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Background: There is very little known about SARS-CoV-2 vaccine immune responses in New Zealand
populations at greatest risk for serious COVID-19 disease.
Methods: This prospective cohort study assessed immunogenicity in BNT162b2 mRNA vaccine recipients
in New Zealand without previous COVID-19, with enrichment for Māori, Pacific peoples, older
adults � 65 years of age, and those with co-morbidities. Serum samples were analysed at baseline and
28 days after second dose for presence of quantitative anti-S IgG by chemiluminescent microparticle
immunoassay and for neutralizing capacity against Wuhan, Beta, Delta, and Omicron BA.1 strains using
a surrogate viral neutralisation assay.
Results: 285 adults with median age of 52 years were included. 55% were female, 30% were Māori, 28%
were Pacific peoples, and 26% were � 65 years of age. Obesity, cardiac and pulmonary disease and dia-
betes were more common than in the general population. All participants received 2 doses of
BNT162b2 vaccine. At 28 days after second vaccination, 99.6% seroconverted to the vaccine, and anti-S
IgG and neutralising antibody levels were high across gender and ethnic groups. IgG and neutralising
responses declined with age. Lower responses were associated with age � 75 and diabetes, but not
BMI. The ability to neutralise the Omicron BA.1 variant in vitro was severely diminished but maintained
against other variants of concern.
Conclusions: Vaccine antibody responses to BNT162b2 were generally robust and consistent with inter-
national data in this COVID-19 naïve cohort with representation of key populations at risk for COVID-19
morbidity. Subsequent data on response to boosters, durability of responses and cellular immune
responses should be assessed with attention to elderly adults and diabetics.

� 2022 The Authors. Published by Elsevier Ltd.
1. Introduction care homes, those with co-morbidities such as cardiac and respira-
In 2019, a newly emergent coronavirus, Severe Acute Respira-
tory Syndrome coronavirus 2 (SARS-CoV-2) causing respiratory
disease with potential for multi-system involvement (COVID-19)
spread rapidly with significant morbidity, mortality and severe
disruption of economic and social patterns worldwide. In New
Zealand, early and stringent border control and a nationwide
elimination policy limited SARS-CoV-2 spread during 2020 and
most of 2021. Overseas, adults � 65 years of age, elderly in aged
tory disease, diabetes and obesity were shown to be at higher risk
of COVID-19-associated morbidity and mortality. This was mir-
rored in New Zealand, with Māori and Pacific peoples also being
demonstrated to be at higher risk [1]. In March 2021, the
BNT162b2 COVID-19 vaccine manufactured by Pfizer/BioNTech
was offered to the New Zealand population. Little data on immuno-
genicity of COVID-19 vaccines is available in New Zealand popula-
tions. This prospective cohort study assessed immunogenicity in a
subset of BNT162b2 recipients, with a focus on Māori, Pacific peo-
ples, older adults � 65 years of age, and those with co-morbidities.

There are several reasons to evaluate immune responses in local
populations. The pivotal efficacy trials for COVID-19 vaccines
enrolled minimal numbers of Pacific populations and did not
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include Māori. While vaccines are generally believed to act simi-
larly across populations, reduced immunogenicity and effective-
ness have been demonstrated for specific vaccines in the elderly
due to immune senescence, and populations in low-resource set-
tings possibly due to increased immune activation [2]. Māori and
Pacific populations in New Zealand have disproportionate rates
of cardiac and pulmonary disease, diabetes and obesity which are
likely to increase morbidity from COVID-19. Modeling of COVID-
19 cases during 2020 and early 2021 showed that Māori had 2.5
times greater odds of hospitalization than non-Māori, non-Pacific
peoples, while Pacific peoples had 3 times greater odds [1]. During
the period of Delta and Omicron transmission from August 2021 to
the present, Māori accounted for 21% of cases and 25% of hospi-
talised cases. Pacific peoples accounted for 16% of cases and 34%
of hospitalized cases [3]. Older adults � 50 years of age accounted
for only 18% of cases during this period, but 47% of hospitalizations
[3]. Confirming immunogenicity profiles in these populations pro-
vides important data to inform the national COVID-19 strategy and
to enhance vaccine confidence.

