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ABSTRACT
Background: COVID-19 has caused calamitous health, economic and societal consequences globally. 
Currently, there is no effective treatment for the infection.  
Areas covered: We have recently described the NZACE2-Pātari project, which seeks to administer 
modified Angiotensin Converting Enzyme 2 (ACE2) molecules early in the infection to intercept and 
block SARS-CoV-2 binding to the pulmonary epithelium.  
Expert opinion: Since the nasopharyngeal mucosa is infected in the first asymptomatic phase of the 
infection, treatment of the nose is likely to be safe and potentially effective. The intercepted virus will 
be swallowed and destroyed in the stomach. There is however a limited window of opportunity to alter 
the trajectory of the infection in an individual patient, which requires access to rapid testing for SARS- 
CoV-2. The proposed strategy is analogous to passive immunization of viral infections such as measles 
and may be of particular benefit to immunodeficient and unvaccinated individuals.
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1. Introduction

SARS-CoV-2, the zoonotic agent responsible for COVID-19 ori-
ginated in the Hubei province of China [1]. COVID-19 has 
caused catastrophic health, economic and societal conse-
quences globally. There is currently no universally effective 
treatment for the infection. Over the last fifteen months, an 
unprecedented international scientific effort has been 
launched to understand the infection and to develop new 
treatments and vaccines. References relevant to the current 
article have been identified from the published literature to 
11 March 2021. Only peer reviewed articles have been 
included. The reader is advised to seek up-to-date references 
as this field is changing each day.

2. Immunosenescence and co-morbidities

COVID-19 causes a steep age-related mortality gradient. Death 
rates approaching 30% were seen in those over 80 years of 
age in China and elsewhere [2]. In addition to older age, 
comorbidities including obesity, diabetes, hypertension, renal 
impairment, malignancy, pulmonary and cardiac disease were 
associated with poor prognosis. Precisely how these 

comorbidities influence adverse outcomes is incompletely 
understood.

Black and South Asian individuals are also vulnerable to 
severe disease [3]. Part of this ethnic/racial predisposition 
could be confounded by a higher prevalence of comorbidities 
and poor access to healthcare [4,5].

3. The phases of the infection

COVID-19 evolves in three overlapping clinical phases (Figure 
1) [6]. In the incubation period, the nasopharyngeal mucosa is 
infected [7]. The virus gains access to the respiratory epithe-
lium by binding angiotensin converting enzyme 2 (ACE2) on 
the cell surface [8]. Host proteases facilitate viral entry by 
cleaving the S1 subunit of the viral spike (S) glycoprotein, 
allowing the S2 subunit to fuse with the host cell [9].

Following fusion with the epithelial cell membrane, viral 
RNA is released, which hijacks cellular organelles for produc-
tion of progeny virions. Release of daughter virus causes 
destruction of host pneumocytes.

In older individuals and those with comorbidities, there is 
often progression to lung involvement. In this second pulmon-
ary phase, typically around day 5, patients experience 
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increasing breathlessness, fever, fatigue and myalgia. 
Laboratory correlates of worsening disease include neutrophi-
lia, lymphopenia, raised inflammatory markers including C – 
reactive protein (CRP) and ESR [11].

Around day 10, those destined to suffer the systemic phase 
will progress to acute respiratory distress syndrome (ARDS) 
and experience dysfunction of other target organs including 
the heart, brain, kidneys and activation of the coagulation 
cascade [12]. The systemic phase is associated with viral sepsis 
leading to a cytokine storm, with release of multiple cytokines 

including IL6. Persistent elevation of troponin may signify 
myocarditis leading to heart failure. Patients entering the 
systemic phase have a high mortality rate from multi-organ 
failure in spite of invasive ventilation and extra-corporeal 
membrane oxygenation (ECMO).

Survivors of COVID-19 are often left with disabilities includ-
ing strokes, myocarditis, renal impairment, pulmonary dys-
function and a condition similar to chronic fatigue syndrome 
[13,14]. ‘Long COVID’ is being increasingly recognized in 
COVID-19 survivors [15]. Their long-term prognosis is 
unknown. A pandemic psychiatric morbidity is likely to be 
a major consequence of COVID-19 [16].

In contrast to the severe outcomes noted above, in many 
cases the disease is mild and some patients are asymptomatic. 
The explanation for asymptomatic infection, even in older 
persons is poorly understood [17]. These asymptomatic indi-
viduals can however transmit the virus and are a logistical and 
societal challenge to countries attempting to eradicate the 
infection [18].

