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A B S T R A C T   

Objectives: COVID-19 vaccinations are highly efficacious in preventing severe illness that can lead to hospitalizations and death, but incidents of vaccine breakthrough 
(VBT) infections persist. We examined VBT infections within a congregate setting to help guide public health practices. 
Study design: This is a retrospective cohort study of VBT infections identified via polymerase chain reaction (PCR) testing between 2/1/2021-11/1/2021. 
Methods: A VBT infection was defined as the detection of SARS-CoV-2 collected from a person ≥14 days after all recommended doses of a COVID-19 vaccine. VBT 
infections were examined in five California psychiatric inpatient hospitals with a workforce of more than 10,000 hospital staff and approximately 5500 patients. 
Results: 415 VBT infections out of 14,101 fully vaccinated individuals within our system (2.9%) were identified. Days since final vaccine date ranged from 16 to 291 
days. Kruskal-Wallis nonparametric test revealed a statistically significant difference in age between individuals with VBT infections versus all other vaccinated 
individuals [U = 6.47, p = .01]. A chi-square test of independence revealed no significant sex differences between individuals with VBT infections (58.8% male and 
41.2% female) versus all other vaccinated individuals (59.6% male and 40.4% female; X2 (3, N = 14101) = 5.059, p = .167). Out of 415 VBT cases, 65.1% received 
the Moderna vaccine, 33.2% received Pfizer, and 1.7% received J&J; and 38.1% were asymptomatic at time of VBT infection, 24.1% were symptomatic, while 37.8% 
were missing symptom data. 
Conclusions: Vaccination campaigns, including boosters and continued surveillance, are important complimentary strategies for reducing the proliferation of COVID- 
19 VBT cases and severity of symptoms associated with COVID-19.   

1. Background 

The ubiquitous impact of the global pandemic is complex and 
evolving, but in many ways is only beginning to be fully realized. In the 
United States alone, the novel coronavirus disease (COVID-19) caused 
by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
has infected nearly 84 million people and has caused over 1,000,000 
deaths [1]. In California alone, more than 8 million people have been 
infected and over 90,000 have lost their lives to COVID-19 [2]. New 
vaccine platform technology utilizing messenger RNA (mRNA) has 
greatly decreased the severity and transmissibility of SARS-CoV-2 [3]. 
Specifically, the Moderna mRNA-1273 and Pfizer/BioNtech BNT162b2 
vaccines have reported very high efficacy (94.1% and 95%, respec
tively), including protecting against severe symptoms associated with 
COVID-19 (100% and 89%, respectively). Other vaccines using viral 
vector-based vaccines (e.g., Astra Zeneca, Johnson & Johnson, etc.) 
have also shown to have high efficacy against COVID-19 [4]. While 
vaccination campaigns have attenuated the transmission and symptom 

severity caused by SARS-CoV-2, there is lingering concern with waning 
efficacy of these vaccines against emerging virus variants. Mutations 
observed in the B.1.617.2 Delta variant, for example, is generating 
considerable concern as its high transmissibility is causing new out
breaks throughout the globe [5]. 

Vaccine breakthrough infections are defined as “the detection of 
SARS-CoV-2 RNA in a person ≥14 days after they have completed all 
recommended doses of a COVID-19 vaccine” [6]. Between January and 
April 30, 2021, a total of 10,262 SARS-CoV-2 vaccine breakthrough 
infections had been reported from 46 U.S. States and territories [7]. As 
of May 1, 2021, the CDC transitioned to only monitoring vaccine 
breakthrough cases that resulted in hospitalization or death. According 
to the CDC, these were some of the observed findings: 63% vaccine 
breakthrough infections occurred in females, the median age was 58 
years (ranging from 40 to 74 years), 27% were asymptomatic, 10% were 
hospitalized and 2% of those patients died. Of the patients that were 
hospitalized, 29% were asymptomatic or hospitalized for a reason un
related to COVID-19. Of those patients who died, the median age was 82 
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years (interquartile range = 71–89 years) with 18% of the decedents 
were asymptomatic or died from a cause unrelated to COVID-19. Thus, 
understanding the level of infectiousness of VBT infections remains a 
critical issue. Vasireddy and colleagues (2021) suggested that emerging 
variants resulted in increased transmissibility, morbidity and mortality, 
and exhibited decreased susceptibility to treatment [4]. Hacisuleyman 
and colleagues (2021) found that two individuals with VBT infections 
were symptomatic, while others report asymptomatic VBT infection [8]. 
It remains imperative to track vaccine breakthrough infections and 
identify common characteristics of these cases in order to reduce risk of 
transmission. 

