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1. Abstract

We use survival analysis to analyze the decay in the protection induced by
eight vaccines using data from 44, 006 patients from the IMSS public health
system in Mexico, including only previously vaccinated, confirmed SARS-CoV-
2 positive with a PCR test. We analyze three groupings: all data, complete5

vs. incomplete dose and less than 60 years or older. We found that a Weibull
distribution fits very well the complete dose data. Only three vaccines still had
30% of their initial strength after 32 weeks. In two-dose vaccines, we found that
the average protection time of a complete dose increases 2 to 3 times compared
to that of an incomplete dose.10

2. Introduction

Several reports suggest that the protective effect of vaccines against SARS-
CoV-2 virus wanes with time. Characterizing how immunity wanes is relevant
for policy making, especially regarding vaccination strategies (Goldberg et al.,
2021). These kind of studies may be useful to design the best interval between15

doses or booster shots.
Studies that analyze how the vaccine protection decays over time can be

classified into two types: those that measure surrogates of humoral response
and those that measure the vaccine efficacy (VE) at several successive points
in time. Among the first category is Housset et al. (2022) who observed a20

decrease in anti-spike antibody titer of 84.3% between months 1-6 for Pfizer
vaccine, whereas (Levine-Tiefenbrun et al., 2022) analyzed the cycle threshold
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(Ct) values of RdRp gene, that initially increased by 2.7 relative to unvaccinated
in the first month after the booster dose, but then decayed to 1.3 in the second
month and found to be small in the third to fourth months. Health care workers25

–considered to be at higher risk– who received the two doses of the Pfizer vaccine
developed protective antibodies that were maintained at detectable levels at
least for 250 days after the second dose of the vaccine (Coppeta et al., 2022).
Other studies that report reduction in humoral response for several vaccines
include Berar-Yanay et al. (2021); Kolaric et al. (2021); Khoury et al. (2021);30

Peled et al.; Levin et al. (2021)
The estimates of VE are in general relative risk measures, some function of

attack ratios (Lin et al., 2022) measured usually through a cohort-study or a
test-negative design (Fukushima & Hirota, 2017) and thus provide a comparison
between relative risk of vaccinated and unvaccinated groups. Tartof et al. (2021)35

argues that a reduction in vaccine effectiveness against SARS-CoV-2 infections
over time is more likely to be due to waning immunity rather than the delta
variant escaping vaccine protection. Several studies suggest a significant waning
of VE from 90 days after the second dose (Kurita et al., 2022; Andrews et al.,
2022; Bedston et al., 2022; Ferdinands et al., 2022; Goldberg et al., 2021).40

In here, we use survival analysis in which event times are the time to infection
from the application of the first dose. The advantage of using survival analysis is
that the decay of the protective effect is not a relative measure, as it occurs with
VE but instead is a measure of how the protective effect decays independently
of the response of the individual when the protection fails. This will allow to45

propose an index to measure the protective effect of the vaccine that is not a
comparative measure with non-vaccinated.

Vaccines included in the study

Table 1 shows the vaccines included in this work, whereas Table 2 shows the
amount of data available for each vaccine in the first 14 months.50

Table 1: Vaccine names, manufacturer an abbreviations used in this work.

Vaccine Manufacturer Abbreviation

AZD1222 Oxford/AstraZeneca AZ
Ad5-nCoV Convidecia CanSino CA
mRNA-1273 Moderna Biotech MO
BBIBP-CorV Sinopharm SP
CoronaVac Sinovac SV
Sputnik V/Gam-COVID-Vac Gamaleya GA
Ad26.COV2. S Janssen JA
BNT162b2 Pfizer/BioNTech PF
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Table 2: Number of vaccinated individuals exceeding n months from their vaccination with a
first dose up to 29/Mar/2022.

