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Abstract 

 

Background: It's unclear whether vaccination individuals against SARS-CoV-2 protects family members in the same 

way. 

 

Objective: The assessment of risk factors for SARS-CoV-2 transmission from index cases with COVID-19 breakthrough 

infection in completely vaccinated patients to fully vaccinated family members. 

 

Methods: From February 1 to November 30, 2021, an observational, longitudinal, and prospective research of families 

with one primary case of COVID-19 breakthrough infection was done in a general medicine practice in Toledo, Spain. 

 

Results: Thirteen primary cases of COVID-19 breakthrough infection in 13 families with at least one other family 

member were included, of which 9 were positive secondary cases (sick) and 8 were negative partners (healthy) properly 

vaccinated. Being a woman, being over 45 years old, being a social-health professional, being an ethnic minority, and 

having chronic conditions all increased the likelihood of developing COVID-19 in fully vaccinated contacts and main 

cases. Although vaccination 2ChAdOx1 nCoV-19 had a higher effectiveness than BNT162b2 mRNA, none of these risk 

or protective factors were statistically significant. 

 

Conclusion: Young women, social health workers, ethnic minority groups, and people with chronic diseases are the 

completely vaccinated contacts with the highest risk of having COVID-19, after primary cases also vaccinated in the 

family, in Toledo (Spain), when the delta variant became dominant but before the rise of omicron. 

 

 

Keywords: COVID-19; SARS-CoV-2; Household contact; Vaccination; Breakthrough Infection; Relative Risks; General 
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Introduction  

 

COVID-19 vaccinations are effective and will be crucial 

in ending the pandemic. Vaccines that are currently 

available appear to restrict infection and viral 

replication, lowering viral loads below the threshold for 

transmission and preventing symptoms (1). However, 

no vaccination is 100 percent effective, and even among 

completely vaccinated people, there will be a small 

number of COVID-19 infections, hospitalizations, and 

deaths (2). Furthermore, it has been noted that, unlike 

prior versions, vaccinated patients infected with Delta 

and other future forms may be able to transmit it more 

easily (3, 4). 

The global immunization campaign is expected to 

control the pandemic caused by the severe acute 

respiratory syndrome coronavirus 2. (SARS-CoV-2). 

However, there are still questions concerning the virus's 

long-term relationship with humans, as well as which 

coronavirus disease types will be prevalent in the future 

(COVID-19) (5). 

It's possible that the vaccine minimizes transmission 

because it reduces asymptomatic SARS-CoV-2 

infection. However, there is a scarcity of data from 

clinical trials and observational investigations (6). In 

this context, houses are the primary locations of SARS-

CoV-2 transmission worldwide (7), and it is unknown if 

individual SARS-CoV-2 vaccination protects family 

members at home (6). 
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Furthermore, epidemiological evaluation studies of 

transmissibility in most viral infectious diseases (the 

probability that a pathogen spreads from an infected 

individual to an uninfected individual) and family 

heterogeneity are uncommon; thus, risk factors for 

transmission in a household, given an index case, are 

unknown. Many respiratory viruses are dependent on 

time and proximity (8–10), even though the standard 

depiction of "transmission chains" helps to break out 

some of the parameters that affect transmission. 

However, the pathogen has received all the attention, 

and it is not only about the variation, but also about the 

host and the environment (11). 

The majority of COVID-19 patients are cared for at 

home, which raises the risk of exposure for family 

members. Family members and others who care for 

people with COVID-19 in the community, on the other 

hand, have received less attention (12). Transmission 

at home before to vaccination was, predictably, 

prevalent (13, 14). In this context, the current study 

sought to determine potential risk factors for SARS-

CoV-2 transmission from people who had received all 

of their vaccines to other family members who had 

received all of their vaccines. 

 

Materials and methods 

 

From February 1 to November 30, 2021 (before the 

COVID-19 Vaccine Booster was introduced), an 

observational, longitudinal, and prospective study of 

all families in which at least one case of COVID-19 

breakthrough infection was diagnosed in vaccinated 

people with a full vaccination schedule and at least one 

other member in the household was conducted in a 

general medicine office in Toledo, Spain, with a list of 

2,000 patients > 14 years of age (in Spain, general 

practitioners (GP) is referred to as "GPs" GPs in Spain 

work under the public National Health System and 

serve as the system's entry point for all patients. Each 

person is allocated to a GP (15). The study's general 

methodology has already been published (16). 

 

Criteria for inclusion and exclusion of participants 

 

All families in which a case of COVID-19 was 

diagnosed in a fully vaccinated person throughout the 

study period, had at least one member of the family 

exposed to infection transmission, were attending the 

same consultation, and their medical information was 

accessible were included. 

 

1. Diagnosis of COVID-19 breakthrough infections 

in vaccinated people: 

 

Because vaccines take roughly two weeks to gain 

maximum effectiveness, a person is not considered 

fully vaccinated until two weeks after receiving the 

recommended number of doses for the vaccine. As a 

result, a case of COVID-19 vaccination breakthrough 

is defined as someone who tests positive (reverse 

transcriptase polymerase chain reaction-PCR-or 

antigen) for COVID-19 after being completely 

vaccinated for public health purposes (2). To be 

considered fully vaccinated, a person had to: 

 

A. That they received two vaccine doses separated by 

at least 19 days if the first dose was BNT162b2 mRNA 

vaccine (Comirnaty, Pfizer / BioNTech), 21 days if the 

first dose was ChAdOx1 nCoV-19 vaccine 

(Vaxzevria, Oxford / AstraZeneca), or 25 days if the 

first dose was mRNA-1273 vaccine (Spikevax, 

formerly COVID-19 (Spikevax). Those who had the 

Janssen vaccine (Johnson & Johnson vaccine) more 

than 14 days ago were also regarded completely 

immunized. 

