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Abstract
Purpose  Vaccination is the key element for protection against COVID-19. Increased vaccination breakthroughs raise the 
question of whether additional prevention is necessary in case of individual risk factors for a severe course with hospitaliza-
tion or death despite vaccination.
Methods  Since July 13, 2021, there is an extended reporting requirement by German law. We analyzed our hospitalized 
patients with vaccine breakthrough infection during the first 8 weeks.
Results  Nine of 67 patients (13.4%) hospitalized for COVID-19 (median age 75 years) were fully vaccinated. Five of these 
patients received intensive care; two patients died. All had received two doses of BNT162b2 vaccines (Pfizer-BioNTech). 
There was a median of 99 days between complete immunization and symptom onset. All patients suffered from ≥ three 
comorbidities. Six patients (66.7%) showed a negative Anti-SARS-CoV-2-N titer at the time of vaccine breakthrough, five 
of these also had Anti-SARS-CoV-2-S titers < 100 U/ml. All determinable cases were Delta variant B.1.617.2.
Conclusion  Advanced age, underlying cardiorespiratory disease, and the Delta variant of SARS-CoV-2 were associated with 
hospitalization of our patients, suffering from vaccine breakthrough infection. Avoidance of face masks, lack of immuniza-
tion of close contacts, and travel to high-risk areas have been observed as modifiable behavioural circumstances. Consistent 
personal protective measures, vaccination of close caregivers, and increased awareness might be effective measures in addi-
tion to COVID-19 booster vaccination for patients at a high risk to suffer a severe course of infection.
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Introduction

Vaccination has been the effective key element to protect 
the population against COVID-19 since December 27, 
2020 [1–3]. In Germany, the mRNA vaccine BNT162b2 
(Pfizer-BioNTech) was applied quite predominantly, for 
which a protective effect for 95% of the vaccinated against 
the wild type of SARS-CoV-2 was described [4]. As early 
as April 2021, Hacisuleyman et al. reported two vaccine 
breakthroughs by different SARS-CoV-2 variants after 
complete vaccination with an mRNA vaccine [5].

On July 11, 2021, the German Federal Ministry of 
Health issued the ordinance on the extended reporting 
obligation according to Sect. 6 of the Infection Protection 
Act (IfSG) for hospitalized COVID-19 patients with vac-
cination breakthrough [6]. Thus, a nationwide registration 
of cases wih vaccination breakthrough started. Since July 
13, 2021, an extended reporting dataset has been sent to 
the health authorities by the hospitals.

The dominance of the Delta variant and the renewed 
increase in the number of cases since September 2021, 
despite a rate of 66.7% (as of 10-30-2021) of fully vacci-
nated adults [7], raise the question as to which individuals 
are at risk for severe COVID-19 disease despite vaccina-
tion. The aim of this work is to use a collective of fully 
vaccinated hospitalized COVID-19 patients to describe 
potential predisposing factors for severe COVID-19 
courses after vaccine breakthrough and to identify modi-
fiable risk factors that promote vaccine breakthrough. This 
will provide a basis for recommending flanking preventive 
measures in addition to vaccination of individuals at risk.

Methods

At the University Hospital Mannheim, the demographic 
data of all hospitalized COVID-19 patients are recorded 
daily in the Department of Hygiene. In calendar week 
(CW) 28–36, the subgroup of all hospitalized patients 
with a vaccination breakthrough was analyzed prospec-
tively (07-13-2021 to 09-06-2021). In accordance with the 
definition of the Public Health Institute for Germany [Rob-
ert Koch Institute (RKI)], a vaccination breakthrough was 
defined as SARS-CoV-2 infection confirmed by PCR with 
clinical symptoms of COVID-19 disease that occurred in 
fully vaccinated persons, i.e. at least 14 days after comple-
tion of a vaccination series [8].