Months AZ CA MO SP SV GA JA PF

3 499,528 64,681 24,111 6,925 129,441 89,351 60,861 354,110
4 495,515 64,139 23,927 6,912 129,105 88,748 60,723 349,870
5 485,542 62,466 23,337 6,848 127,840 86,386 60,465 344,890
6 467,213 58,711 21,441 6,644 125,222 72,846 60,104 338,373
7 432,815 56,224 11,496 6,308 119,469 62,808 59,279 321,107
8 344,027 50,940 5,657 4,817 91,977 56,368 57,670 292,447
9 191,611 45,854 3,696 2,738 47,583 31,549 51,998 246,435
10 96,637 41,605 2,552 1,839 30,490 23,232 7,478 202,420
11 47,542 22,493 1,497 1,137 17,783 11,942 1,160 147,750
12 25,326 6,704 802 812 11,923 6,466 602 116,041
13 12,125 2,000 428 311 3,519 2,872 253 84,354
14 4,353 467 204 71 787 638 102 52,014

The data

The Mexican Institute for Social Insurance (IMSS) had in February 2022
about 8 M insured (IMSS, 2022). The IMSS has a COVID-19 surveillance
system (SINOLAVE) that recorded 5’365,955 cases from 29-Dec-2019 to 01-
Apr-2022. From this database we extracted vaccinated individuals with a PCR55

positive test for SARS-CoV-2. We considered only the first confirmed infection
in case an individual had two or more confirmed reinfections. Figure 2 shows
the data selection process, from the original data set to the working database
with 44,006 observations and 17 variables. Some basics statistics of this later
database are shown in Table 3, whereas Table 4 shows statistics on the number60

of vaccinated individuals for each vaccine in our study.

Methodology

The first vaccine was applied on 07/Ene/2021, and the database ends on
29/Mar/2022. For each vaccinated individual that was eventually confirmed to
be infected with SARS-CoV-2 with a PCR test, we used the day of vaccination65

and the day when symptoms started. It is reasonable to assume that if an
individual is vaccinated at time t0, the protective effect of a vaccine d days
later depends only on d and not on t0, therefore, the data to characterize the
waning effect of a particular vaccine v has the form t1, t2, t3, . . . , Nv where ti
is the elapsed time from vaccination to beginning of symptoms and Nv is the70

total number of individuals confirmed infected vaccinated with vaccine v. We
eliminated those infections occurring in the first two weeks from vaccination,
when apparently not enough immune response has been built (Afshar et al.).

We disregard all individuals whose infection was undetected or that were
not infected from their vaccination day to 9/Mar/2022. Censorship does not75

3
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affect the estimation process other than the reduction in sample size as long as
every observation is equally likely to be excluded (Leung et al., 1997). We now
discuss the effect of this censorship in the analysis.

2.1. Justifying the use of non-censored observations exclusively

.80

Basically, if a fraction p of the individuals is eliminated from the analysis,
this does not have more implications for the estimation process other than the
reduction in sample size, as long as every individual has the same probability p of
being excluded from the sample. In our case, we have two kinds of individuals
eliminated from the analysis: a) those whose infection was not detected and85

b) those that were not infected between the time from first vaccination until
29/Mar/2022.

Regarding case (a), it is more likely that those individuals with mild re-
sponses are less prone to seek for help at a hospital and thus time of infection
from vaccination of mild cases may be underrepresented in the sample. If the90

(unobserved) infections including both mild and severe cases occur at times
t1, t2, t3, . . . and mild cases are distributed at random among these observa-
tions, then even if we exclude all mild cases this would not produce a bias
in the estimation process (Leung et al., 1997). To evaluate the possibility of
non-random allocation of mild/severe cases, we plot the times of infection of all95

vaccinated individuals with a positive PCR test as a function of time from vacci-
nation, in two groups: hospitalized (severe cases) and ambulatory (mild cases).
Figure 1 shows how the cumulative proportion of hospitalized and ambulatory
cases evolve with time from vaccination. Although it is impossible to know the
fraction of mild cases lost and when they were lost, it seems that at least for100

the first ten months from vaccination the ratio mild to severe cases detected is
preserved, which favors the argument that appearance of mild/sever cases are
random and thus, mild cases are lost at random.

