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Abstract: Background: Immune protection following either vaccination or infection with SARS-CoV-2
decreases over time. Objective: We aim to describe clinical and sociodemographic characteristics
associated with COVID-19 infection at least 14 days after booster vaccination in the Israeli population.
Methods: We conducted a population-based study among adult members of Leumit Health Services
(LHS) in Israel. Nasopharyngeal swabs were examined for SARS-CoV-2 by real-time RT-PCR. The
hematological and biochemical parameters in the peripheral blood before booster vaccination were
evaluated. Results: Between 1 February 2021 and 30 November 2021, 136,683 individuals in LHS
were vaccinated with a booster (third dose) of the BNT162b2 vaccine. Of these, 1171 (0.9%) were
diagnosed with COVID-19 by testing positive for SARS-CoV-2 RT-PCR at least >14 days after the
booster vaccination. The COVID-19-positive group was characterized by higher rates of chronic
kidney disease than the matched COVID-19-negative group (43 (3.7%) vs. 3646 (2.7%); p = 0.039).
Anemia, lower peripheral blood lymphocytes, monocytes, basophils, C3 Complement, cholesterol,
and prothrombin time were also associated with COVID-19 after booster vaccination. Conclusion:
People with chronic kidney disease and anemia should be included in possible future annual SARS-
CoV-2 vaccination recommendations.

Keywords: BNT162b2; mRNA; vaccine; SARS-CoV-2; infection; convalescents

1. Introduction

Vaccination against SARS-CoV-2 is an important approach to halting the progression
of the COVID-19 pandemic. Israel was among the first countries to initiate a large-scale
vaccination campaign, on December 20th 2020, and quickly immunized a high proportion
of the adult population, thereby achieving early control over the spread of SARS-CoV-2 [1].
More than five million Israelis (out of 9.3 million) have been fully vaccinated with two
doses of the Pfizer-BioNTech vaccine as of 26 May 2021 [2]. National surveillance data
from the first four months of Israel’s vaccination campaign revealed that two doses of
BNT162b2 (the Pfizer–BioNTech COVID-19 vaccine (tozinameran) reduced both symp-
tomatic and asymptomatic infections, COVID-19-related hospitalizations, severe infection,
and mortality [3]. However, our previous large population study, tested for SARS-CoV-2
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by RT-PCR after two doses of mRNA BNT162b2 vaccine, has shown a gradual increase in
the risk of infection from the time since receiving their second vaccine dose [4]. To clarify
this observation, we determined the kinetics of SARS-CoV-2 IgG antibodies following the
administration of two doses of BNT162b2 vaccine or with respect to SARS-CoV-2 infection
in unvaccinated individuals and found that initial levels of antibodies were much higher in
vaccinated patients but decreased faster [5].

The resurgence of COVID-19, caused primarily by the delta variant (B.1.617.2) of
SARS-CoV-2, has prompted Israeli authorities to administer a third dose of the mRNA
vaccine COVID-19 as a booster dose to counteract possible waning of immunity over time.
As a result, the rates of confirmed COVID-19 and severe COVID-19-related outcomes have
been significantly reduced in those who received a booster dose of BNT162b2 vaccine [6,7].
However, in recent months, we have been observing new cases of COVID-19 in individuals
who have received three doses of the BNT162b2 vaccine. Therefore, identification of
individuals who are at an increased risk of infection after their booster vaccination is
becoming increasingly important. A previous study of fully vaccinated, predominantly
male US veterans (median age 73 years (Interquartile range [IQR] 68–78)) showed that
old age and anemia were positively associated with post-vaccination COVID-19 and that
blacks were at lower risk than whites [8]. Consequently, this study is not representative of
the clinical and sociodemographic risk factors for post-vaccination COVID-19 in the global
general population [8].

Therefore, we aimed to describe clinical and sociodemographic characteristics asso-
ciated with COVID-19 infection at least 14 days after booster vaccination in the Israeli
population.

2. Materials and Methods

We conducted a population-based study among adult members of Leumit Health
Services (LHS), a large, nation-wide Health Maintenance Organization (HMO) in Israel,
which provides services to over 700,000 members. LHS has a comprehensive computerized
database that is continuously updated regarding subjects’ demographics, medical diag-
noses, medical encounters, hospitalizations and laboratory tests. Ethnicity was defined
according to the home address of the HMO member and categorized into three groups:
General population, Ultra-Orthodox Jews and Arabs. The latter two groups are of interest
because a large-scale epidemiology study showed that they had significantly higher rates
of infection than the rest of the Israeli population [9].