Pivotal efficacy trials were conducted in regions with high
levels of SARS-CoV-2 circulation and transmission, which differs
significantly from New Zealand which had limited exposure and
community spread prior to 2022. Vaccine immune responses and
the need for boosting may differ in populations with minimal prior
viral exposure. Since the beginning of the pandemic, several vari-
ants of SARS-CoV-2 with increased transmissibility have evolved,
with community transmission of Delta variant beginning in August
2021 and of Omicron variant in Jan 2022 in New Zealand. The
BNT162b2 COVID-19 vaccine currently in use is based on
sequences from the ancestral (Wuhan) strain and has demon-
strated variable ability to neutralise variants of concern (VoC)
in vitro, with sustained neutralisation against Delta, a modest
decrease against Beta and significant decrease against Omicron
[4,5]. These changes in neutralisation capacity correspond to sim-
ilar patterns in decreased efficacy against infection across VoCs,
while protection against severe disease is mildly reduced for Delta,
with a more significant reduction for Omicron [6,7].

It is important to be able to evaluate the ability of vaccine-
induced immune responses in the population to neutralise current
or future variants. Well-characterized serologic specimens from
vaccine recipients can also be used to evaluate the use of new,
booster vaccines for COVID-19 variants, and to identify serologic
tests of vaccine immunity for use in occupational health or travel.
In addition, COVID-19 vaccination across a diverse population pro-
vides an important opportunity to evaluate host factors that may
influence the effectiveness of vaccines. There are several lines of
evidence suggesting a relationship between host factors such as
immune activation and gut microbiome and protective antibody
responses to vaccination [8].

The ongoing Ka Mātau, Ka Ora study is assessing immunogenic-
ity in a subset of BNT162b2 COVID-19 vaccine recipients, with a
focus on Māori, Pacific peoples, older adults � 65 years, and those
with co-morbidities. Vaccine immune responses were character-
ized and compared to international data and proposed correlates
of immunity. The ability of vaccine-induced responses to neutralise
new viral variants was evaluated.
2. Methods

2.1. Study design and population

Participants were recruited from people eligible for COVID-19
vaccination in New Zealand from 10 June 2021 to 18 September
2021 at two study centers. The study sites were selected to access
population groups across both the North and South Islands of New
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Zealand, to avoid the previous small COVID-19 outbreak center in
the far south of the country, and to avoid study disruption from
potential future outbreaks in the main population center of Auck-
land. During the majority of the enrollment period, no widespread
community transmission of SARS-CoV-2 was detected in the coun-
try. From 17 August 2021 community transmission of the Delta
variant was detected in the country but was not detected around
the study centers until after the enrollment period ended. Because
the New Zealand vaccination program was sequenced according to
occupation and risk, the populations eligible for vaccination
according to national guidelines during the study enrollment per-
iod included (1) at-risk people age � 16 living in settings with a
high risk of exposure to COVID-19, (2) people age � 65 and (3) peo-
ple age � 16 with underlying health conditions or disabilities. Rel-
evant underlying health conditions included coronary heart
disease, hypertension, stroke, diabetes, chronic obstructive pul-
monary disease/chronic respiratory conditions, kidney disease,
cancer and pregnancy. The Pfizer/BioNTech BNT162b2 COVID-19
vaccine was the preferred vaccine for use in New Zealand during
this period.

Key inclusion criteria for the study were age � 16 and eligibility
for COVID-19 vaccination by national guidelines. Participants were
excluded if they had a history of COVID-19, current respiratory or
constitutional symptoms, recent international travel, systemic
immunosuppressant medications, recent receipt of blood products
or were a close contact of a confirmed or suspected COVID-19 case.
Enrollment was enriched to ensure adequate representation of Mā
ori, Pacific peoples, older adults � 65 and women. Although preg-
nancy was not an exclusion criterion, no pregnant women were
included in the study as COVID-19 vaccination was not widespread
for pregnant women during this period when community trans-
mission was very low.

All participants provided written informed consent. Demo-
graphic, past medical history, medications and BMI were recorded
at baseline. Ethnicities were collected using New Zealand census
categories. Selected co-morbidities associated with increased risk
for COVID-19 morbidity and mortality were collected including
overweight and obesity, cardiac disease (heart failure, coronary
artery disease, cardiomyopathy and hypertension), diabetes (type
1 and 2), and pulmonary disease (chronic obstructive pulmonary
disease, moderate to severe asthma, smoking, vaping).

