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a b s t r a c t 

Objectives: We investigated the validity of claims of the healthy vaccinee effect (HVE) in COVID-vaccine 

studies by analyzing associations between all-cause mortality (ACM) and COVID-19 vaccination status. 

Methods: Approximately 2.2 million individual records from two Czech health insurance companies were 

retrospectively analyzed. Each age group was stratified according to the vaccination status (unvaccinated 

vs. individuals less than 4 weeks vs. more than 4 weeks from Doses 1, 2, 3, and 4 or more doses of 

vaccine). ACMs in these groups were computed and compared. 

Results: Consistently over datasets and age categories, ACM was substantially lower in the vaccinated 

than unvaccinated groups regardless of the presence or absence of a wave of COVID-19 deaths. Moreover, 

the ACMs in groups more than 4 weeks from Doses 1, 2, or 3 were consistently several times higher than 

in those less than 4 weeks from the respective dose. HVE appears to be the only plausible explanation 

for this, which is further corroborated by a created mathematical model. 

Conclusions: In view of the presence of HVE, the baseline difference in the frailty of vaccinated and un- 

vaccinated populations in periods without COVID-19 must be taken into account when estimating COVID- 

19 vaccine effectiveness from observational data. 

© 2024 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Vaccination against COVID-19 was the key measure in battling 

he pandemic and its effectiveness against death and severe course 

as been demonstrated in a multitude of studies. However, a vast 

ajority of these studies (apart from registration studies) were ob- 

ervational. It has been proposed that observational studies are 

ubject to inherent biases, including differences in testing strate- 

ies between vaccinated and unvaccinated groups or in determin- 

ng the cause of death (with COVID vs due to COVID) [ 1 , 2 ]. Lately,

t has been suggested that the so-called “healthy vaccinee effect”

HVE) might be in play, i.e., that the vaccinated population might 

ave been generally healthier than the unvaccinated one. As ob- 

ervational studies are inherently based on the assumption of the 

dentical baseline likelihood of dying due to COVID in both groups, 

VE might have biased the results of such studies toward higher 
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accine effectiveness [ 3 , 4 ]. Unfortunately, most publicly available 

atasets contain only summary statistics provided by various na- 

ional offices not allowing reliable stratification of the population 

nd computing the number of person-years spent in various age 

nd vaccination brackets, thus preventing the evaluation of the 

ossible influence of HVE on the results of observational studies. 

e have recently published a paper corroborating the existence 

f HVE in the Czech population based on aggregate data from the 

iggest health insurer in the Czech Republic [5] . That paper was, 

owever, based on aggregate data that prevented us from explor- 

ng the issue sufficiently, which led us to the acquisition of more 

etailed line data enabling a more detailed analysis. 

In this paper, therefore, we aim to analyze the association be- 

ween all-cause mortality (ACM) and vaccination status in the most 

ulnerable age groups in order to better understand the possible 

ifferences between the vaccinated and unvaccinated cohorts. 
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ethods 

ata acquisition 

Using a Freedom of Information request, we obtained data from 

wo health insurance houses (in the Czech Republic, health insur- 

nce is compulsory and multiple health insurance houses provide 

he service). Each line in the dataset corresponded to a unique in- 

ividual and included their sex, age, dates and types of all COVID 

accines, and (if applicable), the date of death. When trying to find 

ut whether there is a difference between the baseline frailty of 

he groups, ACM is the most telling parameter as it is not burdened 

ith any possible misclassification on the cause of death. For this 

eason, only ACM will be considered in this study. 

Each cooperating insurance company decided to blur the data 

lightly to exclude the possibility of identification of any individ- 

al. The first dataset provided by the Czech Business Insurance 

ompany (CPZP) comprises 1,362,924 individuals, i.e., approx. 13% 

f the Czech population. It is by no means a fully representa- 

ive sample of the Czech population because the clients of CPZP 

end to be younger than average. However, the size of the cohort 

llows interesting analyses. The time data were blurred to week 

nd year. The other dataset provided by the Professional Insur- 

nce Company (OZP) comprises 827,475 individuals, representing 

nother 8% of the Czech population, the time data were blurred to 

onth and year of events. The OZP dataset will serve for validation 

f the results obtained from the larger CPZP dataset. In all, we have 

omplete data on mortality and vaccination of more than 2 mil- 

ion individuals over the entire period of 2021 and 2022. Both the 

atasets are available at https://github.com/PalackyUniversity/hve . 