All LHS members have similar health insurance coverage and similar access to health-
care services. The validity of chronic diagnoses in the registry has been previously examined
and confirmed as high [10,11].

Baseline data from individuals included in the cohort were extracted as of 15 Novem-
ber 2021, including age. All the clinical diagnoses were based on ICD-9 codes. During
each physician visit, a diagnosis was entered or updated according to the International
Classification of Diseases, 9th revision (ICD-9). We tested for the main medical conditions
expected to affect the severity of COVID-19 infection in the adult population: diabetes
mellitus, hypertension, asthma, chronic obstructive pulmonary disease, ischemic heart
disease, presence of malignancy and chronic kidney disease.

2.1. SARS-CoV-2 Testing by Real-Time RT-PCR

Nasopharyngeal swabs were taken and examined for SARS-CoV-2 by real-time RT-
PCR performed with internal positive and negative controls, according to World Health
Organization guidelines. The Allplex 2019-nCoV assay (Seegene, Seoul, Korea) was used
until 10 March 2020, after which time the COBAS SARS-Cov-2 6800/8800 assay (Roche
Pharmaceuticals, Basel, Switzerland) was employed.
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The study protocol was approved by the statutory research committee in LHS and the
Shamir Medical Center Institutional Review Board on human research.

2.2. Assessment of Laboratory Parameters

In the study, the last blood analyses before booster vaccination were evaluated. All
blood samples were collected <120 days before booster vaccination between 8 and 10 a.m.
after a fasting night. Hematological and biochemical analyses of peripheral blood were
performed at the LHS central laboratory.

2.3. Statistical Analyses

Standard descriptive statistics were used to present the demographic and clinical
characteristics of patients included in this study. Differences in demographic, clinical and
laboratory characteristics between groups were analyzed using independent sample t-tests
for approximately normally-distributed continuous variables (described in tables by their
mean and standard deviation) and Mann–Whitney U tests for other variables (described by
their median and IQR). For categorical variables, proportions were tested using Fischer′s
exact tests for binary variables and Chi Square tests for the age. Categorical data are
shown in counts and percentages. Data on continuous variables are presented as mean and
standard deviation; non-normal variables are displayed as median and interquartile range.
All statistical analyses were conducted using R software version 4.0.2 (R Foundation).

2.4. Cohort Matching

Individuals with positive PCR results were matched to control individuals with nega-
tive PCR using a ratio of 1:5. Exact matching was required for sex, age category (marked by
five years intervals), and demographic group (Jewish, Arab, and Jewish Ultra-Orthodox).
Cases for which the required number of controls could not be found were not included in
the matched cohort.

3. Results

Between 1 February 2021 and 30 November 2021, 136,683 individuals in LHS were
vaccinated with the booster (third dose) of BNT162b2 vaccine. Of these, 1171 (0.9%) were
diagnosed with COVID-19 by testing positive for SARS-CoV-2 RT-PCR at least >14 days
after the booster vaccination. These individuals were infected with SARS-CoV-2 a mean
of 81.08 days (SD 43.04) after their third vaccination and a mean of 304.79 days (SD 46.58)
after their first vaccination (Table 1).

Table 1. Demographic and clinical characteristics of 136,683 subjects with Pfizer-BioNTech mRNA
booster vaccination.

Number (%)
COVID-19 Positive COVID-19 Negative

p
1171 (0.86%) 135,512 (99%)

Days since first vaccination;
mean (SD) 304.8 (46.6) 294.71 (39.5) <0.001

Days since second vaccination;
mean (SD) 283.4 (46.6) 273.3 (39.7) <0.001

Days since third vaccination;
mean (SD) 81.1 (43.0) 69.1 (36.4) <0.001

Gender, (female); n (%) 640 (55%) 70,406 (52%) 0.065

Age, Years; mean (SD) 48.2 (17.6) 49.5 (17.5) 0.011

19–29 Years; n (%) 145 (12%) 18,004 (13%)

<0.00130–39 Years; n (%) 226 (19%) 19,594 (14%)

40–49 Years; n (%) 207 (18%) 24,584 (18%)
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Table 1. Cont.