Blood samples were taken within 7 days prior to first vaccina-
tion, within 3 days prior to second vaccination, and 28 days after
second vaccination, with an allowable window from 21 to 56 days
after second vaccination. All vaccinations were conducted by the
national COVID-19 vaccination program, using the Pfizer/BioNTech
BNT162b2 COVID-19 vaccine. The standard 30ug dose was given
by intramuscular injection approximately 21 days apart. Data on
needle length or site of injection was not collected, however both
25 mm and 28 mm needles were made available in the national
vaccination program. Vaccination status and date of vaccination
were determined by self-report and review of participants’ vacci-
nation cards. Reactogenicity and other safety information were
not collected as part of this study. In September 2021, New Zealand
recommended a longer interval of 6 weeks between first and sec-
ond dose, however the majority of study participants were able
to maintain the original approximately 21 day interval.

2.2. Laboratory analysis

2.2.1. Anti-SARS-CoV-2 nucleocapsid IgG
Serum samples were analysed by Southern Community Labora-

tories in Dunedin New Zealand with the Abbott SARS-CoV-2 IgG
assay according to the manufacturers’ instructions (Abbott Labora-
tories, Abbott Park USA). The assay is a chemiluminescent
microparticle immunoassay designed to detect IgG antibodies to
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the nucleocapsid (NC) protein of SARS-CoV-2 in serum and plasma
from individuals who are suspected to have had COVID-19. The
cut-off value is 1.4 Index. Assay specificity was calculated locally
as 99.6% using antenatal samples (n = 300) in New Zealand [9].
2.2.2. Anti-SARS CoV-2 spike IgG
Serum samples were analysed by Southern Community Labora-

tories with the Abbott SARS-CoV-2 IgG II Quant assay according to
the manufacturers’ instructions (Abbott Laboratories, Abbott Park
USA). The assay is a chemiluminescent microparticle immunoassay
for the quantitative detection of IgG antibodies to the RBD of the
spike (S) protein with sensitivity and specificity of 99.37% and
99.55% respectively according to the manufacturers data. Assay
specificity was calculated locally as 100% using antenatal samples
(n = 100) in New Zealand [10]. The cut-off value is 50 AU/mL. This
assay has been calibrated by the manufacturer using the WHO
international standard for SARS-CoV-2. AU/mL results were con-
verted into IU/mL using a conversion factor supplied by the
manufacturer.
2.2.3. SARS-CoV-2 neutralising antibodies
Serum samples were analysed at University of Auckland using a

SARS-CoV-2 Surrogate Virus Neutralisation Test (sVNT) marketed
as cPASS (GenScript, Singapore). This assay measures neutralising
antibodies by quantifying the antibodies that block binding of
the SARS-CoV-2 receptor binding domain to the hACE-receptor.
Specificity was previously determined to be 100% using 413 local
samples [11]. Sera was diluted 1:10 and the assay was performed
following published protocols [12,13]. Samples were considered
positive if percent inhibition was above 20% as previously defined.
Pre-vaccine samples were initially assessed against the ancestral
strain to determine if any of the cohort had SARS-CoV-2 neutralis-
ing antibodies pre-vaccine indicative of prior infection. Post-
vaccination samples were assessed against the ancestral strain as
well as to the Beta, Delta and Omicron BA.1 variants of concern
(VoC). This assay has been calibrated using the WHO international
standard for SARS-CoV-2. Percent inhibition results were con-
verted to IU/mL titers using an online tool validated for the ances-
tral strain [14]. The conversion was not performed for the VoCs.
2.3. Statistical analysis

Statistical analyses were performed using SPSS v27 software.
SARS-CoV-2 IgG titers are summarized as geometric means with
95% confidence intervals. SARS-CoV-2 neutralising antibody
responses are expressed as percentage inhibition. These responses
were log10 transformed and summarized as back-transformed per-
centage inhibition means with 95% confidence intervals. The mean
levels are compared between demographic groups defined by eth-
nicity, age, BMI, gender and individual and combined comorbidity
status using factorial ANOVA of log10 transformed values. Where
the ANOVA indicates significant effects, these were further
explored within factors using Fisher’s protected least significant
difference test and summarised as geometric mean ratios with
95% confidence intervals. Pearson’s correlation coefficients (r) were
used to determine the correlation between titers obtained by the
SARS-CoV-2 IgG anti-S assay and the surrogate viral neutralisation
assay. Comorbidity prevalence was compared between ethnicity
groups using logistic regression analyses adjusting for age and
BMI groups. Statistical significance was set at p < 0.05. Graphical
representation of the data was performed using R (version 4.0.3)
and RStudio (version 1.3.1093).
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2.4. Ethical approval and Māori consultation

