 7
or 10 days), unless the patient required additional care, in which case the regular physician
could continue with treatment.

Finally, another aspect that would alleviate the burden on public health care in situations
of pandemic stress would be to strengthen coordination and cooperation with the private
sector. The private healthcare sector can assist in healthcare management in these situations
by putting in place contingency plans that allow for the establishment of agreements. The
possibility of referring patients, tests, hospitalizations or ICU stays to private healthcare
could in many cases help to relieve the strain on public healthcare.

9 Conclusions

This paper provides an overview of the Covid-related health situation in Spain during 2021,
showing how far we have come, and indicating what we can expect in the future. The over-
exposure of experts, journalists, talk-show hosts, or politicians giving their opinion on the
pandemic tends to generate contradictory or confusing messages. Our aim in this study
has been to answer, with the support of official data and relying on cautious assumptions,
relevant questions that frequently appear in the public debate: How has the pressure on hos-
pitals and ICUs evolved over time? Has the fatality rate of the virus changed? What about
the length of hospital stays? What would the waves of contagion look like if we assumed the
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same probability over time that an infected person would develop severe disease? How much
strain is the sixth wave putting on primary care? How many infections, hospitalizations and
deaths has vaccination prevented? What is the cost of vaccine hesitancy in terms of hospi-
talizations and deaths during the sixth wave? How different would a scenario of widespread
vaccination against Covid-19 be from a standard flu season?

By way of summary, our answers to the above questions are as follows;

1. There is a clear downward trend in the pressure on hospital beds on the ward and in
ICUs.

2. The fatality rate of the virus has been drastically reduced during 2021.

3. Conditional on admission to a hospital (ward or ICU) there is no clear trend change
in the duration of hospitalizations.

4. The ability of the virus to end up generating severe complications has been declining
over time, so if we were to correct for this fact, in the sixth wave at the end of December
2021 we would have been below the peak of the third wave in early 2021.

5. To maintain the workload of primary care staff at pre-pandemic levels, from the be-
ginning of the sixth wave until January 14, 2022, the staff of each primary care center
would have had to be increased by more than 2 employees on average. During this
period, the aggregate workload of the Other professionals category, which includes re-
ceptionists/telephonists and also laboratory technicians, would also have increased by
more than 36%. The aggregate workload of physicians would have increased by about
24%, of which about 6 percentage points is due to the management of medical leaves
procedures. For nurses, the increase in workload would have been 19%. We consider
these estimates to be a comfortably upper limit.

6. The positive impact of vaccination on health indicators has been extraordinary. For
example, the non-availability of vaccines would have increased Covid-19 deaths by
571 percent compared to observed deaths, although those under 60 years of age would
account for only 2.1 percent of the total increase, while those over 80 years of age would
have been hardest hit. Moreover, the relative benefit of vaccination increases with the
severity of the indicator: greater for deaths and ICU admissions, less for infections and
hospitalizations.

7. The anti-vaxxers are responsible for a 44% increase in hospitalizations during the sixth
wave (79% for the 30-59 age group), a 78% increase in ICU admissions (143% for the
30-59 age group), and a 32% increase in deaths (53% in the 30-59 age group).

8. Under the assumption that the entire population had been vaccinated with the Covid-
19 vaccine from the first week of April, the impact of the disease in terms of hospital-
izations and deaths during 2021 would have been above a low activity flu season, but
in line with a moderate/high activity flu season.
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Some of the above results are based on assumptions, which are always made explicit. As
we have indicated, our intention is to contribute to the debate with evidence based on public
information, and with replicable exercises.
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A Amethod for estimating Covid-19 severity as a func-

tion of vaccination.

Let us consider the week as the unit of time reference in our analysis.

Let P d,e
j be the stock of population that during week j has a vaccination status d, and

belongs to age group e. The index d can refer to the population that is fully vaccinated
(vc), to the population that has not received any coronavirus vaccination (vn), or to the
population that has received a dose of the vaccine, but is not fully vaccinated (vi). That is,
d = {vc, vn, vi}. On the other hand, the index e divides the population into groups aged
from 12 to 29 years (e = 1); from 30 to 59 years (e = 2); from 60 to 79 years (e = 3); and
older than 80 years (e = 4); thus,e = {1, 2, 3, 4}.

