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Comparison of neutralizing
antibody responses against
SARS-CoV-2 in healthy
volunteers who received the
BNT162b2 mRNA or the
AZD1222 vaccine: Should the
second AZD1222 vaccine
dose be given earlier?

To the Editor:
Vaccination programs against SARS-CoV-2 are in full progress across
the globe. The BNT162b2 mRNA (Pfizer) and the AZD1222
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adenovirus vector (AstraZeneca-AZ) vaccines account for the majority
of vaccinations following the encouraging clinical trial results.>? Age,
gender and comorbidities, such as hematologic malignancies, may
have an impact on antibody response.®~>

The aim of this study was to compare the kinetics of SARS-CoV-2
neutralizing antibodies (NAbs) between the two vaccines at days
22 and 50 post-vaccination. The possible influence of gender and
body mass index (BMI) on the level of NAbs was also investigated.

The main inclusion criteria for participation in this study were: Age
over 18 years, ability to sign the informed consent form, and eligibility
for vaccination according to the national program for COVID-19. Major
exclusion criteria included the presence of immunosuppressive therapy,
active malignant disease, and end-stage renal disease. According to the
National Immunization Program, only individuals aged 60-64 years had
access to the AZ vaccine during the study period. For Pfizer, access to
the vaccine was available to all ages 18 years and older. However, in this
study, for comparability purposes, only subjects aged between 57 and
67 years, who received the Pfizer vaccine, were included to have compa-
rable ages, that is, +3 and —3 from the age limits of the AZ vaccine. All
individuals participated in a prospective study (NCT04743388) regarding
the efficacy of vaccination for the prevention of COVID-19 in Greece.

Data of the subjects were kept confidential in accordance with
the General Data Protection Regulation (GDPR) rules (Regulation
2016/679 of European Parliament 2016). All names were kept confi-
dential and immediately after collection, names were deleted and ran-
domly replaced with a unique number. The study was approved by
the respective Ethical Committee of Alexandra Hospital, in accor-
dance with the Declaration of Helsinki and International Conference
for harmonization for good clinical practice. All participants gave their
written consent before participating in the study.

NAbs against SARS-CoV-2 were measured using a FDA-approved
methodology. The cPass™ SARS-CoV2 NAbs Detection Kit (GenScript,
Piscataway, NJ, USA) was used, which allows indirect detection of
potential SARS-CoV-2 NAbs in blood by testing antibody-mediated inhi-
bition of SARS-CoV-2 RBD binding to the human host receptor angio-
tensin converting enzyme 2. The time points for blood collection and
serum isolation were day 1 (D1, before the first Pfizer or AZ shot), D22
(before the second shot, only for Pfizer vaccine; second shot of AZ
vaccine was scheduled for 12 weeks after the first shot), and D50
(4 weeks after the second Pfizer shot, 7 weeks after the first AZ shot).
After venipuncture, serum was separated within 4 h of blood collection
and stored at —80°C until the day of measurement. Stored samples from
different time points of the same donor were measured in parallel assays.

After data collection, statistical analysis was performed in the
Python programming language (v. 3.9.2). The analysis included
descriptive statistics and statistical comparisons between groups.
Prior to statistical comparisons, a normality test of the data distribu-
tions was performed using the Shapiro-Wilk criterion. In the case of
normally distributed data, parametric comparison methods were used,
while if all or one of the compared groups deviated from normality,
non-parametric methods were used. In all cases in this analysis, either
one or all of the groups deviated from the normal distribution, so

two-group and multiple-group analyses were performed using the

nonparametric Mann-Whitney U test and Kruskal-Wallis H test,
respectively. Because comparisons were between different groups of
subjects, namely men versus women or Pfizer vs. AZ vaccinated sub-
jects, independent group comparisons were performed. For compari-
sons of nominal variables (e.g., occurrence of an adverse event with
vaccine type), chi-square analysis was used. In all cases, the signifi-
cance level was set at 5% and a result was considered significant if
the estimated p-value (p) was below the significance level.

Figure 1 shows the percent inhibition of NAbs on days 1, 22, and
50 in the two groups of the study, vaccinated with either the Pfizer or
the AZ vaccines. On the first day of observation (D1), that is, immedi-
ately before vaccination, eight subjects (10.3%) had inhibition above
the threshold of 30% in the case of Pfizer's vaccine, while only one
subject (1.4%) in the AZ group had inhibition above 30%. The median
age of participants in both the Pfizer (N = 78) and AZ (N = 73) groups
was 61 years (mean 61.8 and 61.5 years, respectively). Statistical
comparison showed no significant differences between the two
groups in terms of age at baseline (p = 0.897). In addition, there was
no difference (p = 0.095) in NAbs titers at day 1, a result that allows
later comparisons at days 22 and 50.

At D22, a steep increase in NAbs was observed for both vaccines.
The median inhibition values were 43.6% and 35.0% for the Pfizer and
AZ groups, respectively. This difference was found to be statistically sig-
nificant (p = 0.031), indicating a slightly higher percentage inhibition of
SARS-CoV-2 by the Pfizer vaccine compared to the AZ vaccine. Overall,
for the Pfizer group, seven (8.9%) and seventeen (21.8%) subjects had
NAbs titers greater than 75% and less than 30%, respectively. For the
AZ group, the number of subjects who had inhibition less than 30% was
32 (43.8%), while five of them (6.8%) had inhibition greater than 75%.