4. The immune response to SARS-CoV-2

The correlates of protective immunity to SARS-CoV-2 are not 
currently understood [19]. The initial nasal phase is largely 
asymptomatic. The virus engages a series of ploys to avoid 
detection and activation of the innate immune system [20]. 
Cytoplasmic pattern recognition molecules such as Toll-like 
receptors, RIG-like receptors, MDA5 and protein kinase 
R (PKR) are normally triggered by the presence of viral RNA 

Article highlights

● There is currently no effective treatment for COVID-19
● Safe and effective vaccines face financial and logistical challenges, 

which will hinder global deployment
● The virus initially infects the nasopharyngeal mucosa by binding cell- 

surface ACE2. By evading the innate immune system the virus is able 
to multiply exponentially and in some cases infect the lungs and 
other organs.

● Here we describe the potential use of recombinant modified ACE2 
molecules to target the virus in the nasal phase

● Treating the virus in the asymptomatic incubation phase may alter 
the prognostic trajectory of the infection

● If deployed globally with rapid testing, this treatment may help 
mitigate the ongoing pandemic

● Rapid viral evolution may render some vaccines and monoclonal 
antibodies ineffective

● In contrast, modified ACE2 molecules are likely to be effective even 
with rapid viral evolution, as the virus requires ACE2 to gain entry 
into cells

Figure 1. The three overlapping clinical phases of COVID-19 [6]. The asymptomatic (incubation) nasal phase is followed by the pulmonary and systemic phases 
leading to multi-organ failure in some patients. Administration of NZACE2-Pātari by a nasal dropper may intercept of SARS-CoV-2 leading to a reduced viral load and 
milder disease [35,36]. Stopping proton pump inhibitors (PPIs) may allow the stomach to function as an effective antiviral organ [10]. Because the drug will be 
administered several times a day, there will be no requirement to fast. * NZACE2-Pātari has been created but has not entered clinical trials at the time of writing. The 
simplest trial design would be to randomize unvaccinated households with an infected individual to receive either placebo or active drug to determine infection 
rates. This diagram was constructed from free images on the Internet.
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or its variants including double-stranded RNA during viral 
replication [20]. Viral endonucleases cloak the viral RNA pre-
venting activation of pathogen pattern recognition molecules 
[20]. In addition anti-interferon antibodies [21] impede the 
action of type 1 interferons [22]. During the initial five days, 
there is thus unopposed viral replication in the nasal mucosa. 
Other arms of the innate immune system such as NK cells are 
also rendered ineffective [23]. The complement cascade may 
have a role in aggravating the infection [24]. Activation of the 
inflammasome may lead to pyroptosis and could contribute to 
the cytokine storm in patients experiencing multi-organ fail-
ure [20].

The adaptive immune system is also subverted by the virus 
with the loss of CD8 cells [25]. The S protein is highly glyco-
sylated rendering it less immunogenic [26]. Humoral immunity 
to SARS-CoV-2 may not be protective and there is the possi-
bility of antibody disease enhancement (ADE) [27]. Some 
patients dying from the infection had both high viral loads 
and antibody titers, indicating these antibodies were unable 
to neutralize the virus. The in vitro correlates of ADE are only 
partially understood [28].

5. Treatment strategies for COVID-19

There is currently no universally effective curative treatment 
for COVID-19. Repurposing existing drugs has largely been 
disappointing with multiple trials showing the lack of efficacy 
of treatments such as hydroxychloroquine [29]. 
Dexamethasone has shown modest benefits for severely ill 
patients [30]. Although a large number of vaccines have 
entered production and in some cases emergency approval 
for use, they face many logistical challenges including global 
distribution, long-term efficacy and the risk of adverse effects 
including vaccine-induced ADE or thrombotic events. 
Selection of escape mutants by vaccines remains a concern. 
Very recently, the Astra-Zeneca vaccine was shown to be less 
effective against the South African variant (B.1.351) and the 
planned roll-out for HCWs has been suspended in South 
Africa. There are also increasing fears monoclonal antibodies 
such as bamlanivimab, casirivimab and indevimab may be 
rendered ineffective by viral evolution, particularly those bear-
ing the E484K substitution [31].

6. The NZACE2-Pātari project to treat COVID-19

We have recently described the NZACE2-Pātari project which 
aims to intercept SARS-CoV-2 and block infection of respira-
tory epithelial cells [32]. We have constructed modified ACE2 
molecules, which will be administered by an inhaler during 
the early phases of the infection [33,34]. We expect our drugs 
may mitigate the viral pneumonia and consequently reduce 
the risk patients will progress to the systemic phase of the 
infection, which carries high morbidity and mortality.

As part of this project, we also plan to administer the ACE2- 
derived drugs (NZACE2-Pātari) by the nasal route (Figure 1). In 
this article we explore the risks and benefits of nasal adminis-
tration of these drugs. We expect NZACE2-Pātari will result in 
a reduction in the number of virions that are able to infect the 

nasal mucosa. Consequently, there will be fewer virions that 
can reach the lungs by microaspiration. A lower viral burden at 
each stage of the infection may reduce the numbers of 
patients entering the pulmonary and systemic phases of the 
disease. Current data indicates a lower viral burden is asso-
ciated with milder disease [35,36]. Using this strategy, we 
expect disease severity will be mitigated.