Total population in a population group d is defined as

P d
j =

∑
e

P d,e
j

Total population in an age group e

P e
j =

∑
d

P d,e
j

Total population over 12 years of age

P =
∑
d

∑
e

P d,e
j

which, for practical purposes, we will assume to be constant for ∀j.

Let us call Zd,e
j the number of new cases during week j of the pandemic, among the

population group with vaccination status d, and belonging to age group e.

In week j, the total number of new cases in age group e is the sum of fully vaccinated,
unvaccinated and partially vaccinated.

Ze
j =

∑
d

Zd,e
j (9)

And the total number of new cases in the population as a whole

Zj =
∑
d

∑
e

Zd,e
j (10)

Similarly, we can express the weekly total of new hospital admissions (H), ICU admis-
sions (U), and deaths (F ) of age group e in week j as:

He
j =

∑
d

Hd,e
j (11)
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U e
j =

∑
d

Ud,e
j (12)

F e
j =

∑
d

Ud,e
j (13)

And the total number of new hospital admissions, ICU admissions and deaths in the
population as a whole

Hj =
∑
d

∑
e

Hd,e
j (14)

Uj =
∑
d

∑
e

Ud,e
j (15)

Fj =
∑
d

∑
e

Ud,e
j (16)

The incidence rate of new cases of infections (per 100,000 population) in any given week
j among population d and age group e is defined as

zd,ej = 100.000
Zd,e

j

P d,e
j

(17)

The overall incidence in week j by age group e is then

zej = 100.000

∑
d

Zd,e
j∑

d

P d,e
j

= 100.000
Ze

j

P e
j

(18)

where the population in age group e will be assumed constant for ∀j, P e
j = P e

The overall incidence for the population as a whole is

zj = 100.000

∑
d

∑
e

Zd,e
j∑

d

∑
e

P d,e
j

= 100.000
Zj

P
(19)

The same definitions can be used to obtain incidence rates of new hospitalizations, ICUs
and deaths in any given week j

hd,e
j = 100.000

Hd,e
j

P d,e
j

(20)

he
j = 100.000

He
j

P e
(21)

hj = 100.000
Hj

P
(22)
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ud,e
j = 100.000

Ud,e
j

P d,e
j

(23)

ue
j = 100.000

U e
j

P e
(24)

uj = 100.000
Uj

P
(25)

fd,e
j = 100.000

F d,e
j

P d,e
j

(26)

f e
j = 100.000

F e
j

P e
(27)

fj = 100.000
Fj

P
(28)

Define zd,e the average incidence of new cases of infection (per 100,000 population) among
population d and age group e during a window s̃ of s weeks for which information is available
(i.e., the 8 weeks between 10/18/2021 and 12/12/2021).

zd,e = 100.000

∑
j∈s̃

(
Zd,e
j

P d,e
j

)
s

(29)

Similarly, hd,e can be defined as the average incidence of new hospitalized cases among
the population d of age group e, during the same window of weeks.

hd,e = 100.000

∑
j∈s̃

(
Hd,e

j

P d,e
j

)
s

(30)

The weekly incidence in ICUs

ud,e = 100.000

∑
j∈s̃

(
Ud,e
j

P d,e
j

)
s

(31)

And the weekly incidence of deaths

fd,e = 100.000

∑
j∈s̃

(
F d,e
j

P d,e
j

)
s

(32)

From official information published by the Center for the Coordination of Health Alerts
and Emergencies of the Ministry of Health, the above average incidence rates can be obtained
for d = {vc, vn}. No information is provided, however, on the average weekly incidence for
d = vi.
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We will assume that the incidence of the partially vaccinated population is somewhere in
between that of the fully vaccinated population and the unvaccinated population, depending
on a parameter λ that captures the closeness of the incidence of this population to that of
the vaccinated population. We will consider the case of 0.5, but results are very robust to
other likely values of the parameter. Thus

zvi,e = λzvc,e + (1− λ)zvn,e (33)