If the case is (b), in which vaccinated individuals were not infected from the
day of first shot to 29/Mar/2022, they may reflect a protective effect of a vaccine,105

and thus, avoiding them adds a bias to the estimate, since an individual would
tend to be eliminated from the sample if a vaccine confers a great amount of
protection for a long time. There is a way to reduce the bias caused by this kind
of censorship: chose a value of t∗ large enough so that there is a high certainty
that no vaccine protection exceeds t∗, and censor the observations that were not110

followed for at least t∗ days, unless the event occurred before t∗. The amount
of bias introduced by this method depends on how large is t∗, and the bias is 0
if t → ∞ or if we wait until all vaccinated are infected. Since the largest time
elapsed between first vaccine and the appearance of symptoms in our data is
434 days, this is the maximum value we can choose for t∗, which is a reasonable115

amount of time for the vanishing vaccine effect, according to the literature. This
approach directly censors all vaccinated with no detected infection because they
were not infected before t∗ or did not reached t∗ units of observation.

The method used here is robust to the presence of individuals with natural
immunity among the vaccinated. That is, if there are individuals which are120
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immune to the disease among those vaccinated, the waning effect of vaccines
can still be parameterized. We assume that the vaccine provides some amount
of initial protection against infection and with time this protection wanes and
infections will start occurring among those vaccinated. If there are immune
individuals among vaccinated, they are still immune when the vaccine effect125

wanes completely.
Observe that ti and tj may be correlated, but they are independent, which is

essential for estimation purposes. We cannot record the exact day of infection,
and will use the day in which symptoms started, as declared by the patients.
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Figure 1: Evolution of the cumulative proportions of hospitalized (red) and ambulatory (blue)
among the vaccinated infected, as a function of time from vaccination.

As it will be shown later, the data suggests a failure time according to a130

Weibull distribution, with cumulative hazard function (λt)k. The Weibull dis-
tribution is a versatile distribution that has been extensively used in destructive
processes in industry and medicine (Johnson et al., 2005). We will obtain max-
imum likelihood estimates (MLE’s) of λ and k.

Measuring vaccine performance135

It is important to emphasize that this analysis only allows to characterize
how the protective effect wanes with time, regardless of the amount of initial

5
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Table 3: Age frequencies of Data set 4 (see Figure 2) by gender and outcome.

Age category Gender Hospitalized
Home

L U Male Female Dead Recovered n.d.∗

0 15 38 73 - 12 3 96
16 30 4,065 6,331 72 608 70 9,646
31 59 10,614 13,394 1,584 2,907 320 19,197
60 – 5,416 4,075 3,911 3,000 391 2,189

∗Non-determined up to 29/Mar/2022.

protection conferred by the vaccine. A vaccine may induce a stronger protection
than another at the beginning, but its protective effect may wane faster, and,
at the end, it could offer less total protective effect. Observe that:140

Pv(T > t) = Sv(t)

is the probability that an individual receiving vaccine v is not infected in the
next t days after first vaccination. With this, we suggest using as a measure
performance the index: ∫ ∞

0

Sv(t) dt

which is the total protection conferred by vaccine v during its lifespan. Observe
that by definition, the previous integral is the expected value of T . Therefore,145

the average time to infection under vaccine v will be used as a measure of
performance.

3. Results

We adjusted a Weibull distribution to each vaccine, leading to a survival
function:150

Sv(t) = e−(λt)
k

which has a mean λ Γ(1+1/k) where Γ(·) is the Gamma mathematical function.

3.1. A single group for every vaccine: all observations included

In a first analysis, we include all observations in 5-th column of Table 4, that
is, all individuals with infection time of at least 14 days after first shot, with or
without complete dose. This will be useful to compare with the disaggregated155

behavior for complete and incomplete dose. The fitted parameter estimates
along the expected time to infection are shown in Table 5.

6

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted April 18, 2022. ; https://doi.org/10.1101/2022.04.17.22273854doi: medRxiv preprint 

https://doi.org/10.1101/2022.04.17.22273854
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 4: Number of infections observed for every vaccine. A Weibull distributed was not fitted
in those cases with less than 100 observations (circled).