The study was approved by the New Zealand Ministry of Health
COVID-19 Emergency Response Health and Disability Ethics Com-
mittee (21/NTB/117). Māori consultation was provided by repre-
sentatives in the study site communities, and Te Urungi Māori
advisory group of the Malaghan Institute of Medical Research.
3. Results

This report contains primary immunology findings through
28 days after second vaccination for all participants. From 10 June
2021 to 18 September 2021, 331 individuals were screened and
298 enrolled into the study (Fig. 1). 13 participants (4.4%) with-
drew or were excluded from analysis prior to the primary
immunology timepoint at Visit 3, 28 days after the second vaccina-
tion (Fig. 1). In the 285 participants analysed, there were no reports
of previous COVID-19 infection. Study participant age ranged from
16 to 92 years (median 52 years, IQR 36–66) and 156 (55%) were
female. For analysis of ethnicity the New Zealand census category
of European was used and includes New Zealand European as well
as other Europeans. The proportions of Māori and Pacific peoples
were higher than the general population according to the 2018
New Zealand census, 30.2% v. 16.2% for Māori, and 28.1% v. 6.6%
for Pacific peoples (Table 1). The European subgroup had a higher
median age (62 years) than Māori (50 years) or Pacific peoples
(43 years). Overweight and obesity were highly prevalent among
the study population (84%) which was also characterized by rela-
tively high prevalence of other comorbidities associated with
increased COVID-19 morbidity. After controlling for age differences
among ethnic subgroups, there were statistically significant differ-
ences in the prevalence of overweight, obesity, cardiac disease,
pulmonary disease and diabetes among ethnic subgroups. Type 2
diabetes was more common among Pacific peoples than other
groups, across all age strata (Fig. 2). The study did not target
immunocompromised populations and excluded participants on
immune suppressive or immunomodulatory medication.

All participants received two doses of BNT162b2. Approxi-
mately 73% of participants maintained the 21 day interval. The
shortest interval was 15 days and the longest interval was 88 days
between first and second dose.

3.1. Seropositivity after vaccination

At baseline prior to vaccination, anti-NC IgG was negative in all
participants indicating no current or prior COVID-19 infection
(data not shown). All but one participant had negative anti-S IgG
levels at baseline (Fig. 3a). The participant had negative anti-NC
IgG at baseline, no history of known COVID-19 infection, infected
contacts or vaccination. At 28 days after second vaccination, 284
(99.6%) of participants had detectable Anti-S IgG (Fig. 3a). The only
non-responder was > 75 years of age with a chronic hematologic
cancer, treated with steroids. This participant subsequently
received a third primary vaccine dose as well as a booster (4th
dose) consistent with national guidelines for immunocompro-
mised people.

3.2. Quantitative antibody response after vaccination

At 28 days after second vaccination, anti-S IgG antibody levels
were high across gender and ethnic groups (Table 2, Fig. 3b,
Fig. 3c). Geometric mean titers (WHO IU/mL) were similar between
males and females. In an adjusted analysis controlling for age, eth-
nicity and BMI, GMT declined with increasing age: 1809 (95% CI
1446–2263) in participants 16–34 years of age, 1357 (95% CI



Fig. 1. Participant flow through the study.
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1089–1691) in participants 35–54 years of age, and 842 (95% CI
691–1027) in participants � 55 years (p < 0.001). Looking more
closely at the � 55 years of age group, GMTs did not differ signif-
icantly between 55 and 64 years of age and 65–74 years of age
groups but were significantly lower in � 75 years of age group
(Table 3). GMT for participants � 75 years of age was approxi-
mately half that of the 65–74 years age group (geometric mean
ratio (GMR) 0.517) (p < 0.001). In contrast, GMT for participants
16–34 years of age was significantly higher than other groups, with
GMR of 1.35 compared to 35–54 years of age group, 1.58 compared
to 55–64 years of age group, 2.0 compared to 65–74 years of age
group, and 3.9 compared to � 75 years of age group.