We can now define the average relative incidence of those vaccinated with respect to
those not vaccinated (x) and those partially vaccinated (y).

xe
z =

zvc,e

zvn,e
; xe

h =
hvc,e

hvn,e
; xe

u =
uvc,e

uvn,e
; xe

f =
f vc,e

f vn,e
(34)

yez =
zvc,e

zvi,e
; yeh =

hvc,e

hvi,e
; yeu =

uvc,e

uvi,e
; yef =

f vc,e

f vi,e
(35)

Equation (9) of observed infections in a given week j in age group e can be rewritten as

Ze
j = Zvc,e

j + Zvn,e
j + Zvi,e

j =
zvc,ej P vc,e

j + zvn,ej P vn,e
j + zvi,ej P vi,e

j

100.000
=

zejP
e

100.000
(36)

this is the observed infection information over time by age group. zej is the observed
infection incidence rate in week j for age group e, and P e

j is the population in age group e .

From (36) and equations (34) and (35) we can obtain an estimate of the incidence of
infections among fully vaccinated people in the age group e (zvc,ej ) which is unobserved over
time.

zvc,ej P vc,e
j

100.000
+

zvc,ej

xe
z
P vn,e
j

100.000
+

zvc,ej

yez
P vi,e
j

100.000
=

zejP
e

100.000

zvc,ej

(
P vc,e
j

P e
+

1

xe
z

P vn,e
j

P e
+

1

yez

P vi,e
j

P e

)
= zej

ẑvc,ej =
zej(

P vc,e
j

P e + 1
xe
z

P vn,e
j

P e + 1
yez

P vi,e
j

P e

) (37)

To estimate the incidence among the fully vaccinated in age group e, we need the ob-
served incidence in that age group, the relative incidences calculated in Table 1, and the
percentages of the fully vaccinated, unvaccinated, and partially vaccinated population.

Note that the difference in week j between the observed incidence by age group and
that estimated for the fully vaccinated will be greater the smaller xe

z (the average relative
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incidence of the vaccinated relative to the unvaccinated) and the greater the proportion
P vn,e
j

P e

of the unvaccinated in the population.

Now we can obtain the estimated infections in week j of age group e under the assumption
that the entire population of age e was vaccinated. To do this we change the incidence rate
of the unvaccinated and the partially vaccinated to the incidence rate of the fully vaccinated.

Ẑvc,e
j =

ẑvc,ej P vc,e
j + ẑvc,ej P vn,e

j + ẑvc,ej P vi,e
j

100.000
=

ẑvc,ej P e

100.000
(38)

From expression (38) we can obtain the total number of infected people for the whole
population under the assumption that the whole population was fully vaccinated.

Ẑvc
j =

∑
e

Ẑvc,e
j (39)

The difference over a period of time between observed infections and those that would
have been observed if the population over 12 years of age had been fully vaccinated would
be ∑

j

Zj −
∑
j

Ẑvc
j (40)

If we want to calculate the difference in a specific period, e.g. the sixth wave∑
j∈6thwave

Zj −
∑

j∈6thwave

Ẑvc
j (41)

Although other types of simulations could also be run. For example, we could calculate
the number of infections/hospitalizations/UCIs/deaths if those older than 30 had been fully
vaccinated and those younger than 30 had not been vaccinated.

Ẑ30
j =

ẑvn,1j P 1 + P e
4∑

e=2

ẑvc,ej

100.000
=

ẑj
vc,1

x1
z
P 1 + P e

4∑
e=2

ẑvc,ej

100.000
(42)

An interesting scenario is that of complete absence of vaccination in the population as a
whole, which can be calculated as follows

Ẑvn
j =

P e
∑
e

ẑvn,ej

100.000
=

P e
∑
e

ẑj
vc,e

xe
z

100.000
(43)
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The effect of the vaccines that have been used so far on infection could be obtained
through ∑

j

Ẑvn
j −

∑
j

Ẑj

which would give us the reduction in cases due to the vaccines given during a period of time.