 

B. Or, that they have received a dosage of any of the 

vaccinations after having passed the sickness, 

following a minimum period of time equal to that 

established for the second doses. 

 

C. It was considered fully vaccinated after 7 days if the 

second dose was with Comirnaty, or after 14 days if it 

was with the Moderna vaccine, in the heterologous 

regimen in which Vaxzevria (Oxford/AstraZeneca) 

was used in the first dose and mRNA vaccines in the 

second (17). 

 

2. Diagnosis of COVID-19: 

Antigen testing or reverse transcriptase polymerase 

chain reaction (PCR) oropharyngeal swab tests were 

used to make the diagnosis. For symptomatic 

individuals with fewer than 5 days of evolution, rapid 

antigen tests were started. Both symptomatic patients 

and asymptomatic contacts were tested with PCR. 

Asymptomatic carriers and confirmed cases were 

among the cases. The registration systems used by 

general medical services in the consultation were 

utilized to acquire information on COVID-19 patients 

and their contacts. Any person with a clinical picture 

of rapid onset acute respiratory infection of any 

severity, including fever, cough, or shortness of 

breath, was classified as a symptomatic confirmed 

case with active infection. According to clinical 

criteria, other symptoms such as odynophagia, 

anosmia, ageusia, muscle pain, diarrhea, chest 

discomfort, or headache were also deemed signs of 

suspected SARS-CoV-2 infection, and a positive PCR 

or fast antigen test was positive (17).
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3. Household contacts: 

 

People who lived in the same house as the COVID-19 

index case were considered household contacts. We 

classified family members as people who lived in the 

same residence as the major cases for 14 days before 

and for more than 24 hours after they experienced 

COVID-19-related sickness. The time definition of 

transmission from 1 to 14 days was used to catalog the 

supposed domiciliary transmission from an index case 

in the residences (18, 19). The initial appearance of 

self-reported clinical symptoms was designated as the 

onset date of a verified case (20). The date a positive 

COVID-19 PCR test was acquired was used to 

determine the onset date for an asymptomatic carrier 

(20). Five to seven days following close contact with 

a person with confirmed COVID-19, household 

contacts (people with full immunization schedule 

included) with no COVID-19 symptoms were 

screened (21). In the first 24 hours after a person 

suspected of having SARS-CoV-2 infection, they were 

all tested for active SARS-CoV-2 infection (17). 

 

4. Isolation measures at home: 

 

In the cases of COVID-19, isolation was maintained 

for at least 10 days after the beginning of symptoms, 

and for at least three days following the remission of 

the fever and clinical picture. Following the discovery 

of a primary case of COVID-19 breakthrough 

infection in a vaccinated family member, family 

members who were not vaccinated or had an 

incomplete vaccination schedule were advised to be 

isolated for 10 days; family members who had 

completed their vaccination schedule were not 

isolated. Only avoiding contact with vulnerable 

persons, wearing a mask in social interactions, not 

attending mass gatherings, and monitoring the likely 

appearance of similar symptoms were recommended 

in these circumstances (20). 

 

Outcomes of interest: 

 

1. The characteristics obtained were examined as 

predictors (potential risk factors) of SARS-CoV-2 

transmission from those who had received a full 

vaccination schedule to other members of the family 

who had also received a full vaccination schedule. In 

this way, the variables were compared by calculating 

the relative risk (RR) as the incidence among the 

exposed population divided by the incidence among 

the population not exposed to potential risk factors. 

The RR informs clinicians of a patient's increased risk 

of being exposed to a risk factor and also helps to 

identify persons who are at high risk, but it does not 

indicate the likelihood that someone with the risk 

factors would develop the disease. The following is 

how the RR was read (22): 

 

-From 0 to 0.5: protection factor effectively 

-From 0.6 to 0.8: true benefits 

-From 0.9 to 1.1: not significant 

-From 1.2 to 1.6: weak risk 

-From 1.7 to 2.5: moderate risk 

-More than 2.5: strong risk 

 

2. The efficacy of each particular type of vaccine (VE) 

used in secondary cases, which was estimated as a 

percentage: [1 – RR (Incidence of COVID-19 among 

the exposed population to a given type of vaccine / 

Incidence of COVID-19 among the population not 

exposed to that particular type of vaccine) * 100] (23). 