7. Doses of modified ACE2 (NZACE2-Pātari) required to 
treat nasal infection

We have calculated the doses of ACE2 molecules needed to 
neutralize binding of SARS-CoV-2 to the nose as follows 
[36,37].
Viral particles/ml nasal fluid 
[36,37] = 1.4 x 10(6)/ml (some samples 
have higher values)
Spikes per virion = 57
Nasal extracellular fluid  = 5 ml (volume may be increased 
later in infection)
Total number of ACE2 molecules needed to bind every spike 
on every virus in the nose

= 57 x 5 x 1.4 x10(6)
ACE2 mw = 92 463kDa (with CHO) kg/mol
Avogadro’s number = 6.02 x 10(23)/mol
Amount of ACE2 to bind every spike  

= 1.5 x 10(7) x 57 × 5 x 9.246 x10 
(4)/6.02 x 10(23)

= 7.9 x 10(−9) kg
= 7.9 µg ACE2

If spike is a trimer x3 = 23.7 µg ACE2

8. Administration of NZACE2-Pātari to the nose

Nasal NZACE2-Pātari can be easily administered by a dropper 
(Figure 1). A dropper is a low-pressure device and is unlikely to 
denature the molecules by shear stress. NZACE2-Pātari will be 
administered with patients leaning back over the bed and 
then rotating their head laterally to ensure coverage of the 
nasal mucosa. Patients would receive 4 mg of NZACE2-Pātari 
to the nose over 2 days. From the calculations presented here, 
we would expect SARS-CoV-2 to be overwhelmed by NZACE2- 
Pātari, which stoichiometrically far exceeds the number of 
virions (by approximately 170x). Some studies have suggested 
higher nasal viral loads (1.5x 10 (7)) but most virus will likely 
be bound to NZACE2-Pātari [38].

Nasal secretions may increase toward day 5 of infection, 
but the proposed dose should compensate for higher nasal 
mucous production. Furthermore, viral titers decrease toward 
the end of the nasal phase [38]. Repeated administration of 
the drugs over 2 days will substantially reduce the viral load 
and may alter the trajectory of the infection (Figure 1). The 
SARSCoV-2/NZACE2-Pātari complexes will reach the pharynx 
by naso-ciliary transport and be swallowed leading to hydro-
lytic destruction in the stomach as discussed below. It is 
acknowledged some viral particles may escape binding to 
NZACE2-Pātari, particularly if there is a delay in diagnosis but 
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we expect the overall viral burden will be reduced, mitigating 
disease severity [35].

9. Advantage of the nasal route

The NZACE2-Pātari project exploits a critical vulnerability of 
the virus, which is the obligate requirement for the receptor- 
binding domain (RBD) of the S glycoprotein to bind cellular 
ACE2 to infect cells. The RBD is therefore a stable target for 
antiviral strategies and unlikely to mutate, without loss of 
pathogenicity [39].

The nasal route for therapeutic administration is very 
attractive for several reasons. Delivery of drugs to the site of 
infection allows smaller doses to maximize therapeutic effect 
and minimize adverse reactions. The administration of nasal 
drops is simple, it does not require any special skill and self– 
medication is possible once dispensed by a health-care worker 
(HCW). Therefore, nasal delivery increases the likelihood of 
patient compliance and reduces treatment cost.

The solution used to reconstitute these products is simple. 
The formulation will include a protein such as human serum 
albumin to stabilize NZACE2-Pātari. It will also contain 
mucoadhesives to increase the duration of the drug in the 
nasal cavity. The drugs could be lyophilized and reconstituted 
when needed. This would allow the easier global deployment 
of the drug as transporting lyophilized proteins carries low risk 
of inactivation in hostile environmental conditions around the 
world.

Overdosage is unlikely to be a problem. These drugs are 
likely to have a high therapeutic index. Any excess drug will be 
swallowed and hydrolyzed in the stomach. We expect excess 
drug also to be transported to the pharynx, which may pro-
vide anti-viral activity for the SARS-CoV-2 throat infection. 
A further advantage of the nasal route is that a portion of 
drugs could reach the brain from the nasal cavity [40]. The 
brain is a primary target for SARS-CoV-2 and if NZACE2-Pātari 
enters the brain it may provide a direct neuroprotective effect 
against the virus [41,42]. We acknowledge NZACE2-Pātari will 
have no efficacy in patients who develop viral sepsis leading 
to neurological damage.