BMI was not significantly associated with anti-S IgG antibody.
Pacific peoples were more likely to have lower GMTs (p = 0.025).
However, when controlling for the higher prevalence of diabetes
in Pacific peoples subgroup (21%), GMTs did not differ by ethnicity.
In an adjusted analysis of anti-S IgG antibody GMTs by comorbidity
status, controlling for age, ethnicity and BMI, participants with dia-
betes had lower GMTs, 770 (95% CI 528–1121), compared to partic-
ipants without diabetes, 1209 (95% CI 1053–1387) (p = 0.022).
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3.3. Neutralising antibody response to ancestral strain (Wuhan) after
vaccination

At baseline prior to vaccination, neutralising antibody
responses to SARS-CoV-2 ancestral strain (Wuhan) were negative
in all participants. At 28 days after second vaccination, almost
every participant, 284 (99.6%) had neutralising responses to the
ancestral strain on which the BNT162b2 vaccine is based (Fig. 4).
Neutralisation capacity against ancestral strain was consistently
high, with mean 94.2% inhibition (95% CI 93.7–94.6). Similar to
binding antibody, neutralising responses were robust and did not
differ across gender, ethnicity or BMI groups, but were associated
with age (Table 2, Fig. 5). Converting to WHO IU/mL, neutralising
titers declined with increasing age: 1448 (95% CI 1191–1760) in
participants 16–34 years of age, 1341 (95% CI 1107–1625) in par-
ticipants 35–54 years of age and 919 (95% CI 773–109) in
participants � 55 years (p = 0.001). In an adjusted analysis of neu-
tralising antibody GMTs by comorbidity status, controlling for age,
ethnicity and BMI, participants with diabetes had lower neutralis-
ing GMTs, 710 (95% CI 513–981), compared to participants without
diabetes, 1188 (95% CI 1054–1338) (p = 0.003). Neutralising



Fig. 2. Presence of diabetes by age and ethnicity. Histogram showing bars for each ethnicity within each age grouping (see Ethnicity legend for corresponding colours).
Within each bar, opaque colors and corresponding labels indicate the counts for those with diabetes within each group.

Table 1
Study participant demographics.

% (n) Median
age (IQR)

Comorbidities

Obesity%
(n)

Overweight %
(n)

Cardiac %
(n)

Hypertension %
(n)

Diabetes %
(n)

Pulmonary %
(n)

�2 Comorbidities
% (n)

All Participants 285 52 (36–66) 56.1 (160) 28.1 (80) 20.4 (58) 18.6 (53) 9.8 (28) 16.1 (46) 35.8 (102)
Gender
Female 54.7 (156) 50 (34–65) 55.1 (86) 28.8 (45) 20.5 (32) 19.2 (30) 9.6 (15) 21.2 (33) 39.1 (61)
Male 44.9 (128) 55 (39–66) 57.0 (73) 27.3 (35) 20.3 (26) 18.0 (23) 10.2 (13) 10.2 (13) 32.0 (41)
Non-binary 0.4 (1) 31 100.0 (1) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0)
Age
16–34 24.6 (70) – 49.0 (35) 21.4 (15) 2.9 (2) 2.9 (2) 1.4 (1) 11.4 (8) 11.4 (8)
35–54 30.5 (87) – 65.5 (57) 31.0 (26) 11.5 (10) 11.5 (10) 12.6 (11) 21.8 (19) 36.8 (32)
� 55 44.9 (128) – 53.1 (68) 30.5 (39) 35.9 (46) 32.0 (41) 12.5 (16) 14.8 (19) 48.4 (62)
� 65 25.6 (73) – 52.1 (38) 27.4 (20) 49.3 (36) 43.8 (32) 15.1 (11) 15.1 (11) 54.8 (40)
Ethnicity
European 41.8 (119) 62 (49–76) 41.2 (49) 33.6 (40) 26.9 (32) 24.4 (29) 5.9 (7) 13.5 (16) 37.0 (44)
Māori 30.2 (86) 50 (35–59)** 60.5 (52)** 30.2 (26) 16.3 (14)* 14.0 (12) 4.7 (4) 25.6 (22)* 37.2 (32)
Pacific peoples 28.1 (80) 43 (26–53)** y 73.8 (59)** 17.5 (14)* 15.0 (12)* 15.0 (12) 21.3 (17)** yy 10.0 (8)** yy 32.5 (26)

Obesity BMI � 30 kg/m2; Overweight BMI > 25 kg/m2 and < 30 kg/m2.
Cardiac includes heart failure, coronary artery disease, cardiomyopathy, hypertension.
Diabetes is primarily type 2 with a single case of type 1.
Pulmonary includes chronic obstructive pulmonary disease, moderate to severe asthma and smoking or vaping.
Pacific peoples includes Samoan (45), Tongan (11), Tokelauan (9), Cook Island Māori (7), Fijian (5), Other (3).