Data collection included sex, age, body mass index 
(BMI), number and specificity of pre-existing comorbidi-
ties, vaccination status and vaccine used. Furthermore, the 
PCR results with the associated cycle threshold (Ct) values 

(cobas® SARS-CoV-2, Roche Diagnostics GmbH, Ger-
many; Cepheid Gene Xpert® Xpress SARS-CoV-2, Cep-
heid, Germany) at the time of vaccination breakthrough 
and the result of the SARS-CoV-2 mutation diagnostics 
were extracted from the findings of the infection diag-
nostics performed as standard. In addition, anti-SARS-
CoV-2 N and anti-SARS-CoV-2 S levels (Cobas e601 ana-
lyzer, Roche, Germany) were analyzed in all patients at 
the time of hospital admission. The information recorded 
during the interview of the patient and/or a first-degree 
relative included the use of medical masks in daily life, 
immunization of close contacts, travel history before vac-
cination breakthrough and the temporal latency between 
onset of COVID-19-specific symptoms and consultation 
of a physician (Table 1).

The study was approved by the Research Ethics Commit-
tee of the Medical Faculty Mannheim, Heidelberg Univer-
sity, Germany (No. 2021-850).

The aforementioned patient data were extracted from the 
hospital information system (SAP, Walldorf, Germany) and 
processed strictly pseudonymised for the analysis.

Results

During the observation period, a total of nine (seven men, 
two women) out of 67 (13.4%) patients hospitalized for 
COVID-19 showed vaccine breakthrough. The median age 
of those affected was 75 years (range 44–90 years) (Table 1). 
All had three or more comorbidities: seven had heart fail-
ure and/or arrhythmias treated with medication (77.8%), six 
had hypertension (66.7%), and four had diabetes mellitus 
(44.4%). Only two of the nine patients had a BMI > 30 kg/
m2. Two patients with kidney transplantation and two with 
prostate malignancy (44.4%) had impaired immune com-
petence. In three further patients (30%) a compromised 
immune status can be assumed due to severe chronic renal 
insufficiency (one of these patients was on dialysis).

All hospitalized patients affected by a vaccine break-
through were vaccinated with the mRNA vaccine BNT162b2 
(Pfizer-BioNTech). The median interval between the first 
and second vaccination was 21 days (range 21–29 days). The 
median interval between complete immunization [8] and the 
onset of the first COVID-19 symptoms was 99 days (range 
38–211).

The first symptoms occurred at a median of four days 
(range 1–11 days) before admission to hospital; none of 
the aforementioned cases had been to a physician prior to 
hospital admission in view of their symptoms. The leading 
symptoms at the time of hospital admission were dyspnoea 
(77.8%), fever (66.7%) and cough (44.4%).

The Ct values of the PCR on nasopharyngeal swabs 
were ≤ 20 in seven of nine patients on admission to hospital.
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In all patients, the anti-SARS-CoV-2-S and anti-SARS-
CoV-2-N titers against the viral spike protein and the viral 
nucleocapsid protein, respectively, were determined in the 
first 72 h of hospitalization. In six cases (66.6%), the anti-
SARS-CoV-2-N titer was negative, results suggest no signs 
of former infection or effect on vaccination; in five cases, the 
anti-SARS-CoV-2-S titer was below 100 U/ml. The absence 
of titers of both antibodies was observed in two patients 
under drug immunosuppression after kidney transplantation 
(nos. 3,4) as well as one patient with metastasised malignant 
primary disease (no. 9); the two other patients with nega-
tive antibody titers (nos. 6,7) had no obvious indication of 
a restriction of their immunocompetence. In contrast, three 
patients had positive anti-SARS-CoV-2-N and anti-SARS-
CoV-2-S titers ≥ 250 U/ml. Interestingly, this was also true 
for the only patient requiring chronic dialysis (no. 2) and 
one patient with non-metastatic prostate carcinoma (no. 5).

Variant detection using sequencing was technically feasi-
ble in eight cases and consistently showed the Delta variant 
(B.1.617.2).

Intensive care was required for five of the nine patients 
(all male). All had severe heart failure as predisposing fac-
tors; this was combined with chronic renal failure (nos. 1, 
2, 9), condition after organ transplantation (no. 3) or malig-
nancy (nos. 5, 9). Two of these patients (nos. 1, 9) required 
invasive ventilation due to COVID-19-related hypoxia; both 
died as a consequence of cardiorespiratory failure despite 
previous vaccination.