Vaccine Doses Mean ± s.d. N t ≥ 14∗∗ One dose Two dose

AZ 2 63.3± 33.1 16,256 15,052 6,194† 8,858
CA 1 – 2,522 2,432 2,305 127‡

MO 2 51.9± 46.1 434 358 110† 248

SP 2 43.5± 27.5 210 200 46† 154

SV 2 42.7± 24.7 5,207 4,963 1,237† 3,726
GA 2 51.2± 28.8 2,402 2,271 559† 1,712
JA 1 – 1,748 1,706 1,686 20‡

PF 2 41± 27.6 15,192 14,720 1,822† 12,898

∗ Mean and s.d. of the number of days between doses.
∗∗ Number of observations with at least 14 days from vaccination.
† Individuals with incomplete dose.
‡ Individuals with more than the recommended dose.

Table 5: Fitted parameters for the survival function S(t) for a Weibull distribution (λ, k)
and other statistics for each vaccine analyzed. Data from complete and incomplete dose is
considered.

Vaccine λ k N R2 µ∗ Average†

AZ 147.52 1.50 15,052 1.0 133.2 124.0
CA 163.37 1.95 2,305 1.0 144.9 139.8
MO 162.37 1.79 358 1.0 144.4 121.2
SP 171.16 1.98 200 1.0 151.7 145.4
SV 158.15 1.74 4,963 1.0 140.9 135.2
GA 155.37 1.87 2,271 1.0 138.0 131.0
JA 181.96 2.67 1,686 1.0 161.8 158.8
PF 245.07 2.15 14,720 1.0 217.0 211.9

∗µ = λ Γ(1 + k), from adjusted Weibull model.
† From data.
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Table 6: Fitted parameters for the survival function S(t) for a Weibull distribution (λ, k) for
complete and incomplete dose.

Vaccine
Complete dose Incomplete dose

N1 λ1 k1 µ∗1 N0 λ0 k0 µ∗0 µ1/µ0

AZ 8,858 207.1 2.8 184.4 6,194 66.5 1.4 61 3
CA 2,305 163.4 2 144.9 - 0 0 – –
MO 248 195.2 2.8 173.9 110 85 1.1 81 2.1
SP 154 196.8 2.8 175.2 46 0 0 – –
SV 3,726 188.2 2.6 167.1 1,237 68.4 1.2 64.7 2.6
GA 1,712 181.1 2.5 160.7 559 76.6 1.3 70.6 2.3
JA 1,686 182 2.7 161.8 - 0 0 – –
PF 12,898 266 2.8 236.9 1,822 91.8 1.1 88.9 2.7

∗µi = λ Γ(1 + k), from adjusted Weibull model.

The observed survival curves for each vaccine are shown in Figure 3 and
the observed survival curve for each vaccine together with the fitted Weibull
survival distribution are shown in Figures 4-11.160

4in

3.2. Disaggregating complete vs. incomplete dose

In this section we analyze observed vs. adjusted survival curves for each vac-
cine, considering whether the individuals completed the recommended number
of doses or not. Table 4 shows the amount of data available for each group (last165

two columns). We can analyze the effect of a complete dose in all eight vaccines
but only five allow to study the effect of an incomplete dose (see Table 4).

In particular for the CA vaccine, there were 127 individuals with two dose
(see Table 4), that is, one more than the recommended. Nevertheless, the time
elapsed between both doses is very irregular to be considered: the median of170

the elapsed time for these individuals is 44.5 days, with only 14 individuals
receiving the second dose within 4 weeks and 64 within 8 weeks. There were
20 individuals with JA vaccine with more than the single recommended dose,
which were also excluded.

Table 6 shows the parameters for the adjusted Weibull model for each case,175

and the observed survival curve together with the fitted Weibull survival dis-
tribution for both complete and incomplete dose are shown in Figures 12-19.
Confidence intervals are provided in the Appendix (10).

3.3. Disaggregating by age

Now, for all individuals with a complete dose, we disaggregate those with 60180

years or older against the rest and adjusted a survival curve to each vaccine by
group age. The adjusted survival curves are shown in Figures 20-26. Table 7

8
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Table 7: Fitted parameters for the survival function S(t) for a Weibull distribution (λ, k) for
age ≥ 60 and age < 60. Complete dose only.