* p < 0.05 v European.
** p < 0.01 v European.

y p < 0.05 v Māori.
yy <0.01 v Māori.
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responses measured by sVNT correlated well with anti-S IgG anti-
body responses, correlation coefficient r2 = 0.795 (data not shown).

3.4. Neutralising antibody response to variants of concern after
vaccination

At 28 days after second vaccination almost every participant,
284 (99.6%) had antibodies that cross-neutralized Beta and Delta
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strains but only 36 (12.6%) had antibodies that cross-neutralized
the Omicron BA.1 strain (Fig. 4). Neutralisation capacity against
Delta and the ancestral strain were high, with means of 94.9%
and 94.2% respectively. Neutralisation of Beta was significantly
lower than ancestral and Delta strains, mean inhibition of 86%
(p < 0.001). Neutralising responses to Omicron BA.1, where pre-
sent, were 13-fold lower than responses to ancestral strain
(p < 0.001), with only 11 participants with > 50% inhibition. Older



Table 2
SARS CoV-2 anti-S IgG and neutralising antibody responses after 2 doses of BNT162b2 vaccine, adjusted for age, ethnicity and BMI.

Anti-S IgG Neutralising antibody (ancestral strain)

GMT (AU/ml) 95% CI GMT (WHO IU) 95% CI % inhibition 95% CI GMT (WHO IU) 95% CI

Gender
Female 8558 7258–10092 1215 1031–1433 94.4 93.7–95.0 1206 1044–1393
Male 9514 7929–11415 1351 1126–1621 94.5 93.8–95.2 1223 1043–1434
Age
16–34 12,739 10184–15934 1809* 1446–2263 95.3 94.5–96.0 1448y 1191–1760
35–54 9556 7667–11910 1357* 1089–1691 94.9 94.0–95.6 1341y 1107–1625
� 55 5932 4868–7229 842* 691–1027 93.0 91.9 919y 773–1091
Ethnicity
European 9327 7736–11246 1325 1099–1597 94.4 93.6–95.1 1173 996–1381
Māori 10,759 8662–13366 1528 1230–1898 95.1 94.3–95.8 1414 1170–1708
Pacific peoples 7196** 5694–9093 1022 809–1291 93.8 92.7–94.7 1076 877–1320
BMI
�25 mg/m2 9323 6853–12683 1324 973–1801 94.7 93.5–95.7 1309 1001–1712
>25 kg/m2 - <30 kg/m2 7873 6434–9634 1118 914–1368 94.1 93.2–94.9 1121 940–1337
� 30 kg/m2 9838 8463–11437 1397 1202–1624 94.5 93.9–95.1 1215 1066–1386
Diabetes
Present 770*** 528–1121 91.3 88.8–93.3 710� 513–981
Absent 1209 1053–1389 94.4 93.8–94.9 1188 1054–1338

* p < 0.001.
** p = 0.025.
*** p = 0.022.
y p = 0.001.
� p = 0.003.

Fig. 3. Unadjusted SARS-CoV-2 anti-S IgG responses by age and ethnicity. (A) Unadjusted log10 transformed WHO IU SARS-CoV-2 anti-S IgG responses for participants pre-
first vaccination and 28 days post-second vaccination, N = 285. (B) Data shown by age groupings, N = 285. (C) Data shown by major ethnicity categories from New Zealand
Census, N = 285. Solid horizontal line represents median and box represents interquartile range. The dotted line represents the log10 transformed value of the cut-off for a
positive result (7.1 WHO IU/mL).
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Fig. 5. Unadjusted SARS-CoV-2 neutralising antibody responses to ancestral strain at 28 days post-vaccination by age and ethnicity. Unadjusted percent inhibition against
ancestral SARS-CoV-2 strain in participants post-second vaccination separated by age groups (left pane) and separated by ethnicity categories (right pane), N = 285. Solid
horizontal line represents median and box represents interquartile range.

Fig. 4. Unadjusted SARS-CoV-2 neutralising antibody responses to ancestral at baseline, and to ancestral and VoCs at 28 days post-vaccination. Unadjusted percent inhibition
against ancestral SARS-CoV-2 strain in participants pre-first vaccination (left pane) and inhibition against ancestral, Beta, Delta, and Omicron BA.1 variants from participants
28 days post-second vaccination (right pane), N = 285. Solid horizontal line represents median and box represents interquartile range. Cut-off for positive results is 20%.