 

Collected variables: 

 

From the medical records of the general medicine 

practice under investigation, data on the index case 

and close connections were collected. The variables 

that were gathered were: 

 

-Primary case or secondary case 

-Age and sex 

- "Any change or deviation from normal that has one 

or more of the following characteristics" is defined as 

Chronic disease; it is permanent, results in residual 

impairment, is caused by a pathological alteration 

(non-reversible), needs special training of the patient 

for rehabilitation, and/or can be expected to require a 

long period of control, observation, or treatment" (24), 

and is classified using the International Statistical 

Classification of Diseases and Health-Related 

Conditions (25) 

-Social-occupancy class (according to the Registrar 

General's classification of occupations and social 

status code) (26, 27) 

-If they were Health Care Workers 

- Problems in the family context and low-income 

households based on the genogram and the GP's 

experience for continuity of care and family 

knowledge (a genogram is a schematic model of the 

structure and processes of a family that includes the 

family structure, life cycle, and family relational 

patterns). Families with "complex" genograms were 

thought to have psychosocial issues. (28-31) 

-Number of family members 

-Ethnic minority 

- Comirnaty (Pfizer-BioNTech-BNT162b2 mRNA; 

Pfizer / BioNTech), Vaxzevria (AstraZeneca), and 
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Janssen / Johnson & Johnson vaccine ( The European 

Commission has currently approved four vaccines: 

Comirnaty, Pfizer / BioNTech, which was approved 

on December 21, 2020; Moderna, which was approved 

on January 6; AstraZeneca, which was approved on 

December 29; and Janssen / Johnson & Johnson, 

which was approved on March 11. These four 

vaccinations, all of which have been approved by the 

European Medicines Agency, are currently available 

in Spain. (32) 

 

Statistical analysis: 

 

The Chi Square test (X2), X2 with Yates correction, or 

Fisher Exact Test (according to the predicted cell 

totals) for percentages, and the Student's t-test for the 

mean, were used for bivariate comparisons. 

 

Results 

 

In addition to the primary case of COVID-19 

breakthrough infection, thirteen primary cases in 13 

families with at least one other family member were 

included, totaling 46 people. The study's overall 

findings have already been published (16). In these 13 

families, a total of 33 people were exposed, with 9 

positive secondary cases (sick) in fully vaccinated 

people and 8 negative partners (healthy) in fully 

vaccinated people (Figure 1). Being a woman, 

being >45 years old, being a social health professional, 

being an ethnic minority, and presenting any chronic 

disease were all risk factors for having COVID-19 in 

completely vaccinated contacts, of main cases also 

fully vaccinated in the family (within these, blood and 

nervous and senses groups). Being male, being > 65 

years old, and having chronic disorders of the mental 

and genitourinary groups were all protective factors 

for not developing COVID-19 in entirely vaccinated 

contacts, of main cases also completely vaccinated in 

the family. The BNT162b2 mRNA vaccine 

(Comirnaty, Pfizer/BioNTech) and the 2ChAdOx1 

nCoV-19 vaccine (Vaxzevria, Oxford/AstraZeneca) 

were the only vaccines used. Vaccine efficacy was 

higher in individuals who received 2ChAdOx1 nCoV-

19 than in those who received BNT162-2 mRNA. 

However, statistically, none of these risk or protective 

factors were significant (Table 1, Table 2, and Table 

3). 

 

Discussion 

 

COVID-19 vaccinations lower the risk of infection 

and infectivity associated with it (33–35). However, it 

has become obvious that some persons can contract 

COVID-19 despite receiving a complete vaccine, 

particularly if they are older or immunocompromised, 

or if longer intervals have passed since the second 

dose. Those who contract COVID-19 despite being 

completely vaccinated are far less contagious to their 

contacts, who are protected from infection if they are 

also fully vaccinated (36). A person who has been 

vaccinated may become infected again if their 

defenses have not responded well to the vaccines; 

second, if the vaccines have lost potency after several 

months, which can happen in people with a weak 

immune system; and third, if they have risk factors 

such as diabetes, obesity, or asthma (37). 

Vaccine-induced immunity has four important 

properties that can minimize transmission, and 

vaccines can theoretically suppress SARS-CoV-2 at 

all phases to prevent transmission: 1. Infection: When 

the virus infects the target cells at the exposure site, it 

causes infection. As a result, even if vaccinations are 

as successful in preventing Delta infections as they 

were with earlier variations, if Delta is more 

infectious, household transmission may increase (38, 

39). 2. Viral replication: If a virus replicates at a high 

enough level within its host, it can spread from host to 

host. According to research, only a small percentage 

of those who have been vaccinated have significant 

virus loads (40). The most potent immunizations 

appear to significantly reduce viral replication and 

thereby transmission (39); 3. 4. Degree of 

symptomaticity: vaccinations can trigger immune 

responses that limit the infectivity of the virus 

released; and 5. Threshold for transfer from host to 

host: vaccines can further reduce the degree of 

transmissibility by reducing symptoms (e.g., coughing 

and sneezing); and (1). Transmission is determined not 

only by the susceptibility of the contacts, but also by 

the infectivity of the cases, and while vaccination 

lowered susceptibility, it did not appear to reduce 

infectivity (41, 42). 