Number (%)
COVID-19 Positive COVID-19 Negative

p
1171 (0.86%) 135,512 (99%)

50–59 Years; n (%) 191 (16%) 26,297 (19%)

60–69 Years; n (%) 214 (18%) 26,046 (19%)

70–79 Years; n (%) 107 (9.1%) 12,650 (9.3%)

80–89 Years; n (%) 29 (2.5%) 4490 (3.3%)

≥90 Years; n (%) 7 (0.6%) 686 (0.5%)

Jewish, n (%) 891 (76%) 109,548 (80%) <0.001

Arab n (%) 119 (10%) 16,495 (12%) 0.036

Jewish Ultra-orthodox, n (%) 161 (14%) 10,645 (8%) <0.001

Body mass index, (kg/m2)
mean (SD)

26.7 (5.1) 27.1 (5.3) 0.010

Smoker, n (%) 147 (14%) 27,738 (22%) <0.001

Comorbidity

Diabetes mellitus, n (%) 184 (16%) 21,228 (16%) 0.964

Hypertension, n (%) 311 (27%) 38,669 (28%) 0.136

Asthma, n (%) 112 (9.6%) 12,785 (9.4%) 0.879

COPD, n (%) 56 (4.8%) 7992 (5.8%) 0.106

Ischemic heart disease, n (%) 86 (7.3%) 10,052 (7.4%) 0.496

Active malignancy, n (%) 79 (6.7%) 10,871 (8.0%) 0.109

Chronic kidney disease, n (%) 43 (3.7%) 3646 (2.7%) 0.039

3.1. Demographic and Clinical Characteristics of Whole Vaccinated Population

The proportions of males and females in the COVID-19-positive and COVID-19-
negative groups were equal.

1. The COVID-19-positive group was slightly younger (48.24 ± 17.63 years) than the
COVID-19-negative group (49.54 ± 17.46 years; p = 0.011) and had significantly fewer
smokers (77 (15.1%) vs. 20,201 (22.0%); p < 0.001) (Table 1).

2. There was no significant difference in the prevalence of several chronic comorbidi-
ties between the COVID-19-positive and COVID-19-negative groups, including
arterial hypertension (311 (26.6%) vs. 38,669 (28.3%); p = 0.136), diabetes (184 (15.7%)
vs. 21,228 (15.5%); p = 0.964), asthma (112 (9.6%) vs. 12,785 (9.4%); p = 0.879), COPD
(56 (4.8%) vs. 7992 (5.8%); p = 0.106), ischemic heart disease (86 (7.3%) vs. 10,052
(7.4%); p = 0.496) and active malignancy (79 (6.7%) vs. 10,871 (8.0%); p = 0.109).
The COVID-19-positive group was characterized by more cases of chronic kidney
disease than the COVID-19-negative group (43 (3.7%) vs. 151 (2.6%); p = 0.037)
(Table 2).

Table 2. Demographic and clinical characteristics of the study population after matching.

COVID-19
Positive

COVID-19
Negative p

N 1171 5855
Days since first vaccination;

mean (SD) 304.8 (46.6) 303.7 (45.7) 0.439

Days since second vaccination;
mean (SD) 283.4 (46.6) 282.3 (45.8) 0.426
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Table 2. Cont.

COVID-19
Positive

COVID-19
Negative p

Days since third vaccination;
mean (SD) 81.1 (43.0) 77.6 (42.5) 0.010

Gender (female), n (%) 640 (55%) 3200 (55%) 0.999
Age, Years; mean (SD) 48.2 (17.6) 48.2 (17.5) 0.943

19–29 Years; n (%) 145 (12%) 725 (12%)

0.999

30–39 Years; n (%) 226 (19%) 1130 (19%)
40–49 Years; n (%) 207 (18%) 1035 (18%)
50–59 Years; n (%) 191 (16%) 955 (16%)
60–69 Years; n (%) 214 (18%) 1070 (18%)
70–79 Years; n (%) 107 (9.1%) 535 (9.1%)
80–89 Years; n (%) 29 (2.5%) 145 (2.5%)
≥90 Years; n (%) 7 (0.6%) 35 (0.6%)