Table 3
SARS CoV-2 anti-S IgG responses after 2 doses of BNT162b2 vaccine, adjusted for ethnicity and BMI.

% (n) GMT (AU/mL) 95% CI GMR

Age
16–34 24.6 (70) 12,883* 10383–15986 1.0
35–54 30.5 (87) 9546 7720–11804 1.35
55–64 19.3 (55) 8136 6300–10506 1.58
65–74 9.1 (26) 6470 4520–9261 2.0
� 75 16.5 (47) 3344** 2465–4535 3.9

* p < 0.05 compared to each group.
** p < 0.001 compared to each group.
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age, but not ethnicity or BMI was associated with lower neutralis-
ing responses across VoCs (data not shown). Subjects showing any
inhibition (>20%) to Omicron BA.1 did not differ by ethnicity or
BMI, but were more likely be < 35 years of age (22.9%) than to be
35–54 years of age (10.3%) or � 55 years of age (8.6%). This trend
did not reach statistical significance (p = 0.059).
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4. Discussion

Seroconversion rates, antibody response magnitude and neu-
tralisation were consistently robust across gender, ethnicity, and
most age groups after 2 doses of the BNT162b2 mRNA COVID-19
vaccine in this cohort of New Zealanders, enriched for older adults,
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Māori and Pacific peoples. These findings are reassuring for New
Zealand where the COVID-19 immunization strategy relied primar-
ily on a single vaccine type across all populations.

This report represents one of the largest COVID-19 vaccine
datasets on immune response in Māori and in people of Pacific
Island background. It is reassuring to see no association of ethnicity
on the humoral immune responses evaluated here. BMI also had no
clear association with immune responses, in keeping with a recent
study of immune response after a single dose of BNT162b2 con-
ducted in New Zealand [15]. Increased BMI has been associated
with reduced immune response to other vaccines but not consis-
tently [16,17]. Māori participants had high rates of pulmonary dis-
ease, primarily asthma, which may contribute to higher
hospitalisation rates from COVID-19, but were not associated with
reduced vaccine response. In contrast, Pacific participants were
more likely to have diabetes, which was associated with reduced
antibody responses.

As most IgG and neutralising assays used in the pivotal vaccine
trials for COVID-19 vaccines were not standardized, it is difficult to
compare across studies. In the pivotal trial of the BNT162b2 vac-
cine, IgG and neutralising antibody were evaluated with in-house
assays in a population without previous SARS-CoV-2 infection that
was 55% white and 0% Pacific [18]. At 28 days post-second dose,
anti-S IgG titers were 7123 U/ml (95% CI 6217–8160) in ages 18–
55 years, and 3961 (95% CI 3007–5217) in ages 56–85 years. Neu-
tralising titers expressed as 50% neutralisation titers in a pseu-
dovirus assay were 399 (95% CI 342–466) and 255 (95% CI 206–
316) in ages 18–55 and 56–85 respectively. Real-world post-
vaccination data using commercially available, validated assays
are more readily comparable to the data in this study. Studies
found very high seroconversion rates after 2 doses of BNT162b2
across age groups, similar to our findings [19,20]. Anti-S IgG titers
were typically in the 3–4 log10 range (1000–10,000 U/mL), similar
to our findings. For example, a study in 483 primarily white and
female healthcare workers with median age 41 in the UK used
the Abbott Anti-S IgG Quant II assay and found a median titer of
10,058 AU/mL (95% CI 6408–15,582) in vaccinees without prior
infection 1 month post-second dose of BNT162b2 [19]. A
community-based study of 605 BNT162b2 recipients in the UK
with median age of 60 used the Roche Anti-S IgG assay and found
a median titer of 5311 U/mL (95% CI 3133–8829) a median of
42 days after second-vaccination [20]. Real-world data on neutral-
isation titer after 2 doses of BNT162b2 is typically reported using
live viral or pseudoviral assays with titers in the 2–3 log10 range.
For example, a study including 995 Israeli healthcare workers
who received BNT162b2 vaccine found 50% neutralisation titer of
557 (95% CI 511–608) at 20 days post-second dose using a pseu-
doviral assay [21]. The sVNT assay used in this study has been
shown to correlate with both pseudoviral and live viral neutralisa-
tion assays [22,23].