ethods of statistical analysis 

Simple methods of descriptive statistics and data visualization 

ere used. As total counts in full datasets were analyzed, no un- 

ertainty indicators were applicable. As the majority of deaths (86% 

or CPZP, and 85% for the OZP) in our datasets occurred in the age

ategory of > 60 years and this age group was also the most likely 

o die from COVID (over 93% of COVID-associated deaths were in 

his age category) [6] , we further focused only on this cohort and 
igure 1. ACM stratified according to the vaccination status (color-coded) and age for bo

ecember 2022. In addition to all-cause mortality per 10 0,0 0 0 person-years, the total num

2

lassified it further into the age brackets of [60, 70), [70, 80), and 

0 + . 

We decided not to distinguish between the types of vaccines 

s the majority (approx. 80%) of all applied doses were Comirnaty 

nd further stratification would yield too small numbers of other 

accines for reliable analysis. However, all recipients of the Janssen 

accine (43,603, 3.2% in CPZP and 21,712, 2.6% in OZP) were ex- 

luded as its vaccination scheme differed from the others. For each 

ataset, the cohort was stratified into the vaccination categories 

Unvaccinated” and “less than 4 weeks/more than 4 weeks” after 

oses 1, 2, and 3. Distinguishing the status of the less/more than 

 weeks from a vaccine dose was based on the recommendation 

o apply the second dose 4 weeks after the first one and further 

elay needed for reaching full immunity. ACM per 10 0,0 0 0 person- 

ears was calculated for all categories (a) for the entire study pe- 

iod, (b) for periods of high COVID intensity, and (c) for periods of 

ow COVID intensity. 

esults 

CM according to the vaccination status 

Figure 1 shows the ACM computed for the entire study period, 

.e., January 2021-December 2022, for both datasets. It shows a 

emarkable pattern with a “higher mortality triangle” formed by 

nvaccinated individuals and individuals more than 4 weeks after 

ach dose. This triangle is supplemented by markedly lower ACM 

mong those who are less than 4 weeks after any dose of vaccine. 

ote that the pattern is very similar in all three age brackets and 

oth datasets. Also, note that the combined extent of the datasets 

more than 20% of the Czech population from two independent 

ources) guarantees that the pattern is not a statistical artifact. 

At first sight, the figure might suggest that vaccination works 

emarkably well to prevent death. However, Figure 1 shows the 

ll-cause mortality, not COVID-related mortality. Since only approx. 

4% of all deaths over the study period were COVID-related (37,0 0 0 

ut of 269,0 0 0 deaths) [ 7 , 8 ], it was impossible for the vaccine to

ave had such an effect on all-cause mortality. The findings become 

ven more paradoxical when periods of high and low COVID inten- 

ity are analyzed separately ( Figure 2 ). 
th CPZP (left) and OZP (right) datasets over the entire study period January 2021- 

ber of deaths in each category is shown by the figure above each bar. 

https://github.com/PalackyUniversity/hve
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Figure 2. ACM in the CPZP cohort according to the vaccination status and age. Green panels: The period of very low COVID intensity June 2021-September 2021. Red panels: 

The period of high COVID intensity October 2021-May 2022. The figure above each bar indicates the total number of deaths in the respective category. Vaccination status is 

color-coded. 
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Between June 2021 and September 2021, virtually no COVID- 

elated deaths were recorded in the Czech Republic (only approx. 

.3% of deaths were COVID-related). Thus, almost all the deaths 

hown in the green panels of Figure 2 were COVID-unrelated, al- 

hough we can observe huge differences in ACM among groups in 

his period. Note the magnitude of these differences in the low- 

OVID period: the ACM of individuals 80 + years old who are “less 

han 4 weeks from Dose 2” (light green bars) is more than three 

imes lower than that of the unvaccinated. In the case of the 70-80 

ge bracket, the difference is more than fivefold. When comparing 

he two largest groups in that period, i.e., unvaccinated (dark blue) 

nd those with the completed primary course (yellow bars), the 

nvaccinated population was more than twice as likely to die as 

he population with the completed primary course. This apparent 

vaccine efficacy” in a period when no COVID was present is likely 

n artifact of the HVE. 