Jewish, n (%) 891 (76%) 4455 (76%) 0.999
Arab n (%) 119 (10%) 595 (10%) 0.999

Jewish Ultra-orthodox, n (%) 161 (14%) 805 (14%) 0.999

Body mass index (BMI), (kg/m2)
mean (SD)

26.7 (5.1) 27.0 (5.3) 0.108

Smoker, n (%) 147 (14%) 1147 (21%) <0.001
Comorbidity

Hypertension, n (%) 311 (27%) 1521 (26%) 0.688
Diabetes mellitus, n (%) 184 (16%) 885 (15%) 0.593

Asthma, n (%) 112 (9.6%) 561 (9.6%) 0.999
COPD, n (%) 56 (4.8%) 304 (5.2%) 0.611

Ischemic heart disease, n (%) 86 (7.3%) 377 (6.4%) 0.272
Active malignancy, n (%) 79 (6.7%) 379 (6.5%) 0.745

Chronic kidney disease, n (%) 43 (3.7%) 151 (2.6%) 0.037
Hospitalization due to COVID-19 19 (1.6%) 0 <0.001

Mild 7 (37%) 0
Moderate 3 (16%) 0

Severe 5 (26%) 0
Mechanical ventilation 2 (11%) 0

Mortality since third vaccination,
n (%) 4 (21%) 0

3.2. Demographic and Clinical Characteristics of the Study Population after Matching

Demographic and clinical characteristics of the study population after matching for
sex, age and demographic factors (Jewish, Arab, Jewish Ultra-orthodox) in a 1:5 ratios are
presented in Table 3. The clinical and laboratory parameters of the 1171 COVID-19 positive
individuals were compared with 5855 COVID-19-negative cases.

1. The COVID-19-positive group was characterized by higher rates of chronic kidney dis-
ease than the matched COVID-19-negative group (43 (3.7%) vs. 3646 (2.7%); p = 0.039)
(Table 2).

2. During the study period, 19 (1.6%) patients who were COVID-19 positive were
hospitalized (7 (36.8%) with mild, 3 (15.8%) with moderate, and 5 (26.3%) with severe
COVID-19), 2 (10.5%) patients were mechanically ventilated, and 4 (21.1%) patients
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died (Table 2). A multivariable logistic regression of the main parameters affecting
COVID-19 positivity is provided as Supplementary Table S1.

3.3. Laboratory Characteristics of the Matched Population

Laboratory characteristics of the matched population are shown in Table 3.

Table 3. Laboratory characteristics of the matched population.

COVID-19 Positive
N = 1171

COVID-19 Negative
N = 5855 p

Hemoglobin (g/dL); median [IQR] 13.60 [12.60–14.80] 13.80 [12.80–14.90] 0.022
RBC (106/µL); median [IQR] 4.71 [4.36–5.09] 4.74 [4.39–5.10] 0.111

HCT (%); median [IQR] 40.70 [37.90–43.80] 41.00 [38.20–43.90] 0.028
MCV (fL); median [IQR] 86.70 [83.80–89.40] 86.90 [84.00–89.70] 0.135

WBC; median [IQR] 6.55 [5.59–7.84] 6.81 [5.70–8.09] <0.001
Lymphocytes (109/L); median [IQR] 2.05 [1.65–2.52] 2.14 [1.74–2.63] <0.001

Lymphocytes % median [IQR] 31.70 [26.40–37.77] 32.30 [26.70–37.80] 0.191
Neutrophils (109/L); median [IQR] 3.68 [2.92–4.52] 3.76 [2.97–4.75] 0.012

Neutrophils % median [IQR] 64.00 [47.00–74.65] 62.00 [46.00–72.20] 0.254
Monocytes (109/L); median [IQR] 0.53 [0.36–0.78] 0.59 [0.37–0.89] 0.021

Monocytes % median [IQR] 8.00 [6.80–9.38] 7.90 [6.70–9.20] 0.115
Basophils (109/L); median [IQR] 0.04 [0.03–0.06] 0.04 [0.03–0.06] 0.002

Basophils % median [IQR] 0.60 [0.40–0.80] 0.60 [0.40–0.80] 0.097
Eosinophils (109/L); median [IQR] 0.16 [0.10–0.25] 0.17 [0.11–0.26] 0.065