Both IgG and neutralising responses declined with age,
with � 75 years of age group significantly lower than other groups.
This trend was found for BNT162b2 and other COVID-19 vaccines
in both pivotal and real-world studies [18,24]. Lower immune
responses to vaccination in older adults have been noted against
several vaccine types and are generally attributed to immunose-
nescence and comorbidities. While IgG and neutralising titers
in � 75 year old age group were lower than other groups, they
were still in the range associated with efficacy in pivotal trials
and real-world studies of BNT162b2 and other mRNA vaccines
[15,25–27]. Vaccine efficacy appears to increase with increasing
IgG and neutralisation titer. In an analysis of a similar vaccine,
mRNA-1723, vaccinees with 50% neutralisation titers of 10, 100
and 1000 at 4 weeks after the second dose had estimated vaccine
efficacy of 78%, 91% and 96% [27]. However the � 75 year old age
group is at higher risk of antibody waning to sub-protective levels,
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as illustrated by more recent data showing waning antibody levels
and decreased vaccine efficacy in older adults at 4–6 months after-
second vaccination [6,28]. The current study findings support the
relevance of booster vaccinations in New Zealand to restore wan-
ing immunity particularly in older adults.

Antibody levels were reduced in participants with diabetes, pri-
marily type 2 diabetes. Diabetic participants were more likely to be
Pacific peoples. While participants with diabetes were included in
the pivotal trial of BNT162b2, limited data is available on antibody
levels in this population. A previous report included 81 people with
type 2 diabetes and found lower IgG and neutralising titers in this
group [29]. In contrast, another report included a mixture of 150
people with type 1 and type 2 diabetes with varying glycemic con-
trol and found no decline in IgG post-vaccination in diabetics, after
adjusting for age and sex [30]. However in a study of 572 type 2
diabetics and non-diabetics, neutralising titers measured by sVNT
were significantly lower in type 2 diabetics with elevated
HbA1c � 7% compared to non-diabetics and type 2 diabetics with
lower HbA1c [31]. A large post-vaccination study in the US includ-
ing 4931 healthcare workers estimated lower overall vaccine effi-
cacy after BNT162b2 in diabetics, 80.2% (95% CI 45.8–92.7),
compared to non-diabetics, 91.1% (95% CI 85.5–94.6) [32].
Follow-up data will be important to evaluate potential differences
in waning of immune response in this group. If significant waning
is demonstrated, an additional vaccine dose, similar to the three
dose primary regimen plus booster currently used in immunosup-
pressed populations, could be assessed. This follow-up is also
important from an equity perspective, given the higher rates of
diabetes in Pacific peoples.

Consistent with international data, neutralisation capacity after
2 doses of BNT162b2 was severely reduced against the Omicron
BA.1 variant with two-thirds of vaccinees having responses below
the assay cutoff [5]. In contrast, the high % neutralisation titer was
maintained against the Delta variant, with some decrease against
the more neutralisation resistant Beta variant. Samples from the
ongoing study will be assessed for VoC neutralisation after boost-
ing, which has been shown to improve neutralising titers against
Omicron BA.1 [5]. Future VoC can similarly be assessed to inform
the level of protection in the New Zealand population going for-
ward. Consistent with both international and local data, neutralisa-
tion correlated well with IgG antibody responses in this cohort
[10,27].

This study has several limitations. It does not assess vaccine
efficacy as there was little or no transmission during the study per-
iod described here. Only short term data through 28 days after 2
doses for the BNT162b2 vaccine is included. Understanding the
durability of immune responses in this cohort, and response to
booster doses will be important to assess the vaccination pro-
gramme and shape future policy. Cellular immune responses are
likely to be critical for both durability and breadth of COVID-19
vaccine-induced protection and are not included in the current
study. Comorbidities were assessed by medical history and did
not distinguish the duration or severity of disease, or whether
the condition was treated/controlled. Cardiac and pulmonary
comorbidities were grouped according to COVID-19 categories
and include several diseases with varying pathology which may
have diluted any potential associations with a single condition.
This study did not include severely immunocompromised popula-
tions. Use of a high throughput surrogate viral neutralisation assay
allowed rapid analysis for both ancestral and VoC responses, how-
ever there is less published comparative neutralisation data with
this assay.

Vaccine antibody responses to the BNT162b2 were generally
robust and consistent with international data in this COVID-19
naïve cohort with representation of key New Zealand and Pacific
populations at risk for COVID-19 morbidity. Subsequent data on
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response to boosters, durability of responses and cellular immune
responses should be assessed with attention to elderly adults and
diabetics.
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provided input on engaging Māori in the study. Mr John Treanor
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