 

Main findings: 

 

Our study's main finding is that current vaccines 

appear to have only moderate efficacy in preventing 

COVID-19 transmission in fully vaccinated contacts 

of primary cases who are also fully vaccinated in their 

family, with women, those 45 years or older, socio-

health workers, and those with chronic diseases being 

at higher risk.
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Table 1. Comparison of the variables studied between positive secondary cases and negative partners in fully 

vaccinated people (healthy) 

 

Risk factors Positive secondary 

cases (sick) in fully 

vaccinated people 

(N=9) 

 Negative partners 

(healthy) in fully 

vaccinated people 

(N=8) 

Statistical significance  Relative risk (RR) 

 

-Woman 5 (56%) 3 (37%) X2 with Yates 

correction= 0.0664. 

p= .796643. NS  

RR= 1.41 (CI 95%: 0.11, 

18.8). Weak risk 

> = 65 years 2 (22%) 3 (37%) Fisher exact test= 

0.6199. NS  

RR= 0.69 (CI 95%: 65.01, 

0.01). True benefits  

< = 45 years 5 (56%) 1 (12%) Fisher exact test= 

0.1312. NS  

RR= 2.29 (CI 95%: 0.69, 

7.63). Moderate risk 

-Workers with 

some type of 

specialization 

2 (22%) 2 (25%) Fisher exact test= 1. NS  RR= 0.93 (CI 95%: 1.28, 

0.67). NS 

-Socio-health 

workers 

3 (33%) 0 Fisher exact test= 

0.2059. NS  

RR= 2.33 (CI 95%: 0.56, 

9.73). Moderate risk 

-Ethnic minority 1 (11%) 0 Fisher exact test= 1. NS  RR= 2 (CI 95%: 0, 

13635671207.68).  Moderate 

risk 

-Low income 

household 

0 0 Fisher exact test= 1. NS NaN  

-Complex family 0 0 Fisher exact test= 1. NS NaN  

-Family with > = 4 

members 

6 (67%) 5 (62%) Fisher exact test= 1. NS RR= 1.09 (CI 95%: 0.65, 

1.82). NS 

-Presence of 

crhonic diseases  

8 (89%) 5 (62%) Fisher exact test= 

0.2941. NS  

RR= 2.46 (CI 95%: 0.2, 

29.52). Moderate risk 

 

( ): Denotes percentages of total in patients (positive PCR) and in healthy (negative PCR and asymptomatic); NS: Not 

significant at p< .05; CI: Confidence interval; NaN: "It is not a Number" (it is a value that is usually returned as the 

result of an operation with invalid input operands); RR: Relative risk  
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Table 2. Comparison of chronic diseases between positive secondary cases and negative partners in fully vaccinated 

people (healthy) 

 

Chronic diseases 

according to WHO,  

ICD-10 Groups 

Positive secondary 

cases (sick) in fully 

vaccinated people 

(N=9) 

 Negative partners 

(healthy) in fully 

vaccinated people 

(N=8) 

Statistical 

significance 

Relative risk (RR)  

 

-II Neoplasms 0 0 Fisher exact test= 1. 

NS 

NaN  

-III Diseases of the 

blood  

1 (4%) 0 Fisher exact test= 1. 

NS 

RR= 1.77 (CI 95%: 

0, 3077.21). 

Moderate risk 

-IV Endocrine 6 (26%) 5 (29%) X2 with Yates 

correction= 0.0157. 

p= .900242. NS  

RR= 0.93 (CI 95%: 

2.78, 0.31). NS 

-V Mental  1 (4%) 1 (6%) Fisher exact test= 1. 

NS 

RR= 0.86 (CI 95%: 

1.54, 0.48). True 

benefits 

-VI-VIII Nervous and 

Senses 

1 (4%) 0 Fisher exact test= 1. 

NS 

RR= 1.77 (CI 95%:  

0.31, 7.21). 

Moderate risk 

-IX Circulatory 

system 

4 (18%) 3 (18%) X2 with Yates 

correction= 0.1599. 

p= .689272. NS  

RR= 0.99 (CI 95%: 

1.04, 0.94). NS 

-X Respiratory system 2 (9%) 1 (6%) Fisher exact test= 1. 

NS 

RR= 1.17 (CI 95%: 

0.37, 3.66). NS 

-XI Digestive system 3 (13%) 2 (12%) Fisher exact test= 1. 

NS 

RR= 1.05 (CI 95%: 

0.81, 1.37). NS 

-XII Diseases of the 

skin  

0 0 Fisher exact test= 1. 

NS 

NaN  

-XIII Musculo-

skeletal  

5 (22%) 4 (23%) X2 with Yates 

correction= 0.062. 

p= .803412. NS  

RR= 0.96 (CI 95%: 

1.32, 0.7). NS 

-XIV Genitourinary  0 1 (6%)  Fisher exact test= 

0.425. NS  

RR= 0 (CI 95%: 

Infinity, 0). 

Protection factor 

effectively 

Total*=  23 (100%) 17 (100) --- --- 

 

*Patients could have more than one chronic disease. The percentages are over the total of chronic disease; NS: Not 

significant at p< .05; CI: Confidence interval; NaN: "It is not a Number" (it is a value that is usually returned as the 

result of an operation with invalid input operands); RR: Relative risk  
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Table 3. Comparison of vaccine types between positive secondary cases and negative partners in fully vaccinated 

people (healthy) 

 

Vaccine types Positive 

secondary cases 

(sick) in fully 

vaccinated 

people (N=9) 

 Negative 

partners 

(healthy) in 

fully vaccinated 

people (N=8) 

Statistical 

significance 

Relative risk 

(RR)  

 

Vaccine Effectiveness 

[VE= (1 – RR) * 100] 

BNT162b2 

mRNA vaccine 

(Comirnaty, Pfizer 

/ BioNTech) 