Eosinophils %, median [IQR] 2.40 [1.70–3.80] 2.50 [1.70–3.70] 0.802
Platelets (109/L); median [IQR] 241.00 [202.00–283.00] 242.00 [204.00–286.00] 0.355

MPV (fL); median [IQR] 87.30 [84.07–89.82] 86.90 [84.00–89.90] 0.515
Glucose (mg/dL); median [IQR] 96.45 [88.65–107.35] 96.20 [89.25–107.10] 0.911

Hemoglobin A1c (%); median [IQR] 5.50 [5.20–6.00] 5.50 [5.20–5.90] 0.932
Creatinine (mg/dL); median [IQR] 0.77 [0.64–0.94] 0.77 [0.65–0.92] 0.947

Urea (mg/dL); median [IQR] 30.20 [24.80–36.50] 29.45 [24.20–35.90] 0.039
Albumin/Creatinine Ratio 6.00 [3.56–15.10] 5.55 [3.29–12.81] 0.032

Iron (mcg/dL); median [IQR] 79.50 [62.65–101.35] 83.85 [62.40–105.38] 0.069
Ferritin (ng/mL); median [IQR] 62.69 [31.83–121.03] 67.73 [31.50–130.93] 0.198

Folic Acid (ng/mL); median [IQR] 7.10 [5.00–10.18] 7.02 [5.10–10.05] 0.762
C-Reactive Protein (mg/L); median [IQR] 2.40 [1.00–5.70] 2.80 [1.30–6.10] 0.020

ESR (mm/hr); median [IQR] 16.00 [10.00–29.00] 16.00 [9.00–28.25] 0.786
Total Protein (g/dL); median [IQR] 7.08 [6.76–7.33] 7.04 [6.78–7.33] 0.829

Albumin (g/dL); median [IQR] 4.20 [4.00–4.40] 4.20 [4.00–4.40] 0.252
25-OH Vitamin D (ng/mL); median [IQR] 22.10 [16.08–27.52] 22.40 [16.20–28.80] 0.317

Vitamin B12 (pg/mL); median [IQR] 372.20 [294.60–489.00] 379.95 [298.30–489.97] 0.399
Immunoglobulin A (mg/dL); median [IQR] 208.50 [156.50–292.75] 213.00 [153.00–289.25] 0.999
Immunoglobulin M (mg/dL); median [IQR] 107.00 [75.00–156.00] 108.00 [70.00–150.00] 0.745
Immunoglobulin G (mg/dL); median [IQR] 1141.00 [1033.00–1341.00] 1112.00 [963.00–1280.00] 0.102
Immunoglobulin E (IU/mL); median [IQR] 50.50 [13.88–111.25] 58.65 [18.00–200.25] 0.188

C3 Complement (mg/dL); median [IQR] 125.00 [113.00–139.00] 131.00 [115.00–148.00] 0.004
C4 Complement (mg/dL); median [IQR] 32.00 [26.50–38.00] 33.00 [28.00–40.00] 0.147
Total Cholesterol (mg/dL); median [IQR] 184.70 [158.43–215.25] 190.40 [161.97–217.93] 0.004
LDL Cholesterol (mg/dL); median [IQR] 111.00 [88.75–136.00] 115.00 [91.00–139.00] 0.004
HDL Cholesterol (mg/dL); median [IQR] 49.00 [41.00–57.00] 49.00 [42.00–58.00] 0.587

Triglycerides (mg/dL); median [IQR] 99.20 [70.50–141.30] 103.25 [74.40–146.62] 0.019
PT (INR); median [IQR] 0.98 [0.94–1.03] 0.97 [0.93–1.01] 0.004
PT (sec); median [IQR] 11.30 [10.70–11.90] 11.10 [10.50–11.60] 0.001

aPTT (sec); median [IQR] 28.60 [26.00–31.90] 27.80 [25.70–31.30] 0.059
TSH (mIU/L); median [IQR] 1.74 [1.19–2.45] 1.81 [1.27–2.51] 0.025

Free T4 (mIU/L); median [IQR] 13.02 [11.47–14.46] 13.23 [11.73–14.73] 0.021
Free T3 (mIU/L); median [IQR] 4.52 [4.05–4.96] 4.59 [4.12–5.04] 0.075

eGFR (mL/min/1.73 m2); mean (SD) 58.80 (5.62) 59.28 (4.24) 0.002
GFR G4/G5 < 15–29, n (%) 11 (0.9%) 33 (0.6%) 0.152

GFR G3b 30–44, n (%) 21 (1.8%) 56 (1.0%) 0.019
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Table 3. Cont.