At D50, the difference in inhibition between Pfizer's vaccine and
AZ was even greater, reaching a median inhibition value of 95.6% in
the case of Pfizer compared to the median estimate of 41.1% for AZ
(p < 0.001). In this point we have to stress that the Pfizer group had
received the second vaccine dose four weeks before (on D22), while
the AZ group had received only the first vaccination dose (on D1). In
the case of Pfizer's vaccine, half of the subjects developed inhibition
greater than 95%, the majority of them (73 subjects or 93.6%) had
NAbs inhibitory titers greater than 75%, while only two (2.6%) were
classified as negative (less than 30%). In the AZ group, the number of
subjects with inhibition greater than 75% was eight (10.9%), while
eighteen subjects (24.6%) had NAbs inhibition less than 30%.

A similar analysis was also performed with respect to gender to
identify possible gender differences in the development of percentage
inhibition of SARS-CoV-2 between the two vaccines. It was found
that both males and females in the Pfizer group developed inhibition
levels significantly faster compared to AZ group (p-values equal to
0.032 and 0.027 for males and females, respectively) from day 1 to
22, after only one vaccination with each vaccine, respectively.

The possible influence of BMI on NAbs titers was also investi-
gated. In the Pfizer group, 33.7% had normal weight, 48.2% were
overweight, and 18.1% were obese. In the AZ group, 28.4% of sub-
jects had normal weight, 40.7% were overweight, and 30.9% were

obese. No significant differences were observed between BMI groups
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FIGURE 1 Inhibition (%) of SARS-CoV-2 binding to the human host receptor angiotensin converting enzyme-2 after vaccination with the

BNT162b2 mRNA vaccine (Pfizer) and the AZD1222 vaccine (AstraZeneca, AZ). NAbs were measured on day 1 (vaccination date), day 22, and
day 50. Asterisks indicate statistically significant differences between the compared groups: *p-value = 0.031, **p-value <0.001. The boxplot
borders refer to the quartiles of the distribution, while the overlaid dots represent the individual values of NAbs inhibition

and vaccine type (p-values of Kruskal-Wallis test were 0.174, 0.258
and 0.242 for D1, D22 and D50, respectively). Furthermore, when
BMI was treated as a scale variable, the paired cross-correlations
between BMI and NAbs inhibition level yielded a correlation coeffi-
cient of no more than 0.125, indicating no association.

Regarding the safety profile, no adverse events occurred with the
Pfizer vaccine in 44 subjects (56.4%), while 34 of them (43.6%) experi-
enced at least one grade 1/2 adverse event after the first vaccination
(i.e., fatigue, fever, chills, or myalgia) which lasted for up to 72 h. In
the AZ group, 27 subjects (37.0%) experienced no adverse events
after vaccination, while 46 subjects (63.0%) experienced at least one,
grade 1/2, adverse event. No severe adverse event of grade 3 or more
was observed with either vaccine. Chi-square analysis revealed a sta-
tistically significant association between the type of vaccine and the
occurrence of an adverse event. In particular, vaccination with AZ
showed a positive association with the occurrence of adverse events
(p =0.018).

Despite the relatively small sample size, this study showed that
NAbs inhibitory values reached moderate levels with Pfizer and AZ at

three weeks after the first vaccination, with slightly higher values after

vaccination with Pfizer. At day 50, that is, 4 weeks after the second
vaccination with Pfizer, the inhibition levels for Pfizer's vaccine
became very high, with half of them showing inhibition of more than
95%, while the inhibition levels of AZ remain almost at the moderate
levels of D22, as these patients had not received the second vaccine
dose yet. Although many countries have opted for a 12-week interval
between the two doses of AZ in order to increase the number of vac-
cinated people with at least one dose,® our results advocate for a
shorter administration schedule, especially as more vaccines are
becoming available. Furthermore, males and females treated with
Pfizer vaccine achieved significantly faster viral inhibition at D22 than
those treated with the AZ vaccine. BMI was found to have no signifi-
cant effect on NAbs titers. Finally, it was found that the AZ vaccine
was significantly associated with a higher incidence of mild adverse
events compared to the Pfizer vaccine.

ACKNOWLEDGMENTS

We thank Christine-lvy Liacos, PhD, Nefeli Mavrianou, PhD loanna
Charitaki, NR, Nikoletta-Aikaterini Kokkali, NR, Mrs Stamatia Skourti
and Mr Theodoros Konstantakopoulos for administrative, technical,



CORRESPONDENCE

= | WiLEY-[JNE)

and/or material support. We also thank SYN-ENOSIS (Greece),
AEGEAS (Greece) and IEMBITHEK (Greece) for partially funding this
study, as well as all of the study participants for donating their time

and samples.