6 (67%) 5 (62%) Fisher exact 

test= 1. NS 

RR= 1.09 (CI 

95%: 0.65, 

1.82). NS 

VE= (1-1.09) * 100= -9% 

(The incidence rate of 

COVID-19 in those 

vaccinated with BNT162b2 

mRNA is greater than the 

number of COVID-19 

cases in subjects not 

vaccinated with said 

vaccine, but vaccinated 

with 2ChAdOx1 nCoV-19)  

2ChAdOx1 nCoV-

19 vaccine 

(Vaxzevria, 

Oxford 

/AstraZeneca) 

3 (33%) 3 (38%) Fisher exact 

test= 1. NS 

RR= 0.92 (CI 

95%: 1.51, 

0.56). NS 

VE= (1-0.92) * 100= 8% 

(The incidence rate of 

COVID-19 in those 

vaccinated with 

2ChAdOx1 nCoV-19 is 

less than the number of 

COVID-19 cases in 

subjects not vaccinated 

with said vaccine, but 

vaccinated with BNT162-2 

mRNA) 

TOTAL 9 (100%) 8 (100%) --- --- --- 

 

NS: Not significant at p< .05; CI: Confidence interval; VE: Vaccine effectiveness; RR: Relative risk 
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Figure 1. General outline of the study 

 

Similar and different studies: 

 

To calculate it, the risk of something happening (in this 

case, getting sick with COVID-19 inside the family 

despite having been vaccinated) when exposed to 

something (in this case, COVID-19 Breakthrough 

Infection in a fully vaccinated family member) must 

be estimated (22). Individual risk of contracting 

COVID-19 after vaccination is determined by a 

number of factors that differ from person to person, 

including general health, where they live and with 

whom they live, local conditions, precautions taken, 

and the frequency with which people are exposed to 

other people who may be carriers of the virus (43). 

Patient features (for example, age), circumstances (for 

example, time from vaccination), and virus 

characteristics (for example, lineage) can all influence 

the chance of infection following a vaccine (1). 

[1-RR (Incidence of COVID-19 among the exposed 

population to a specific kind of vaccine/Incidence 

among the population not exposed to that specific type 

of vaccine) x 100] was used to calculate the VE of each 

type of vaccination employed in our investigation. 

(23). In this regard, it was revealed that the contagion 

rate at home between two vaccinated people was 27 

percent in an inquiry conducted between April and 

October 2021 with the analysis of more than 30,000 

cases of contagion between close contacts, both 

domiciliary and non-domiciliary (23, 44). 

The presence of comorbidities has been shown to 

reduce vaccination efficacy (23). Immunosuppression, 

diabetes, obesity, and asthma would all be risk factors 

for COVID-19 infections in patients who had been 

vaccinated (37, 45). Chronic illnesses were observed 

to increase the probability of COVID-19 infection in 

completely vaccinated contacts (RR = 2.46; Moderate 

risk). Being 45 years old was discovered to be a risk 

factor (RR = 2.29; moderate risk). However, persons 

over the age of 60 are at a larger risk since 

immunizations have a reduced protective impact (18). 

Being a woman (RR = 1.41; weak risk) and being a 

socio-health worker (RR = 2.33; moderate risk) were 

revealed to be risk factors for having COVID-19 in 

completely vaccinated contacts of primary cases who 

were also fully vaccinated in the family. In the 

COVID-19 pandemic, it was already noted that 

women experience more psychosocial consequences 

in regard to job, family, intra-family transmission and 

childcare, quarantine, and other factors, which is 

exacerbated by the fact that the majority of health 

workers are women (46). In our culture, women are 

more eager to care for the home and children, which 

includes activities such as grocery shopping. Other 

research on household infections in the immunized 

suggest that women are at a higher risk than men (23). 

In contrast, we discovered in our study that being an 

ethnic minority increased the probability of presenting 

COVID-19 in fully vaccinated contacts of a primary 
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case (RR = 2. 00; moderate risk). This information 

could be connected to unsafe conduct. The variation of 

risk attitudes among poor households in wealthy 

nations is little understood. Heads of families with 

lower risk aversion may be willing to take on more 

risk, and there has been evidence of a negative 

association between household size and risk aversion 

(47). 

Furthermore, it should be noted that in our study, the 

index case's fully vaccinated family members did not 

perform isolation, despite being urged to wear masks 

and prevent close contact. The contagion rate at home 

is lower (15%) when the infected individual is not 

vaccinated and their contact is vaccinated than when 

two vaccinated people are together (27%) and also 

when the index case is vaccinated but their spouse is 

not vaccinated (41 percent ). To explain why this 

percentage is lower than when both parents are 

vaccinated, it is thought that when both parents are 

vaccinated, there are fewer preventative measures in 

place at home (23, 44). 

COVID-19 vaccines are not all created equal. The two 

mRNA vaccines are clearly highly successful at 

preventing illnesses caused by early variations (before 

Delta and Omicron) (48). At 24 weeks, the chance of 

COVID-19 outcomes was reported to be lower with 

mRNA-1273 than with BNT162b2; this pattern was 

similar during the periods when the alpha and delta 

variants predominated (49). Among completely 

vaccinated secondary cases, we found no statistically 

significant changes in risk based on vaccine type. 

Vaccine efficacy was higher in individuals who 

received 2ChAdOx1 nCoV-19 than in those who 

received BNT162-2 mRNA. Due to the small number 

of participants included, these findings should be 

interpreted with caution. 