COVID-19 Positive
N = 1171

COVID-19 Negative
N = 5855 p

GFR G3a 45–59, n (%) 49 (4.2%) 197 (3.4%) 0.164
GFR G2 60–89, n (%) 362 (31%) 2019 (35%) 0.019

GFR G1 (Normal), n (%) 685 (59%) 3345 (57%) 0.401

Activated partial thromboplastin clotting time; TSH—Thyroid stimulating hormone; MPV—Mean platelet volume;
ERS—Erythrocyte sedimentation rate; eGFR—Estimated glomerular filtration rate; PT—Prothrombin time; INR—
International normalized ratio.

There were very slight but significant differences in the various laboratory parameters
between the matched groups.

1. In the COVID-19-positive group, hemoglobin, hematocrit, white blood cells, lym-
phocytes, monocytes, basophils, C3 Complement, total cholesterol, LDL cholesterol,
prothrombin time (PT), thyroid stimulating hormone (TSH), free T4 and estimated
glomerular filtration rate (eGFR) eGFR were lower.

2. Urea and albumin/creatinine ratio were higher in the COVID-19-positive group than
in the COVID-19-negative group.

4. Discussion

In the study, we present data on BNT162b2 booster vaccination (third dose) of 136,683
community-based individuals in Israel, >14 days after their third BNT162b2 mRNA vac-
cination, with 1171 (0.9%) RT-PSR test-confirmed COVID-19 cases. We found a low rate
of positive COVID-19 in those vaccinated with a booster dose, and anemia, lower WBC,
lymphocytes, monocytes, basophils, and chronic kidney disease were associated with
confirmed COVID-19 cases.

Despite the previously observed association between aging and a significant reduction
in BNT162b2 mRNA vaccine-induced antibody responses after the first and second vacci-
nations, there remains a great need for studies focusing on people who are older [12,13].
The real-life study of adults older than 60 years demonstrated a significant immunogenicity
after receiving the third dose of the BNT162b2 mRNA in all participants, even those who
did not respond to previous doses [14]. However, increasing age is a recognized risk
factor for COVID-19 and is also associated with more severe disease and poorer clinical
outcomes [15]. The observed efficacy of the third BNT162b2 mRNA vaccination in people
who are older suggests that the reduced immunogenicity observed after the first and second
doses for this vaccine may be less relevant to the third booster vaccination.

Most of our individuals who were COVID-19 positive had asymptomatic or minimally
symptomatic infection. Only 19 (1.6%) of them were hospitalized with a mortality rate of
21.1% (4 of 19), which is lower than the International Severe Acute Respiratory and Emerg-
ing Infection Consortium data (with a mortality rate of 27%) among persons hospitalized
with COVID-19 in the United Kingdom after vaccination [16,17].

The reason for the association of lower hemoglobin and hematocrit with post-vaccination
infection is unclear. Recently, Butt et al. reported that anemia was a significant risk factor
for breakthrough SARS-CoV-2 infection after vaccination with two doses of the PfizerBNT-
162b2 or Moderna-mRNA-1273 vaccines among US Veterans. The authors did not assess
the association of the degree of anemia with the risk of SARS-CoV-2 infection [8]. Our study
shows that a very mild and clinically insignificant drop in hemoglobin and hematocrit
levels is already associated with the risk of SARS-CoV-2 infection after booster vaccination.
Several research groups have previously reported the association between anemia in
patients with COVID-19 infections and the associated risk of short-term mortality [18,19].
Remarkably, there was no difference in blood levels of iron, vitamin B12, or folic acid
between our COVID-19-positive and COVID-19-negative groups. The observed lower
hemoglobin levels are likely to reflect other underlying pathological conditions, often
influenced by various concomitant diseases and/or risk factors. Therefore, we cannot
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say what potential pathophysiological mechanisms might be associated with SARS-CoV-2
infection after booster vaccination in our population.