The median duration of inpatient treatment until dis-
charge or death was 19 days (range 5–38 days).

The extended medical history showed that after vac-
cination, the majority of patients (66.7%) refrained from 
using medical masks for contacts outside their own house-
hold. Three patients (33.3%) had admitted to have travelled 
to a high-risk area according to RKI [9] within the last 
three weeks. Four (44.4%) reported that one or more imme-
diate contacts in their domestic environment had not been 
vaccinated at all.

Discussion

As of September 8, 2021, 61.6% of the adult population 
had been fully vaccinated according to the RKI [8]. The 
protective effect of complete vaccination against death 
from COVID-19 disease was stated by the RKI at this 
time to be 100% for adults < 60 years of age and 91% for 
adults ≥ 60 years of age; the protective effect against hospi-
talization due to COVID-19 was estimated to be 96% and 
94%, respectively, for the two age groups [8].

During the stated observation period (CW 28–36), nine of 
67 COVID-19 cases (13.4%) requiring hospitalization had a 
vaccine breakthrough. Based on a vaccination rate of 61.6% Ta
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in the adult population at this time [8], the proportion of 
vaccine breakthroughs among hospitalized COVID-19 cases 
was higher than expected in our cohort, given the vaccine 
effectiveness against hospitalization estimated by the RKI at 
this time [8]. However, it is largely consistent with calcula-
tions from later German reporting data in CW 33–38 [10]. 
It therefore makes sense to consider the individual risks of 
patients for a vaccination breakthrough as well as for the 
severity of the course of the disease.

At that point of time in our collective, as in Farinholt 
et al. [11], severe vaccine breakthroughs were caused by the 
Delta variant. This finding may be consistent with a lower 
vaccination effectiveness against the Delta variant of SARS-
CoV-2, which is particularly pronounced in the group of 
older patients, as American surveillance data show [12]. In 
the COVID-19 cases registered by the RKI, the dominance 
of the Delta variant is also reflected in an increasing pro-
portion of vaccine breakthroughs in the 37–40th calendar 
week [13]. Whether the predominance of Delta per se or 
the decreasing effectiveness of the vaccination over time 
were responsible for the increasing number of breakthrough 
infections observed at that time cannot be derived from our 
limited database.

Both in an Israeli study by Bross-Nissimov et al. [14] and 
in the group of patients with a severe course of COVID-19 
analyzed by us, all those affected had received vaccination 
with Pfizer-BNT162b2 (Comirnaty®), as had the patient col-
lective from Qatar described by Butt et al. [15, 16]. Of the 
80,181 vaccine breakthroughs registered with the RKI by 
October 14, 2021, 66.16% were observed after vaccination 
with Comirnaty® [13]. These findings may not only be due 
to the high proportion of vaccinations with BNT162b2 per 
se, the comparative data of Andrews et al. [17] suggest.

The mortality rate of hospitalized patients with vaccine 
breakthrough was the same in our own as well as the Israeli 
patient group at 22% [14]. The rate was also similar to a 
group of 2741 unvaccinated hospitalized US patients as early 
as 2020, in which PCR-confirmed COVID-19 disease led to 
death or hospice discharge in 24.3% of cases [18]. A com-
parison with the data from Qatar is not possible due to a 
purely PCR-based definition of vaccine breakthrough [15, 
16].

As in our own collective, the Israeli work predomi-
nantly involved male patients with a median age > 70 years 
[14]. Hypertension, diabetes mellitus and heart failure 
were the three leading predisposing factors for hospitaliza-
tion for COVID-19 after vaccine breakthrough in both col-
lectives; the proportion of immunocompromised patients 
was also largely concordant at 40% and 44%, respectively. 
A BMI > 30 kg/m2 was less relevant, with rates of 30% and 
22.2%, respectively, contrary to the literature [19]. The 
time between complete immunisation and the first symp-
toms of vaccine breakthrough was significantly longer in 

our own collective, with a median of 99 days than in the 
Israeli study (39.5 days) [14]. However, in both cases the 
period of six months after complete vaccination recom-
mended for booster vaccination by the German Standing 
Committee on Vaccination (STIKO) at the RKI had not 
yet been reached [20].