 

Study limitations: 

 

1. It should be noted that changes in community 

transmission throughout the study period may imply 

changes in personal protective actions in some way, 

which could cause confusion when interpreting the 

results of the risk of infection secondary in the family. 

2. If the virus in the secondary case was truly obtained 

outside the home, it's possible that transmission at 

home was misclassified. Genomic data has not been 

integrated with epidemiological contact tracing data. 

3. Because our selection of families is opportunistic 

rather than probabilistic, sample bias is a possibility. 

Because GPs in Spain constitute the gateway to the 

health system, the vast majority of COVID-19 

breakthrough infections among vaccinated family 

members were likely included (15). 

4. Finally, the sample size is modest, which may 

restrict the statistical significance of the findings. 

 

Conclusion 

 

Most COVID-19 patients are cared for at home, 

increasing the risk of exposure for family members. 

These vaccines appear to have only moderate efficacy 

in preventing the transmission of COVID-19 in fully 

vaccinated contacts of primary cases also fully 

vaccinated in the family in the context of general 

medicine in Toledo (Spain) on the dates the study was 

carried out (with an increase in the prevalence of the 

Delta variant, but before the introduction of micron, 

and before starting the third dose of the vaccines), 

assuming greater risk in women, people aged 45, and 

people in their 50s. Vaccines prevent transmission, but 

easing restrictions can negate their effectiveness. 

 

References 

 

1. Mostaghimi, D., Valdez, C.N., Larson, H.T., 

Kalinich, C.C., Iwasaki, A. Prevention of host-to-host 

transmission by SARS-CoV-2 vaccines. Lancet Infect 

Dis 2022;22(3): E52-E58. 

2. South Carolina Department of Health and 

Environmental Control. Breakthrough cases: Tracking 

disease infection after vaccination. 2021. Available 

from: https://scdhec.gov/covid19/covid-19-

data/breakthrough-cases-tracking-disease-infection-

after-vaccination. 

3. Reuters Staff. Early Signs COVID-19 Vaccines 

May Not Stop Delta Transmission, England Says. 

Medscape; August 6, 2021. Available from: 

https://www.reuters.com/world/uk/england-says-

delta-infections-produce-similar-virus-levels-

regardless-vaccine-2021-08-06. 

4. Subbaraman, N. How do vaccinated people spread 

Delta? What the science says. Nature 2021;596: 327-

8. 

5. Telenti, A., Arvin, A., Corey, L., Corti, D., 

Diamond, M.S., García-Sastre, A., et al. After the 

pandemic: perspectives on the future trajectory of 

COVID-19. Nature 2021;596: 495–504.  

6. Shah, A.S.V., Gribben, C., Bishop, J., Hanlon, P., 

Caldwell, D., Wood, R., et al. Effect of Vaccination on 

Transmission of SARS-CoV-2.N Engl J Med 

2021;385:1718-1720. 

7. Thompson, H.A., Mousa, A., Dighe, A., Fu, H., 

Arnedo-Pena, A., Barrett, P., et al. Severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) 

setting-specific transmission rates: a systematic 

review and meta-analysis. Clin Infect Dis 2021; 

73(3):e754-e764.  

8. Matsuyama, R., Miura, F., Tsuzuki, S., Nishiura, H. 

http://www.ijehs.com/
https://scdhec.gov/covid19/covid-19-data/breakthrough-cases-tracking-disease-infection-after-vaccination
https://scdhec.gov/covid19/covid-19-data/breakthrough-cases-tracking-disease-infection-after-vaccination
https://scdhec.gov/covid19/covid-19-data/breakthrough-cases-tracking-disease-infection-after-vaccination
https://www.reuters.com/world/uk/england-says-delta-infections-produce-similar-virus-levels-regardless-vaccine-2021-08-06
https://www.reuters.com/world/uk/england-says-delta-infections-produce-similar-virus-levels-regardless-vaccine-2021-08-06
https://www.reuters.com/world/uk/england-says-delta-infections-produce-similar-virus-levels-regardless-vaccine-2021-08-06


Turabian, J.L. 
  

 
 
www.ijehs.com  2022, Vol. 3, No. 4: e30         CC BY 4.0  10 

Household transmission of acute gastroenteritis during 

the winter season in Japan. J Int Med Res 2018; 

46(7):2866-74.  

9. Turabian, J.L. A Large Family outbreak of 

Keratoconjunctivitis in General Practice: Specific 

Epidemiological Implications in Family Medicine. J 

Community Med Public Health 2017;2017(3): CMPH 

10.  

10. Coffin, S.E., Rubin, D. Yes, Children Can 

Transmit COVID, but We Need Not Fear. JAMA 

Pediatr 2021; 175(11):1110–2. 

11. Ledford, H. How severe are Omicron infections? 

As cases spread and countries plan their response, 

researchers await crucial data on the severity of the 

disease caused by the coronavirus variant. Nature 

2021;600: 577-8.  

12. Little, P., Read, R.C., Amlôt, R., Chadborn, T., 

Rice, C., Bostock, J., et al. Reducing risks from 

coronavirus transmission in the home—the role of 

viral load. BMJ 2020; 369:m1728.  

13. Beeching, N.J., Fletcher, T.E., Fowler, R. 

Coronavirus disease 2019 (COVID-19). BMJ Best 

Practice 2020. Last updated: March 14, 2022. 