Our study suggests that chronic kidney disease might be associated with a higher
likelihood of SARS-CoV-2 infection after booster vaccination. This is noteworthy because
individuals with chronic kidney disease were underrepresented in phase two and phase
three studies of the COVID-19 vaccines [20]. This increased risk of SARS-CoV-2 infection
after booster vaccination for people with chronic kidney disease could reflect impaired
humoral immunity in these individuals [21].

In the last two years, several systematic reviews and meta-analyses have shown
that the risk of SARS-CoV-2 infection is related to the burden of arterial hypertension
and diabetes mellitus [22,23]. Nevertheless, our study did not identify hypertension
and diabetes as two chronic diseases associated with a higher likelihood of SARS-CoV-2
infection after booster vaccination.

Patients with active cancer have a reduced humoral immune response and an in-
creased risk of severe COVID-19 even after a double dose of BNT162b2 vaccination [24].
Nevertheless, the third dose of BNT162b2 can induce higher anti-SARS CoV-2 IgG titers
than two doses in patients with active malignancy and immunosuppression [25]. Interest-
ingly, we did not observe any association between active malignancy and COVID-19 after
BNT162b2 booster vaccination.

The information on the presented laboratory variables distinguishing the COVID-19-
positive from the COVID-19-negative group in the study must be interpreted with caution,
as the small and clinically insignificant differences cannot be generalized. Nevertheless,
these laboratory differences may be related to underlying alterations in cellular and humoral
adaptive immune responses. Previous studies have focused on SARS-CoV-2 sequence data
or the detection of antibodies in samples obtained from infected individuals following
vaccination [26–29]. Therefore, the observed laboratory characteristics in individuals who
are COVID-19 positive may be of interest to public health authorities, as there is an urgent
need to understand the individual variables that are predisposed to breakthrough SARS-
CoV-2 infection following booster vaccination in order to identify the population at risk.

Knowledge of the risk of SARS-CoV-2 infection after booster vaccination is essential
in order to relax the sometimes very restrictive and psychologically stressful general
lockdown measures and gradually return to pre-pandemic life. Therefore, our findings
may have implications for strategies following booster vaccinations. Individuals who are
fully vaccinated against COVID-19 may need to be cautious about physical distance and
other personal protective measures in the post-vaccination period, especially if they have
chronic kidney disease.

4.1. Study Strengths

Our study has several strengths. We studied an entire Israeli population with diverse
geographic and demographic characteristics and cared for in a single health facility, and
consulted a national database of individuals who have been SARS-CoV-2 RT-PCR screened
and infected that uses validated definitions and algorithms, is regularly updated, and
represents a productive source for clinical and observational studies. The design of our
study, including matching cases and controls, reduced the potential for bias; however, small
between-group differences in matched variables remained.

4.2. Study Limitations

Some limitations should be noted. We did not assess actual exposure to confirmed
cases and were unable to rule out SARS-CoV-2 infection in asymptomatic individuals who
were not tested using RT-PCR. Moreover, some of the factors that could affect infection risk
were not included in the analysis, notably the occupation (i.e., healthcare workers could be
at increased risk for developing SARS-CoV-2 infection), the characteristics of the household
(i.e., individuals belonging to a household including more children may be at increased
risk) and variation in the infectivity of viral variants. Another major limitation of the study
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is the lack of data on vaccine-specific antibody/T-cell response after booster vaccination.
Precisely defined correlates of protection against SARS-CoV-2 infection have not yet been
determined [30], neutralizing antibodies play an important role [31] and higher titers of
neutralizing antibodies may be required to achieve cross-protection against SARS-CoV-2
variants after booster vaccination [32]. In addition, induction and boosting of S-specific
T cells may play critical roles in the protection against SARS-CoV-2 [33]. S-specific T cells
are capable of recognizing different SARS-CoV-2 variants, and thus, T-cell induction may
be important in the face of declining antibody levels [34]. These crucial data would explain
why patients had SARS-CoV-2 infection after the booster dose.

5. Conclusions

People with chronic kidney disease and anemia should be included in possible future
annual SARS-CoV-2 vaccination recommendations.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/vaccines10050636/s1, Table S1: Multivariable logistic regression
of demographic and clinical characteristics affecting PCR positivity.
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