CONFLICT OF INTEREST

The authors declare no relevant conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Evangelos Terpos? (2, loannis P. Trougakos? (), Vangelis Karalis®,

loannis Ntanasis—Stathopoqus1 , Aimilia D. Sklirou?, Tina Bagratuni1
, Eleni-Dimitra Papanagnouz, Dimitrios Patseas?, Sentiljana Gumeni?,
Panagiotis Malandrakis®, Eleni Korompokii,

Meletios A. Dimopoulos®

1Department of Clinical Therapeutics, School of Medicine, National and
Kapodistrian University of Athens, Athens, Greece

2Department of Cell Biology and Biophysics, Faculty of Biology, National
and Kapodistrian University of Athens, Athens, Greece

3Section of Pharmaceutical Technology, Department of Pharmacy, School
of Health Sciences, National and Kapodistrian University of Athens,
Athens, Greece

Correspondence

Evangelos Terpos, Department of Clinical Therapeutics, National and
Kapodistrian University of Athens, School of Medicine, Alexandra
General Hospital, 80 Vas. Sofias Avenue, Athens 11528, Greece.
Email: eterpos@med.uoa.gr; eterpos@hotmail.com

Evangelos Terpos and loannis P. Trougakos equal contribution as first

authors.

ORCID
Evangelos Terpos "= https://orcid.org/0000-0001-5133-1422
https://orcid.org/0000-0002-6179-2772

https://orcid.org/0000-0002-6328-

loannis P. Trougakos
loannis Ntanasis-Stathopoulos
9783

Meletios A. Dimopoulos "= https://orcid.org/0000-0001-8990-3254

REFERENCES

1. Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the
BNT162b2 mRNA Covid-19 vaccine. N Engl J Med. 2020;383(27):
2603-2615.

2. Ramasamy MN, Minassian AM, Ewer KJ, et al. Safety and immunoge-
nicity of ChAdOx1 nCoV-19 vaccine administered in a prime-boost
regimen in young and old adults (COV002): a single-blind, randomised,
controlled, phase 2/3 trial. Lancet. 2021;396(10267):1979-1993.

3. Terpos E, Trougakos IP, Apostolakou F, et al. Age-dependent and
gender-dependent antibody responses against SARS-CoV-2 in health

workers and octogenarians after vaccination with the BNT162b2
mRNA vaccine. Am J Hematol. 2021;96(7):E257-E259. https://doi.org/
10.1002/ajh.26185.

4. Terpos E, Trougakos IP, Gavriatopoulou M, et al. Low Neutralizing
Antibody Responses Against SARS-CoV-2 in Elderly Myeloma Patients
After the First BNT162b2 Vaccine Dose. Blood. 2021;137(26):3674-
3676. https://doi.org/10.1182/blood.2021011904.

5. Herishanu Y, Avivi |, Aharon A, et al. Efficacy of the BNT162b2 mRNA
COVID-19 vaccine in patients with chronic lymphocytic leukemia.
Blood.  2021;137(23):3165-3173.  https://doi.org/10.1182/blood.
2021011568.

6. Voysey M, Costa Clemens SA, Madhi SA, et al. Single-dose administra-
tion and the influence of the timing of the booster dose on immunoge-
nicity and efficacy of ChAdOx1 nCoV-19 (AZD1222) vaccine: a pooled
analysis of four randomised trials. Lancet. 2021;397(10277):881-891.

Received: 14 April 2021| Revised: 20 May 2021 | Accepted: 20 May 2021
DOI: 10.1002/ajh.26252

Incidence of cancer among
U.S. combat casualties: a DoD
Trauma Registry study

To the Editor:

Over the past two decades, more than 53 000 military members have
been wounded in action during operations in Irag and Afghanistan.
While combat injuries heighten the risk of several chronic medical
conditions,’ the association of combat trauma with cancer is
unknown. We sought to determine the cancer incidence in combat
casualties compared to a cohort of uninjured service members.

The Department of Defense (DOD) Trauma Registry (DODTR)
was utilized to collect data on 10 000 randomly selected U.S. military
personnel who were wounded in combat operations in Iraq or Afghan-
istan from 2002-2016, and whose traumatic injuries were severe
enough to warrant hospital admission. A comparator cohort of
uninjured Iraq and Afghanistan veterans was created by 1:1 exact
matching by year of birth +1-year, military service branch, and gender,
with a 97% match rate achieved. Members were excluded if they died
within 90 days of traumatic injury, had pre-existing cancer, multiple
battle injuries, missing encounters, or missing variables of interest.
Cancer diagnoses were defined using International Classification of
Diseases (ICD), Ninth Revision and Tenth Revision clinical modifica-
tion codes and were obtained from inpatient and outpatient medical
records from the DOD and Veterans Affairs Health Systems. The
National Cancer Institute's ICD Conversion Program was utilized to
categorize hematologic neoplasms and solid tumors.? Hematologic
neoplasms included leukemias, lymphomas, and plasma cell disorders,
whereas solid tumors included cancer of the lung, breast, gastrointes-
tinal tract, genitourinary tract, head and neck, central nervous system,
neuroendocrine tumors, melanoma, and non-melanoma skin cancers.
The primary endpoint was the incident number of hematologic
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