Vaccine
Age < 60 Age ≥ 60

N0 λ0 k1 µ0 N1 λ1 k1 µ1

AZ 6,503 201.9 2.9 180.0 2,355 220.9 2.6 196.2
CA* 1,735 161.5 1.9 143.2 570 169.1 2 149.9
MO 228 194.3 2.8 173.0 20 – –
SP 78 – – – 76 – – –
SV 2,181 176 2.6 156.3 1,545 205.1 2.7 182.4
GA 1,345 173 2.6 153.6 367 209.7 2.5 186.1
JA 1,635 181.7 2.7 161.5 51 – –
PF† 10,028 273.3 2.9 243.6 2,870 239.7 2.8 213.5

∗ Does not reject H0 : µ1 = µ0.
† Does not reject H0 : µ0 > µ1.

shows the adjusted parameters in each case. Confidence intervals are provided
in the Appendix (10,11).

4. Discussion185

Different individuals may react differently when the vaccine strength has
been reduced, say, to 50%, depending on facts as comorbidities, amount of
exposure, age, gender, etc. For some, a 50% reduction level represents still a
high level of protection whereas for others it is already a huge loss. The methods
used here can be applied to more specific categories as the ones described (age,190

complete/incomplete dose). The waning effect is summarized in Tables 8 and 9
including only vaccines with at least 300 observations.

The main difference with other studies to characterize the waning effect of
vaccines is that in this study we consider the time to failure, instead of a sample
taken at regular intervals. This allows for a parameterization of the survival195

curves Sv(t). The Weibull model fits remarkably well, specially considering those
factors mentioned previously, as the potential effect of differential exposure. The
results in this work agree with the claims that most of the protective ability
has waned after seven months, which is true for most vaccines in the study.
Although the fitted model can be used to obtain the average time to infection200

from vaccination, special care must be taken with predicting in the boundaries.
For instance, the individuals that had a complete dose with the PF vaccine had
in average 236.7 days to infection from first dose, whereas the adjusted complete
dose model (Table 6) shows that µ = 236.9, which is quite similar. Nevertheless,
95% of individuals vaccinated with PF vaccine had been infected by day 369,205

whereas the Weibull model with the parameter for complete dose of Table 6
predicts that 95% of individuals will lost the vaccine protection by day 393, a

9
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difference of 24 days. We chose this example because the data exhibit a fast
decay of PF vaccine from a year of vaccination (see Fig. 19) which the adjusted
Weibull model did not capture.210

In general, the models for complete dose seem to have better fit than those
for incomplete dose, although there is also the possibility that these later re-
quire a different survival function. The usefulness of the incomplete dose data
depends on its nature: if the individual misses the second dose for a reason that
is associated with greater exposure, as it is the case of individuals that may215

have lost interest in receiving the second dose or believe that they have enough
protection already, those may be factors that increase the exposure (Blower &
McLean, 1994) and thus the data on incomplete dose would be useless. If the
lack of a second dose is independent from exposure or risk, then the incomplete
dose model provides information on the increase achieved by observing the rec-220

ommendations of the manufacturers. The ratio µ1/µ0 in Table 6 suggests that
the increase in average protection time of a complete dose is between 2−3 times
that of an incomplete dose. In all cases, the null hypothesis that then mean of
both groups is equal is rejected with p < 0.001.

When disaggregated by age, we observed that the protection waned faster in225

general, in younger people. One may be tempted to believe that this differential
protection between both age groups may be due to a greater exposure of one
of the groups, but if this is the case, the behavior should be consistent across
vaccines. What we observed is that the CA vaccine did not reject the hypothesis
of equal means and that the PF vaccine the younger group had a larger mean230

protection than the older. For the rest, the older group had longer protection
than the younger (see Tables 7, 8 and 9). This lack of consistency may suggest
an interaction vaccine-age group.