Available from: 

https://bestpractice.bmj.com/topics/en-gb/3000201. 

14. Turabian, J.L. SARS-COV-2 infection prevalence 

and characteristics in domestic contacts: Study of 39 

families and 132 people in a general medicine clinic in 

Toledo (Spain): Implications for the general 

practitioners. Int J Epidemiol Health Sci 2021; 

2(2):e07.  

15. Turabian, J.L. [Notebooks of Family and 

Community Medicine. An introduction to the 

principles of Family Medicine]. Díaz de Santos 

Publication, Madrid, Spain, 1995.  

16. Turabian, J.L. Family secondary cases from 

COVID-19 breakthrough infections in vaccinated 

people. Int Res Med Health Sci. 2022;5(1):1-16. 

17. Ministerio de Sanidad. [COVID-19 early 

detection, surveillance and control strategy]. 

Actualizado a 1 de diciembre de 2021.  

18. Paul, L.A., Daneman, N., Schwartz, K.L., Science, 

M., Brown, K.A., Whelan, M., et al. Association of 

Age and Pediatric Household Transmission of SARS-

CoV-2 Infection. JAMA Pediatr 2021;175(11):1151-

1158.  

19. European Centre for Disease Prevention and 

Control (ECDC). Contact tracing: public health 

management of persons, including healthcare workers, 

who have had contact with COVID-19 cases in the 

European Union –fourth update, 28 October 2021. 

Stockholm: ECDC. 2021. Available from: 

https://www.ecdc.europa.eu/en/covid-19-contact-

tracing-public-health-management.  

20. Mao, S., Huang, T., Yuan, H., Li, M., Huang, X., 

Yang, C., et al. Epidemiological analysis of 67 local 

COVID-19 clusters in Sichuan Province, China. BMC 

Public Health 2020;20: 1525.  

21. National Center for Immunization and Respiratory 

Diseases (NCIRD), Division of Viral Diseases Interim 

Public Health Recommendations for Fully Vaccinated 

People. 2021. Updated Nov. 19, 2021.  

22. Calero, R. [Epidemiological method and 

community health]. Interamericana. McGraw-Hill 

Publication, Madrid, Spain, 1989. 

23. Martínez-Baz, I., Trobajo-Sanmartín, C., 

Miqueleiz, A., Guevara, M., Fernández-Huerta, M., 

Burgui, C., et al. Product-specific COVID-19 vaccine 

effectiveness against secondary infection in close 

contacts, Navarre, Spain, April to August 2021. Euro 

Surveill; 26(39): pii=2100894. 

24. Strauss, A.L. Chronic illness and the quality of life. 

The C.V. Mosby Company Publication, St Louis, 

1984. 

25. WHO. International Statistical Classification of 

Diseases and Health-Related Problems. ICD-10 

Version:2019. Available from: 

https://icd.who.int/browse10/2019/en. 

26. Royal Collage of General Practitioners. The 

Classification and Analysis of General Practice Data. 

Occasional Paper Number 26. 1986. 

27. Donaldson, R.J., Donaldson, L.J. Essential 

Community Medicine. MTP Press, Lancaster. 1983.  

28. Turabian, J.L. Family Genogram in General 

Medicine: A Soft Technology that can be Strong. An 

Update. Res Med Eng Sci 2017;3(1):186-191.  

29. Russell, L.T. Capturing Family Complexity in 

Family Nursing Research and Practice. J Fam Nurs 

2020; 26(4):287-293.  

30. Watts, C., Shrader, E. (1998) How to do (or not to 

do)… The genogram: a new research tool to document 

patterns of decision-making, conflict and vulnerability 

within households. Health Policy Plan 

1998;13(4):459-64.  

31. McIlvain, H., Crabtree, B., Medder, J., Stange, 

K.C., Miller, W.L. Using practice genograms to 

understand and describe practice configurations. Fam 

Med 1998;30(7):490-6.  

32. Consejería de Sanidad-Castilla La Mancha. 

[Vaccination campaign against COVID-19]. 2021. 

Available from: 

https://sanidad.castillalamancha.es/ciudadanos/enfer

medades-infecciosas/coronavirus/preguntas-

frecuentes-sobre-el-coronavirus-covid-

19/campa%C3%B1a-vacunacion.  

http://www.ijehs.com/
https://bestpractice.bmj.com/topics/en-gb/3000201
https://www.ecdc.europa.eu/en/covid-19-contact-tracing-public-health-management
https://www.ecdc.europa.eu/en/covid-19-contact-tracing-public-health-management
https://icd.who.int/browse10/2019/en
https://sanidad.castillalamancha.es/ciudadanos/enfermedades-infecciosas/coronavirus/preguntas-frecuentes-sobre-el-coronavirus-covid-19/campa%C3%B1a-vacunacion
https://sanidad.castillalamancha.es/ciudadanos/enfermedades-infecciosas/coronavirus/preguntas-frecuentes-sobre-el-coronavirus-covid-19/campa%C3%B1a-vacunacion
https://sanidad.castillalamancha.es/ciudadanos/enfermedades-infecciosas/coronavirus/preguntas-frecuentes-sobre-el-coronavirus-covid-19/campa%C3%B1a-vacunacion
https://sanidad.castillalamancha.es/ciudadanos/enfermedades-infecciosas/coronavirus/preguntas-frecuentes-sobre-el-coronavirus-covid-19/campa%C3%B1a-vacunacion


                                                   Vaccination status and infections within COVID-19 families 
  

 
 
www.ijehs.com  2022, Vol. 3, No. 4: e30         CC BY 4.0  11 

 

33. Regev-Yochay, G., Amit, S., Bergwerk, M., 

Leshem, E., Kahn, R., Lustig, Y., et al. Decreased 

infectivity following BNT162b2 vaccination: a 

prospective cohort study in Israel. Lancet Reg Health 

Eur 2021; 7:100150.  

