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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

CORRESPONDENCE E321

https://orcid.org/0000-0002-4002-2461
mailto:lamisse.mansour-hendili@aphp.fr
https://orcid.org/0000-0001-7887-9156
https://orcid.org/0000-0001-7887-9156
https://orcid.org/0000-0002-5808-0539
https://orcid.org/0000-0002-5808-0539
https://orcid.org/0000-0002-8425-431X
https://orcid.org/0000-0002-8425-431X
https://orcid.org/0000-0002-4002-2461
https://orcid.org/0000-0002-4002-2461
https://doi.org/10.3324/haematol.2018.205328
https://doi.org/10.1007/978-3-030-12457-1_25
https://doi.org/10.1038/s41598-017-01591-w
https://doi.org/10.1038/s41598-017-01591-w
https://doi.org/10.1186/s13023-020-01425-5
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1182/blood-2009-04-210112
https://doi.org/10.1182/blood-2009-04-210112
https://doi.org/10.1096/fj.15-280446
https://doi.org/10.1182/blood-2006-01-009613
https://doi.org/10.1182/blood-2006-01-009613


adenovirus vector (AstraZeneca-AZ) vaccines account for the majority

of vaccinations following the encouraging clinical trial results.1,2 Age,

gender and comorbidities, such as hematologic malignancies, may

have an impact on antibody response.3–5

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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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,6 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.
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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 Iraq and Afghanistan.

While combat injuries heighten the risk of several chronic medical

conditions,1 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.2 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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