The need for intensive therapy also corresponds in both 
collectives with 53% and 55.5% respectively. This means 
that the proportion of patients requiring intensive care is 
even significantly higher than in the study by Petrilli et al. 
[18], who observed a critical illness in 36.1% of hospitalized 
COVID-19 patients without prior vaccination. Very similar 
to what was described in the case series by Kim et al. [21] 
and Wolff et al. [22], one explanation for this may lie in 
the high number of comorbidities and the time latency until 
medical treatment of COVID-19 sufferers with vaccination 
breakthrough.

Brosh-Nissimov et al. [14] analyzed the (Ig)-G anti-spike 
(S) titer (Diasorin/ Abbott) for 69 of the 152 hospitalized 
patients with vaccine breakthrough. Patients with a severe 
course (intensive therapy or death) tended to show a lower 
titer, but without statistical significance. In our own col-
lective, the anti-SARS-CoV-2-S titer (Cobas e601, Roche) 
was also low at the beginning of treatment due to COVID-
19 in five of nine patients. In four of these five patients, 
immunodeficiency could be assumed based on the medical 
history of the individual. Due to vaccination failure Malin 
et al. [23] reported on patients with humoral immunodefi-
ciency (e.g. B-cell related malignancies) and the inability 
to mount sufficient amounts of SARS-CoV-2 neutralizing 
antibodies. Passive immunization with SARS-CoV-2 neu-
tralizing monoclonal antibodies may be a rational treatment 
approach for these patients. According to the STIKO [10], a 
booster vaccination has been recommended after a period of 
six months. However, in eight out of nine cases—similar to 
the Israeli patient collective [14] and the case series by Kim 
et al. [21]—the vaccination breakthrough already occurred 
before six months had elapsed. In line with this, Longlune 
et al. [24] advocate a significantly earlier booster vaccination 
after two vaccinations with Pfizer-BioNTech.

Our observations regarding the behaviour of patients 
before vaccination breakthrough reflect that a misconceived 
sense of security may have contributed to an increased risk 
of infection after complete vaccination. Limited use of 
personal protective equipment, especially refraining from 
wearing medical mouth-nose protection in public spaces, 
the lack of immunization of close contacts as well as travel-
ling to high-risk areas indicate that the patients no longer 
assumed a relevant COVID-19 risk after vaccination despite 
their severely impaired health status. This is further empha-
sized by the fact that patients did not seek medical treat-
ment until several days after the onset of COVID-19-specific 
symptoms.
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This study is limited by the small number of patients at 
a single hospital, the retrospective analysis and the lack of 
a comparison group. However, the detailed analysis of the 
medical history and disease progression of patients with 
vaccine breakthrough allows conclusions to be drawn about 
the need for supplementary protective measures particu-
larly for vulnerable collectives. The evaluation of behav-
iour prior to vaccination breakthrough shows that multi-
morbid and immunosuppressed patients, especially those 
aged > 70 years, should be sensitised to the continuing 
value of personal protective measures already at the time 
of vaccination.

Conclusion

In accordance the current literature we could identify impor-
tant risk circumstances (e.g. advanced age, underlying 
cardiorespiratory disease, and the Delta variant of SARS-
CoV-2) in our hospitalized patients, suffering from vaccine 
breakthrough infection. Additionally, avoidance of face 
masks, lack of immunization of close contacts, and travel 
to high-risk areas were observed as modifiable risk factors 
for COVID-19-infection despite vaccination. Thus, we may 
speculate, that consistent personal protective measures, vac-
cination of close caregivers, and increased awareness con-
tinue to appear reasonable for patients at a high risk for a 
severe course of COVID-19-infection.

Our data underline the recommendation of the RKI 
for booster vaccination against COVID-19 in view of the 
increasing number of severe vaccine breakthrough infec-
tions. Despite vaccination, it may be recommendable to 
encourage vulnerable individuals to take additional pre-
cautionary measures including behavioural adjustments to 
reduce the risk of contracting the virus and perhaps suffering 
a severe breakthrough infection.
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