The role of differential pressure needs to be analyzed more deeply. Clearly,
higher infectious pressure may produce an infection quicker than under low235

infection pressure, but we do not know the functional relationship between in-
fection pressure and the increase in risk of infection. For this, we analyzed the
deployment of every vaccine through time: upon defining the vaccine age of an
individual as the current time from vaccination with the first dose, then, it is
possible to analyze the vaccine age through time. These vaccine ages can be240

compared with some surrogate of infection pressure. In this case, we use as a
surrogate the confirmed cases for Mexico using data from Dong et al. (2020).
For instance, Figure 27 shows that in the middle of August 21, there was a
peak in confirmed daily cases of SARS-CoV-2, and by that time the individuals
with the PF vaccine had the largest average vaccine age (141 d), whereas those245

vaccinated with the CA vaccine had the lowest average (58 d). This plot can
give us an idea on whether a vaccine has been deployed during higher infection
pressure or not.

Although we are measuring decay in vaccine protection, this should have
a correspondence with VE of the form V E ∝ S(t). Nordstrom et al. (2022)250

obtained estimates of VE for several cohorts for vaccines PF, MO, AZ and
a mixture of AZ and MO. Unfortunately, the intervals are too width to be
comparable in some cases. For instance, Nordstrom et al. (2022) reports that

10
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AZ vaccine has a VE of 49% in the interval 31-60 day after second doses, and
41% in the interval 61-120 days. This implies that the 45% VE is reached255

somewhere between 31 - 120 days. For PF vaccine, Nordstrom et al. (2022)
reports that an estimated VE of 47% was observed in the interval of 121-180
days after second dose. Using the complete model parameters in Table 6, PF
vaccine loses 50% protective effect by day 233 from first dose, subtracting the
average time to second dose (Table 4) of 41 days for this vaccine, yields a loss260

of 50% the protective effect by day 192.
Also, for PF vaccine, Nordstrom et al. (2022) reports a VE of 23% after

210 days from second dose. The Weibull model for the complete dose (Table 6)
shows that a loss of 77% protection is achieved by day 305 from first dose or
264 days from second dose. A larger contrast between Nordstrom et al. (2022)265

an this study is related to the AZ vaccine, since they found this vaccine has
lost the VE after 120 days from second dose, while our complete dose model
suggests that, after subtracting the average time between first and second dose,
by day 118 AZ still exhibits a 50% protective strength.

In more agreement with Nordstrom et al. (2022) are their results when all270

groups were combined: a VE of 50% was observed by days 121-180 after second
dose, and that a VE of 23% was estimated after day 210. In our analysis,
when combining all vaccines and weighting for sample size, we found that a
50% protective effect is lost by day 151 from second dose and that 75% efficacy
has been lost by day 210.275

Our results also agree with those of Andrews et al. (2022), where it is re-
ported that by day 140 after second dose, the vaccines AZ and PF vaccines have
reduced the VE to 44.3% and 66.3% respectively. When using the survival curve
from our adjusted Weibull model for the complete dose, the protective efficacy
of the vaccines by day 140 has been reduced to 38% and 71% respectively. Also280

Bedston et al. (2022) estimates a VE of 86% by day 14 and of 53% by day 154
for PF vaccine after second dose, whereas our survival model for complete dose
PF vaccine for those days is 99% and 66% respectively.

It is important to notice that there were 1, 528 vaccinated individuals with
a vaccine age larger than 400 days and of these, only 40 (2.6%) gave a positive285

PCR in that interval and out of these later group, 4 (10%) where hospital-
ized. There is an interesting interpretation of these facts, since they show that
when the vaccine effect had reasonably waned for all vaccines, only less than
0.3% required hospitalization. Given the high infectiousness of the different
SARS-CoV-2 variants, this may suggest that there may be a large proportion290

of individuals with natural immunity in the population.

5. Ethics declaration

This study was reviewed and approved by the Local Health Research Com-
mittee 601 of the Instituto Mexicano de Seguro Social (approval R-2020-601-
022).295
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Table 8: Day at loss of a given protection ability of vaccines among those receiving complete
dose with age < 60 years, with at least 300 observations. Calculated from the adjusted Weibull
distribution

.