Now, let us focus on the red panels, covering the “high-COVID”

eriod of October 2021-May 2022. In that period, the Czech Re- 

ublic recorded almost 10,0 0 0 COVID-related deaths, which trans- 

ates into an average of 40 deaths with/from COVID-19 per day. The 

accine effectiveness in preventing COVID-related deaths should 

ead to an increase in the ratio of unvaccinated:vaccinated ACM. 

owever, the exact opposite happened. In all age groups, the ACM 

n the cohort with completed primary course (yellow bars) more 

han doubled compared to the low-COVID period, while the ACM 

f the unvaccinated cohort rose only by a third. A sanity check 

ith the same analysis performed for the other dataset (OZP in- 

urance company) yielded consistent results (see Supplement S6). 

his paradoxical observation can be caused by the fact that in 

he high-COVID period, vaccination by the third dose was under- 

ay, which, again, led to a subselection of the healthier group for 

ooster dose vaccination, while infirm individuals concentrated in 

he group “primary course for more than 2 months.”

volution of ACM over time 

Much can be inferred from the evolution of ACM in time cap- 

ured in Figure 3 . We repeat the analysis of the CPZP data, but
3

his time, ACM is evaluated separately for each quarter of 2021 and 

022. Only the oldest cohort is presented here, a detailed presen- 

ation of younger cohorts is shown in the Supplement Figure S5. 

The ACM of those with the completed primary course of vacci- 

ation doses (orange line) starts in very low numbers, but as soon 

s the distribution of booster doses starts, their ACM increases and 

uickly reaches that of the unvaccinated population, while ACM of 

hose who received the booster dose is minimal. Considering the 

roportion of COVID-related deaths in the quarters 4/21 (17%) and 

/22 (12%), this effect cannot be attributed solely to the protective 

ffect of the vaccines as its magnitude is much greater. Rather, it 

urther supports the notion that the “primary course” group split 

nto the group who opted for the booster dose (the group with 

ewer frail individuals) and the group with a greater representa- 

ion of the frail individuals who did not opt for the next dose. A 

ore detailed analysis by month with all groups is shown in the 

upplement—it shows these effects even more clearly, but is more 

ifficult to read. 

 simple model of HVE 

To understand the mechanism behind the remarkable structure 

bserved in Figures 1 and 2 , and Supplement Figure S5, we pre- 

ared a simple model of how HVE would present in populational 

ata. 

Let us model a cohort of 170,0 0 0 individuals of which 17,0 0 0

ie during the 104 weeks (2 years) of the follow-up. This roughly 

atches the group of CPZP clients who are older than 80 years 

i.e., the cohort shown in Figure 3 ). For simplicity, the deaths are 

niformly distributed throughout the 104 weeks and age is not 

onsidered in the model. The deaths are modeled first—for each in- 

ividual, a bent coin is tossed with the probability of 1/10 to indi- 

ate if this individual dies within those 104 weeks (i.e., each death 

as a Bernoulli distribution with P = 1/10). The week of death is 

hen selected randomly from the uniform distribution. 

In the first run of the model (as a sanity check), the three doses 

f vaccines are distributed among the modeled population as fol- 

ows: The first dose is given to 82% of the population. The week of 
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Figure 3. Bottom panel: The quarterly evolution of the ACM in the 80 + age cohort for the CPZP dataset. Upper panel: The context of the COVID epidemic in the Czech 

Republic. Blue bars represent the weekly numbers of positive PCR tests (right scale). The red line shows the weekly numbers of deaths from any cause, and the green line 

weekly numbers of COVID-related deaths (both left scale). See Supplement Figures S5 and S6 for more detail. 
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ose 1 administration is derived from a normal distribution with a 

ean of 20 weeks and a standard deviation (SD) of 3 weeks. The 

econd dose is given to 96% of those who obtained Dose 1. The lag 

etween Dose 1 and Dose 2 is selected from a normal distribution 

ith mean = 20 and SD = 3 weeks. The third dose is given to 82%

f those who obtained Dose 2. The lag between Dose 2 and Dose 3 

s again selected from a normal distribution with mean = 20 and 

D = 3 weeks. The prevalence of the doses (82%, 96%, and 82%, 

espectively) roughly matches the observation from the CPZP co- 

ort. In the event that the model assigns a dose to an individual 

ater than at the time of their death, the dose is not administered. 

he distribution of the three doses in time was proposed to be as 

imple as possible with no intention of matching the real data. Re- 

ults of this model run confirm that the vaccines are completely 

ndependent of death, i.e., the ACM in all vaccination categories is 

he same as illustrated in the left panel of Figure 4 , which serves

s a sanity check that the model is correct. 