Exactly the same type of experiment could be done for hospitalization, ICU admission
and deaths. In this case, the equivalent expressions to (37) are as follows

ĥvc,e
j =

he
j(

P vc,e
j

P e + 1
xe
h

P vn,e
j

P e + 1
yeh

P vi,e
j

P e

) (44)

ûvc,e
j =

ue
j(

P vc,e
j

P e + 1
xe
u

P vn,e
j

P e + 1
yeu

P vi,e
j

P e

) (45)

f̂ vc,e
j =

f e
j(

P vc,e
j

P e + 1
xe
f

P vn,e
j

P e + 1
yef

P vi,e
j

P e

) (46)

And the calculation for hospitalization, ICU admission and deaths under the assumption
that the entire population over 12 years of age was fully vaccinated, would be as follows

Ĥe
j =

ĥvc,e
j P e

100.000
(47)

Û e
j =

ûvc,e
j P e

100.000
(48)

F̂ e
j =

f̂ vc,e
j P e

100.000
(49)
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B Estimation of mean relative incidence and popula-

tion by age according to vaccination status

Our starting point is Table 10 of update no. 529 of the Bulletin of December, 23, 2021 of
the Center for the Coordination of Health Alerts and Emergencies of the Ministry of Health.
From this Table we have prepared Table A1 showing the infections, hospitalizations, ICU
admissions and deaths in the eight weeks between October, 18, 2021 and December, 12,
2021. Table A2 also shows the average weekly incidence rates and the relative rates between
fully vaccinated and unvaccinated cases

Table A1. Number of cases between October, 18, 2021 and December, 12, 2021.
Vaccinated population and non-vaccinated population

Age
∑
j∈s̃

Zvc,e
j

∑
j∈s̃

Zvn,e
j

∑
j∈s̃

Hvc,e
j

∑
j∈s̃

Hvn,e
j

∑
j∈s̃

U vc,e
j

∑
j∈s̃

U vn,e
j

∑
j∈s̃

F vc,e
j

∑
j∈s̃

F vn,e
j

12 to 29 33,230 18,079 109 197 9 14 2 1

30 to 59 141,660 35,933 1,473 1,532 135 235 45 32

60 to 79 53,775 7,354 3,753 1,199 508 262 271 101

Over 80 9,969 1,069 2,320 390 48 18 511 124

Source: Ministry of Health

Table A2. Average weekly and relative incidence rates by age group

Age zvc,e zvn,e xe
z hvc,e hvn,e xe

h uvc,e uvn,e xe
u f vc,e f vn,e xe

f

12 to 29 60 158 0.38 0.2 1.73 0.12 0.02 0.12 0.17 0.00 0.01 0.00

30 to 59 99 177 0.56 1.03 7.57 0.14 0.09 1.16 0.08 0.03 0.16 0.19

60 to 79 75 498 0.15 5.27 81.2 0.06 0.71 17.8 0.04 0.38 6.84 0.06

Over 80 44 222 0.20 10.2 81.1 0.13 0.21 3.75 0.06 2.28 25.8 0.09

Source: Ministry of Health and Own Elaboration. Data from 18/10/2021 to 12/12/2021

From the number of cases and the average weekly incidence, we can estimate the average
vaccinated population during the eight-week period as follows

P̂ vc,e =

∑
j∈s̃

Zvc,e
j

8zvc,e
100, 000 (50)

and the non-vaccinated population as

P̂ vn,e =

∑
j∈s̃

Zvn,e
j

8zvn,e
100, 000 (51)
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Table A3 provides the estimate of the average proportion of the unvaccinated population
in the sum of vaccinated and unvaccinated for the period October, 18, 2021 and December,
12, 2021 consistent with Table 10 of Update No. 529 of the Bulletin of day 23/12/2021.