Vaccine N
Proportion of protection lost

0.5 0.6 0.7 0.8 0.9 0.95

AZ 6,503 178 196 215 238 269 295
CA 1,735 133 154 178 207 251 288
MO 228 – – – – – –
SP 78 – – – – – –
SV 2,181 153 170 189 211 243 268
GA 1,345 150 167 186 208 238 264
JA 1,635 159 176 195 217 247 273
PF 10,028 241 265 291 322 364 399

Table 9: Day at loss of a given protection ability of vaccines among those receiving complete
dose with age < 60 years, with at least 300 observations. Calculated from the adjusted Weibull
distribution

.

Vaccine N
Proportion of protection lost

0.5 0.6 0.7 0.8 0.9 0.95

AZ 2,355 192 214 237 265 304 337
CA 570 141 162 186 215 257 293
MO 20 – – – – – –
SP 76 – – – – – –
SV 1,545 179 199 220 245 279 308
GA 367 181 202 226 254 293 325
JA 51 – – – – – –
PF 2,870 210 232 256 284 323 355
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7. Appendix

Table 10: Estimates and 95% CI for the parameters of the Weibull distribution, for complete
dose only with age < 60

.

Vaccine λ̂ λ̂L λ̂U k̂ k̂L k̂U

AZ 201.9 200.1 203.7 2.89 2.84 2.94
CA 161.5 157.4 165.7 1.93 1.86 2.01
NO 206.9 158.9 269.2 2.61 1.56 4.37
MO 194.3 184.9 204.2 2.77 2.52 3.05
SP 181.9 167 198.1 2.75 2.33 3.24
SV 176 173 179.1 2.56 2.47 2.64
GA 173 169.2 176.8 2.6 2.5 2.71
JA 181.7 178.3 185.2 2.66 2.56 2.78
PF 273.3 271.4 275.3 2.85 2.8 2.9
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Table 11: Estimates and 95% CI for the parameters of the Weibull distribution, for complete
dose only with age ≥ 60

.

Vaccine λ̂ λ̂L λ̂U k̂ k̂L k̂U

AZ 220.9 217.3 224.5 2.62 2.53 2.7
CA 169.1 162 176.5 2.01 1.88 2.14
NO 228.7 187.5 278.8 2.89 1.87 4.46
MO 204.7 181.7 230.7 3.89 2.75 5.48
SP 211.9 195 230.2 2.88 2.43 3.42
SV 205.1 201.1 209.1 2.7 2.6 2.8
GA 209.7 200.9 218.9 2.52 2.32 2.73
JA 189 170.9 208.9 2.85 2.3 3.54
PF 239.7 236.4 242.9 2.84 2.76 2.93

16

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted April 18, 2022. ; https://doi.org/10.1101/2022.04.17.22273854doi: medRxiv preprint 

https://doi.org/10.1101/2022.04.17.22273854
http://creativecommons.org/licenses/by-nc-nd/4.0/


SINOLAVE database: n = 5’365,955 
From 29/Dec/2019 to: 01/Apr/2022

n = 1’462,156
From 25/Apr/2020 to: 31/Mar/2022

Including vaccinated or a PCR+ test

Discarding no date of beginning of 
symptoms or no vaccination date

Including only vaccinated

Including only PCR +

Using only first infection

n = 1’235,991
From 7/Jan/2021 to: 31/Mar/2022

n 1’236’439
From 07/Ene/2021 to: 31/Mar/2022

n = 44,194
From 04/Feb/2021 to: 29/Mar/2022

n = 44,006
From 04/Feb/2021 to: 29/Mar/2022

Data set 1

Data set 2

Data set 3

Data set 4

Data set 5

Data set 6

Figure 2: Data selection process from the original SINOLAVE IMSS database with 5’365,955
observations and 169 variables to the working database with 44,006 observations and 17 vari-
ables. The data obtained at each step is required for additional analysis not included here.
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Figure 3: Survival curves for vaccines with more than 100 observations.
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Figure 4: Survival curves for AZ vaccine. Continuous line is the adjusted Weibull survival
model (see parameters in Table 5

.
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Figure 5: Survival curves for CA vaccine. Continuous line is the adjusted Weibull survival
model (see parameters in Table 5