Now, let us add HVE into the model by assuming that indi- 

iduals in poor health (who will die soon) have a lower proba- 

ility of taking up the intervention—either because they are un- 

ble/unwilling to reach a vaccination site, or because of vaccine 

esitancy. To account for this, the model was altered using the fol- 

owing condition: If a vaccine dose is to be administered to an in- 

ividual who will die within 26 weeks, the dose will be administered 

nly with a reduced probability of (1-p) , where p indicates the mag- 

itude of HVE . This simple mechanism is implemented for all three 

oses and for three values of p: 0.25, 0.5, and 0.75 (see panels 2- 

 in Figure 4 ). The interesting double-triangular pattern, similar to 

hat observed in Figures 1 and 2 , is readily visible. Note that it is

ery easy to implement HVE in this model because the deaths are 

odeled first (thus, at the time of vaccination, we already “know”

ho is going to die within 26 weeks). 

We emphasize that the model has only two important 

arameters—the HVE duration (26 weeks) and the HVE magnitude 

p). The size of the cohort and prevalence of the three doses were 

oughly matched to the study group. It is also worth noting that 

he observed large effects are caused by cancelling the administra- 
C

4

ion of only 0.6-1.9% of doses due to HVE (depending on the HVE 

agnitude and population eligible for the respective dose). 

iscussion 

The results of the presented analysis revealed several peculiar 

atterns of the relationship between ACM and vaccination status. 

he presented data obviate that vaccination status has a profound 

ssociation with ACM, which goes far beyond the possible pro- 

ective effect against COVID-related death, especially in the low- 

OVID periods. Using a simple model, we argue that this pattern 

an be, to a large degree, attributed to the HVE. 

Several explanations can be proposed to account for this effect. 

ne possible explanation might suggest that long-term sequelae of 

OVID-19 led to excess mortality among unvaccinated individuals 

ecause they were more likely to have a history of COVID-19 infec- 

ion than the vaccinated group. Nevertheless, should the long-term 

equelae play a role, this (a) would have to be massive to explain 

he magnitude of the observed difference and (b) we should still 

ee some excess mortality in the low-COVID period. This is, how- 

ver, not the case as the total combined mortality of the vaccinated 

nd unvaccinated populations in the low-COVID period in the en- 

ire Czech Republic remained more or less in line with previous 

ears as corroborated by EUROSTAT data [9] . This “long-COVID” hy- 

othesis can be, of course, responsible for a part of the observed 

ffect but it is unlikely that it would lead to the differences in ACM 

f the observed magnitude. 

Disregarding the low-COVID and high-COVID periods for now, 

e can see another evidence of HVE: the lowest ACM can be 

lways observed in the groups vaccinated with a new dose for 

ess than 4 weeks (“freshly vaccinated”), which indicates that the 

ealthier part of the population took up the next dose of the vac- 

ine, while those in poorer health concentrated in the group re- 

aining with the unvaccinated/previous dose status. 

The periods when successive vaccination campaigns for both 

rimary and booster vaccination started coincided with high- 

OVID periods and it could be argued that it is difficult to accu- 
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Figure 4. The results of the mathematical model of the healthy vaccinee effect (HVE). The bars show the average of 500 runs of the model, black line segments show 

the standard deviations. Left panel: Vaccination and all-cause mortality are independent (no HVE present). All-cause mortality in all categories is approximately the same. 

The bars are not identical due to the stochastic nature of the model. Panel 2 models a 25% HVE, i.e., if a vaccine dose is to be administered to an individual who will die 

within 26 weeks, the dose is administered only with a reduced probability of 0.75. The remaining two panels show 50% and 75% HVE, respectively. The resulting pattern 

qualitatively matches the observed paradoxical pattern in Figures 1 and 2 . 
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ately distinguish between HVE and true vaccine-conferred protec- 

ion. This is a rightful objection; on the other hand, the same pat- 

ern can also be seen in Dose 4 (Supplement Figure S5), which was 

eleased in a very low COVID period—the pattern of “freshly vacci- 

ated” having the lowest ACM can be observed again. The “freshly 

accinated” groups also have the lowest mortality in low-COVID 

eriods, even though vaccination could not have had any imme- 

iate true protective effect. Also, considering the share of COVID- 

elated deaths on ACM, they cannot explain the observed effect 

ize even in high-COVID periods. All of this supports the explana- 

ion that frail individuals (consistently over all doses, periods, age 

roups, and datasets) were less likely to take up the next dose of 

he vaccine. 