Table A3. Ratio of unvaccinated to vaccinated and unvaccinated population..
Average for the period from 18/10/2021 to 12/12/2021. Percentage

Age P̂ vn,e

P̂ vc,e+ P̂ vn,e

12 to 29 17.1

30 to 59 12.4

60 to 79 2.0

Over 80 2.1

Source: Own Elaboration

The Ministry of Health, in its “daily activity reports on the integrated management
of COVID-19 vaccination”, offers from April 1, 2021 the data by age group of the stock
over time of the total vaccinated population with complete vaccination status P̃ vc,e

j and

population with at least half of the full doses P̃ vc+vi,e
j (which also includes the population

that is fully vaccinated). From these data we can estimate our stock of population that is
partially vaccinated.

P̃ vi,e
j = P̃ vc+vi,e

j − P̃ vc,e
j (52)

and then the unvaccinated population would be obtained by the difference between the total
population by age, the fully vaccinated population, and partially vaccinated population.

P̃ vn,e
j = P e − P̃ vc,e

j − P̃ vi,e
j (53)

where P e is the population by age group according to INE data as of January 1, 2020.

Table A4. Population in Spain by age

Age Population

12 a 291 8,847,760
30 a 59 21,155,446
60 a 79 9,297,031
Over 80 2,834,024

Source: INE and Own Elaboration

1 The INE establishes the cutoff at ages 10 and 15.

It has been assumed that the population aged 12 to 14 years old

accounts for 3/5 of the population interval of 10 to 14 years.
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Figure B.1: Ratio of unvaccinated to the sum of unvaccinated and fully vaccinated (over 80
years old)

The P̃ vc,e
j , P̃ vn,e

j , and P̃ vi,e
j series have some problems of consistency both with the pop-

ulation by age groups provided by the INE (Table A.4), and with the ratio of unvaccinated
to unvaccinated plus fully vaccinated in Table A3. For example, Figure B.1 represents this

ratio for the population over 80 years of age ( P̃ vn,e

P̃ vc,e+ P̃ vn,e
)

In view of this graph, the ratio becomes negative because, since May, the number of
people who have received at least one dose (which includes those who are fully vaccinated)
exceeds the population over 80 years of age according to the INE.

To correct for these level problems, maintaining the time variation rate of the series
provided by the Ministry of Health (Ministerio de Sanidad, 2021b) we multiplied P̃ vc,e

j and

P̃ vc+vi,e
j by a scalar τ such that, after following the procedure described for obtaining P̂ vn,e

(let us denote by P vn,e the new series obtained when the procedure is applied by multiplying

P̃ vc,e
j and P̃ vc+vi,e

j by a scalar τ), the average ratio
P vn,e
j

τP̂ vc,e
j + P vn,e

j

for the period October, 18,

2021 to December, 12, 2021 replicates the values in Table A3. Let us call P vc,e
j = τ P̂ vc,e

j and

P vi,e
j = τ

(
P̃ vc+vi,e
j − P̂ vc,e

j

)
. Table A5 shows the level correction performed on the series

P̃ vc,e
j and P̃ vc+vi,e

j through the parameter τ as well as the ratio P̃ vn,e

P̃ vc,e+ P̃ vn,e
obtained with the

original data, and the ratio
P vn,e
j

P vc,e
j + P vn,e

j
resulting from the corrected series and which is the

one estimated in Table A3.//
As can be seen, the main inconsistency occurs in people over 80, while in those younger

than 60 the weekly series of the RENAVE (2021) are consistent with those published in
Table 10 of the Report on the Vaccination Status of Notified Cases in SiViEs.
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Figure B.2: : Proportion of the population over 80 years of age that is fully vaccinated.

Table A5. Series correction factor

Age τ P̃ vn,e

P̃ vc,e+ P̃ vn,e

P vn,e

P vc,e+ P vn,e

12 to 29 0.9992 17.05 17.12

30 to 59 0.9970 12.15 12.42

60 to 79 0.9866 0.69 2.02

Over 80 0.9442 -3.77 2.08

Source: Own Elaboration

Graph B.2 shows the evolution of the proportion of fully vaccinated persons in the pop-
ulation over 80 years of age, with the original data and with the correction made.
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