34. Petter, E., Mor, O., Zuckerman, N., Oz-Levi, D., 

Younger, A., Aran, D., et al. Initial real world evidence 

for lower viral load of individuals who have been 

vaccinated by BNT162b2, 2021. MedRxiv; 

2021.02.08.21251329.  

35. McIlraith, T. My Experience of a COVID-19 

Vaccine Breakthrough Infection. Hospitalist 2021. 

Available from: https://www.the-

hospitalist.org/hospitalist/article/246029/coronavirus-

updates/my-experience-covid-19-vaccine-

breakthrough-infection. 

36. Hsu, L., Grüne, B., Buess, M., Joisten, C., 

Klobucnik, J., Nießen, J., et al. COVID-19 

Breakthrough Infections and Transmission Risk: Real-

World Data Analyses from Germany’s Largest Public 

Health Department (Cologne). Vaccines 2021; 

9(11):1267.  

37. Mandavilli, A. Why Vaccinated People Are 

Getting ‘Breakthrough’ Infections. The vaccines are 

effective at preventing serious illness and death, but 

they are not a golden shield against the coronavirus. 

The New York Times; Updated July 23, 2021.  

38. Mallapaty, S. COVID vaccines slash viral spread 

– but Delta is an unknown. Studies show that vaccines 

reduce the spread of SARS-CoV-2 by more than 80%, 

but the Delta variant is creating fresh uncertainty. 

Nature 2021; 596:17-18.  

39. Burioni, R., Topol, E.J. Has SARS-CoV-2 reached 

peak fitness? Nature Med 2021; 27: 1323–4.   

40. Cuppini, L. Coronavirus. Variante Delta. [What 

happens when you get Covid being vaccinated? In 

vaccinated people, the coronavirus stays in the nose 

and for a few days]. El Mundo; Martes, 3 agosto. 2021. 

41. Torjesen, I. Covid-19: One in four vaccinated 

people living in households with a covid-19 case 

become infected, study finds. BMJ 2021; 375: n2638.  

42. Singanayagam, A., Hakki, S., Dunning, J., Madon, 

K.J., Crone, M.A., Koycheva, A., et al. Community 

transmission and viral load kinetics of the SARS-CoV-

2 delta (B.1.617.2) variant in vaccinated and 

unvaccinated individuals in the UK: a prospective, 

longitudinal, cohort study. Lancet Infect Dis 

2022;22(2):183-195.  

43. Parker-Pope, T. Worried About Breakthrough 

Infections? Here’s How to Navigate This Phase of the 

Pandemic. The New York Times; Nov. 11, 2021.  

44. Castro, C. (2021) [The probability of being 

infected at home being both vaccinated is 27%. A 

study carried out by the Public Health Institute of 

Navarra has analyzed the real efficacy of vaccines 

between April and October 2021 and provides data on 

the differences between different drugs, age or sex]. El 

Independiente; Actualizado eL Nov. 18, 2021.  

45. National Center for Immunization and Respiratory 

Diseases (NCIRD), Division of Viral Diseases. The 

Possibility of COVID-19 after Vaccination: 

Breakthrough Infections. Last Updated Dec. 17, 2021.  

46. Turabian, J.L. Sex and Gender Bio-psychosocial 

Differences in Coronavirus Disease 2019 (Covid-19): 

Men have more Biological Problems, but Women 

Suffer more Long-Term Serious Psychosocial 

Consequences and with more Implications for 

Population. J Women's Health Care 2020; 9(3):487.  

47. Galliera, A., Rutström, E.E. Crowded out: 

Heterogeneity in risk attitudes among poor households 

in the US. J Risk Uncertain 2021; 63: 103–32.  

48. Wadman, M. The overlooked superpower of 

mRNA vaccines. Science 2021;373(6554):479.  

49. Dickerman, B.A., Gerlovin, H., Madenci, A.L., 

Kurgansky, K.E., Ferolito, B.R., Figueroa Muñiz, 

M.J., et al.  Comparative Effectiveness of BNT162b2 

and mRNA-1273 Vaccines in U.S. Veterans. N Engl J 

Med 2022;386: 105-115.

 

http://www.ijehs.com/
https://www.the-hospitalist.org/hospitalist/article/246029/coronavirus-updates/my-experience-covid-19-vaccine-breakthrough-infection
https://www.the-hospitalist.org/hospitalist/article/246029/coronavirus-updates/my-experience-covid-19-vaccine-breakthrough-infection
https://www.the-hospitalist.org/hospitalist/article/246029/coronavirus-updates/my-experience-covid-19-vaccine-breakthrough-infection
https://www.the-hospitalist.org/hospitalist/article/246029/coronavirus-updates/my-experience-covid-19-vaccine-breakthrough-infection