It could be argued that HVE was highly unlikely at the be- 

inning of vaccination when the most vulnerable groups (such as 

lients of elderly care homes) were prioritized for vaccination and 

ractically all these individuals were vaccinated so no HVE was 

ossible in these groups. This is very true; on the other hand, the 

roportion of these individuals in the entire population is very low 

nd although these groups were at a disproportionally high risk of 

not only) COVID-related mortality, their numbers were not suffi- 

ient to swing the all-populational trends completely. They, how- 

ver, could have affected the results; this could be, for example, 

ne of the explanations for the unvaccinated:vaccinated ACM ra- 

io being higher in the low-COVID period than at the peak of 

he second COVID-19 wave (January-March 2021) when vaccination 

tarted and a vast majority of vaccinated individuals were infirm 

5] . 

The HVE has not been much discussed in the scientific litera- 

ure concerning COVID-19 vaccines so far. As far as we know, be- 

ides the only study focusing on this issue reported from Hungary 

3] , this issue was recently raised only in letters to the editors in

he New England Journal of Medicine [4] and in our aforementioned 

etter [5] . However, to the best of our knowledge, the presented 

tudy provides the best and most robust illustration of the HVE in 

OVID-19 vaccination so far. The implications are huge—based on 

ur results, we propose that the evaluation of the baseline frailty 
a

5

etween vaccinated and unvaccinated populations (in our case, the 

ifferences observed in the low-COVID periods) should be taken 

nto account when evaluating vaccine effectiveness in observation 

tudies. 

imitations and strengths 

Our datasets do not contain information on the cause of death, 

hus we do not know how many deaths in our datasets were 

OVID-related. On the other hand, this information is not neces- 

ary for illustrating the effects of the vaccination status on ACM. It 

s also necessary to note that the dependence of ACM on vaccina- 

ion status found in our study does not imply that COVID-related 

eaths would follow the same pattern. Moreover, the HVE mag- 

itude is probably closely associated with the percentage of un- 

accinated individuals in the cohort. For these reasons, our results 

hould not be used for direct recalculation of vaccine effectiveness 

gainst COVID-related death, especially not in other populations. 

On the other hand, the use of ACM evades known biases found 

n observation studies dealing with COVID-19 vaccination, such as 

isclassification of the cause of death (due to COVID/from COVID), 

r uneven testing of vaccinated/unvaccinated populations. 

We have no reason to believe that the two datasets contain 

ignificant errors. The data were released officially after a FOIA 

equest. Both the datasets are very large and contain individual 

ecords—possible errors would be easy to find. Both the datasets 

re independent (the two companies are competitors), yet the pat- 

erns are almost identical. The data contain more than a fifth of the 

ntire Czech population, which excludes the possibility of the ob- 

erved effects being statistical artifacts. For these reasons, the data 

nd conclusions drawn from it are highly robust. 

onclusion 

On two independent datasets, we demonstrated a paradoxical 

attern of strong association between COVID vaccination status 

nd ACM, even in periods when almost no COVID-related deaths 
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ere present in the population. Vaccinated individuals (especially 

hose shortly after vaccination) exhibit much lower ACM than the 

nvaccinated, even in low-COVID periods. This pattern cannot be 

xplained by the true effectiveness of the vaccines in preventing 

OVID-related deaths. We have demonstrated that the observed 

ssociation can be explained by the HVE (a bias in which indi- 

iduals of poorer health have a lower probability of taking up the 

accine/its further dose) and present a very simple model of HVE, 

hich well replicates the pattern observed in the real data. 

The above associations were demonstrated on two large inde- 

endent datasets obtained from Czech health insurance companies 

hat cover more than a fifth of the population. The datasets con- 

isted of individual records for all clients with information on the 

eek of birth and, if applicable, weeks of all COVID vaccination 

vents, and of death from any cause. The data are very unlikely to 

ontain errors or artifacts. 

This study indicates that observation data on COVID-19 vaccine 

ffectiveness must be interpreted with great caution as the base- 

ine frailty of cohorts with different vaccination statuses may sub- 

tantially differ due to HVE. Failure to account for HVE in observa- 

ion studies basically invalidates any estimates of vaccine effective- 

ess in such studies. 
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