The California Department of State Hospitals (DSH) operates five 
inpatient psychiatric hospitals with a workforce of more than 10,000 
hospital staff that includes healthcare and support services (e.g., 
custodial, correctional, and physical plant services) and houses 
approximately 5500 forensic psychiatric patients with severe mental 
illness. With 82% of hospital staff and 80% of patients vaccinated to 
date, this congregate setting which includes large dorm-style units with 
shared bathrooms and living spaces, allowed for examination of vaccine 
breakthroughs within a high-risk setting. The introduction of infection 
by hospital staff and widespread transmission throughout our system 
necessitated a clear need to better understand of the nature and severity 
of these VBT infections to help guide public health practices. 

2. Methods 

This study was approved by the California Health and Human Ser
vices Agency Committee for the Protection of Human Subjects (project 
number 2021-048). 

DSH began vaccinating hospital staff December 21st, 2020 and pa
tients in January 2021 in the Phase 1A of the national COVID-19 
vaccination plan. All COVID-19 VBT infections identified between 2/ 
1/2021-11/1/2021 via polymerase chain reaction (PCR) tests were 
analyzed. All samples were processed by the California Department of 
Public Health – Valencia Branch Laboratory. 

3. Results 

A total of 14,101 individuals received 2 doses of either the Moderna 
or Pfizer vaccine or 1 dose of the Johnson & Johnson vaccine and were 
considered fully vaccinated as of 10/15/2021. A total of 415 vaccine 
breakthrough infections were identified (2.9% of fully vaccinated in
dividuals). Days post-vaccination ranged from 16 to 291 days (Fig. 1). 
Kruskal-Wallis nonparametric test revealed that there was a statistically 
significant difference in age between individuals with VBT infections 

[Median = 48.83 years] versus non-breakthrough vaccinated individuals 
[Median = 47.38 years; U = 6.47, p = .01]. A chi-square test of inde
pendence revealed that there were no significant sex differences be
tween individuals with VBT infections (58.8% male and 41.2% female) 
versus non-breakthrough vaccinated individuals (59.6% male and 
40.4% female; X2 (3, N = 14101) = 5.059, p = .167). Out of 415 VBT 
cases, 65.1% received the Moderna vaccine, 33.2% received Pfizer, and 
1.7% received Jansen J&J vaccine; and 38.1% were asymptomatic at 
time of VBT infection, 24.1% were symptomatic, while 37.8% were 
missing symptom data. One hospitalization occurred and one death 
occurred among VBT cases. 

4. Conclusions 

These findings hold important implications for similar institutions. 
First and foremost, increasing the number of vaccinations for both 
hospital staff and patients remains a critical goal in managing COVID-19 
within large systems. As we have observed throughout the pandemic, 
congregate settings such as ours hold increased risk for greater spread of 
infections given the close contact of our patients and hospital staff. 
However, very few of the VBT infections in our institution resulted in 
hospitalization or death which is in line with other studies that have 
found that most breakthrough cases were mild or asymptomatic [9]. 
Notwithstanding, several important findings will be further discussed, 
especially with increasing concern about waning immunity as time from 
vaccination completion lengthens and more serious outbreaks may 
occur. 

As the proliferation of COVID-19 variant strains arise and cause 
concern, we would predict that the number of VBT infections will in
crease similar to what is being observed throughout the United States 
and internationally [1]. Our results further suggest that older in
dividuals remain at highest risk for breakthrough infections. It is 
important to note that our rigorous testing protocols (e.g., daily antigen 
testing and serial PCR testing for staff, response PCR testing for patients) 
likely allowed us to identify VBT infections that would have otherwise 
gone undetected within our hospitals if COVID-19 symptom presenta
tion was the primary screening tool [10]. While our testing strategies 
may have increased the likelihood of our detecting VBT infections, it has 
likely also contributed to our ability to prevent transmission by 
asymptomatic individuals. Frequent testing of hospital staff and booster 
vaccinations can serve as a multi-pronged frontline defense to protect 
vulnerable populations, particularly older adults, in congregate settings 
and help reduce transmission of COVID-19. 

The study has several limitations. Although the number of VBT in
fections is larger than most of what is currently being reported in the 

Fig. 1. Days post-final dose vaccination ranged from 16 to 291 days.  
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literature, the sample size is relatively small. Given that our data is 
preliminary, it may behoove other large congregate health care systems 
to continue COVID-19 screenings of all hospital staff regardless of 
vaccination status until a greater proportion of the population is vacci
nated and infection rates decrease. Infection control measures such as 
the combination of rigorous testing protocols, unit quarantining, 
masking, social distancing, and vaccination may have contributed to the 
reduction in outbreaks within our congregate setting. 

Vaccination campaigns, including the push to get boosters, and 
continued surveillance are important complimentary strategies for 
reducing both the proliferation of COVID-19 cases, as well as a reduction 
in severity of symptoms associated with COVID-19. These strategies are 
contributing to keeping COVID-19 outbreaks down and the severity of 
cases incredibly low in our system. The COVID-19 pandemic has proven 
to be a complex problem requiring a more nuanced and multidimen
sional response. We believe booster vaccinations are part of a compli
mentary, multi-dimensional response to an ever-changing virus. 
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