.
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Figure 6: Survival curves for MO vaccine. Continuous line is the adjusted Weibull survival
model (see parameters in Table 5

.
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Figure 7: Survival curves for SP vaccine. Continuous line is the adjusted Weibull survival
model (see parameters in Table 5

.
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Figure 8: Survival curves for SV vaccine. Continuous line is the adjusted Weibull survival
model (see parameters in Table 5

.
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Figure 9: Survival curves for GA vaccine. Continuous line is the adjusted Weibull survival
model (see parameters in Table 5

.
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Figure 10: Survival curves for JA vaccine. Continuous line is the adjusted Weibull survival
model (see parameters in Table 5

.
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Figure 11: Survival curves for PF vaccine. Continuous line is the adjusted Weibull survival
model (see parameters in Table 5

.
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Figure 12: Survival curves and adjusted model for incomplete (red) and complete (blue) dose
for AztraZeneca vaccine. Parameter estimates are shown in Table 6.
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Figure 13: Survival curves and adjusted model for CA vaccine. Parameter estimates are shown
in Table 6.
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Figure 14: Survival curves and adjusted model for incomplete (red) and complete (blue) dose
for MO vaccine. Parameter estimates are shown in Table 6.
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Figure 15: Survival curves and adjusted model for complete (blue) dose for SP vaccine. Pa-
rameter estimates are shown in Table 6.

30

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted April 18, 2022. ; https://doi.org/10.1101/2022.04.17.22273854doi: medRxiv preprint 

https://doi.org/10.1101/2022.04.17.22273854
http://creativecommons.org/licenses/by-nc-nd/4.0/


0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 50 100 150 200 250 300 350 400

Pr
op

or
tio

n 
in

fe
ct

ed
 a

m
on

g 
th

os
e 

ev
en

tu
al

ly
 in

fe
ct

ed

Days from vaccination

SV

Figure 16: Survival curves and adjusted model for incomplete (red) and complete (blue) dose
for SV vaccine. Parameter estimates are shown in Table 6.
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Figure 17: Survival curves and adjusted model for incomplete (red) and complete (blue) dose
for GA vaccine. Parameter estimates are shown in Table 6.
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Figure 18: Survival curves and adjusted model for complete (blue) dose for JA vaccine. Pa-
rameter estimates are shown in Table 6.
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Figure 19: Survival curves and adjusted model for incomplete (red) and complete (blue) dose
for PF vaccine. Parameter estimates are shown in Table 6.
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Figure 20: Survival curves and adjusted model for complete dose, age < 60 (blue) and age
≥ 60 (red) for AZ vaccine. Parameter estimates are shown in Table 7.
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Figure 21: Survival curves and adjusted model for complete dose, age < 60 (blue) and age
≥ 60 (red) for CA vaccine. Parameter estimates are shown in Table 7.
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Figure 22: Survival curves and adjusted model for complete dose, age < 60 (blue) for MO
vaccine. No model was adjusted for age ≥ 60. Parameter estimates are shown in Table 7.
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Figure 23: Survival curves and adjusted model for complete dose, age < 60 (blue) and age
≥ 60 (red) for SV vaccine. Parameter estimates are shown in Table 7.
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Figure 24: Survival curves and adjusted model for complete dose, age < 60 (blue) and age
≥ 60 (red) for GA vaccine. Parameter estimates are shown in Table 7.
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Figure 25: Survival curves and adjusted model for complete dose, age < 60 (blue) for JA
vaccine. No model was adjusted for age ≥ 60. Parameter estimates are shown in Table 7.
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Figure 26: Survival curves and adjusted model for complete dose, age < 60 (blue) and age
≥ 60 (red) for PF vaccine. Parameter estimates are shown in Table 7.
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Figure 27: Deployment of the different vaccines through from one year after beginning of mass
vaccination. The thick, black line indicates the evolution of the confirmed SARS-CoV-2 cases
in Mexico (Dong et al., 2020), as a surrogate of infection pressure (left axis). The rest of the
lines show, for each vaccine, the evolution of the mean vaccine age (right axis).
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