In the initial nasal incubation phase of COVID-19 there is 
minimal inflammation hence the patient is asymptomatic. This 
offers NZACE2-Pātari the advantage of reduced degradation 
by cellular proteases, which could otherwise shorten the drugs 
half-life. Furthermore, in the absence of severe inflammation, 
an intact muco-ciliary clearance system allows transit of SARS- 
CoV-2/NZACE2-Pātari complexes to the pharynx. Once swal-
lowed, this will lead to hydrolytic destruction of the virus in 
the stomach, as detailed below.

10. Safety, potential risks and adverse reactions to nasal 
NZACE2-Pātari

The nose appears to be very safe compared to most other 
routes of drug delivery. Administration of drugs to the nose 
such as erythropoietin or glucagon did not cause serious 
adverse reactions [43,44]. Similarly, nasal ketorolac challenges 
in highly sensitized Samter’s triad patients rarely caused 
bronchospasm [45].

The angiotensin converting catalytic site of NZACE2-Pātari 
has been rendered inactive by a single amino acid substitution 
(R273A) while the affinity for the virus has been improved by 
removing an N-glycosylation site (N90D). ACE2 catalyses the 
production of angiotensin 1–7 and 1–9, which have a role in 
blood pressure control [46]. We would not expect adverse 
cardiovascular events with supraphysiological doses of inacti-
vated ACE2 administered to the nose, even if some of the drug 
enters the circulation. A biosimilar drug, APN01 (containing 
the active ACE2 catalytic site) was well tolerated in high doses, 
when administered intravenously for ARDS [47]. Since the 
correlates of protective immunity for COVID-19 are not under-
stood, we are not administering modified ACE2 conjugated to 
an Fc receptor. The consequences of early activation of macro-
phages are unknown at this time. There is a risk this could 
trigger ARDS. Such conjugates could be considered in the 
future, with better understanding of the immunological con-
undrum posed by SARS-CoV-2.

Nasal adverse reactions are typically allergies and given the 
short duration of treatment, we would not expect patients to 
become sensitized to the modified ACE2 drugs. Any such local 
reaction can be treated with a decongestant or an antimus-
carinic agent such as Ipratropium. A short course of treatment 
is unlikely to trigger an autoimmune neurological disorder. 
These risks must be balanced against a lethal infection with 
a propensity to cause severe long-term disability, for which 
there is no widely available curative treatment.

11. The role of the stomach in mitigating COVID-19

The stomach is likely to play an important role in the defense 
against SARS-CoV-2 (Figure 1) [48]. The virus is inactivated by 
pH ranges (1.5–3) found in the stomach [49]. It is likely much 
of the virus from the nasal infection is swallowed and 
destroyed in the stomach [48].

There are now multiple studies showing that the use of 
proton pump inhibitors (PPIs) is associated with worse out-
comes in COVID-19 [50,51]. There is more than one interpreta-
tion of this observation. First, it is possible the active viral 
burden is increased by a high stomach pH. This would allow 
intact virus to travel to the small intestine and gain entry 
through gut epithelial cells [52]. Diarrhea and abdominal dis-
comfort can be symptoms of COVID-19 [53].

Secondly, the use of PPIs may be more common in those 
with obesity and type 2 diabetes. These individuals are at 
increased risk of gastroesophageal reflux (GER). It is possible 
the use of PPIs allows the stomach to act as a reservoir for 
active virus, which leads to greater microaspiration into the 
lungs from GER.

Recent data from China suggests that young HCWs 
exposed to greater inocula of the virus before the use of 
personal protective equipment (PPE), had more severe out-
comes [54]. The result of increased GER with active virus might 
have the same consequence as those exposed to a greater 
pulmonary inoculum of the virus before the use of PPE. Lower 
rates of GER in children may be an important age-related 
protective factor against COVID-19 and may be one explana-
tion for severe outcomes for those with obesity and type 2 
diabetes.
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In the absence of effective antiviral drugs, the stomach will 
play an important role in destroying swallowed SARS-CoV-2 
complexed to NZACE2-Pātari (Figure 1). A critical part of our 
strategy is to stop PPIs temporarily. The stomach would no 
longer serve as a reservoir of active viral particles to aggravate 
the pneumonitis or to gain entry through the gut. Alternatives 
to PPIs may need to be considered including metoclopramide 
for symptomatic GER. Elevating the bed at night and avoiding 
dinner just before bedtime are other simple measures to 
reduce GER.

12. Clinical utility

NZACE2-Pātari is best suited to treating unvaccinated patients 
in the earliest phases of the disease [32]. They could be 
deployed at the onset of a disease outbreak in a nursing 
home, when unvaccinated patients first test positive. They 
could be used in prisons and refugee centers, where physical 
and social distancing is difficult.

NZACE2-Pātari may have a role at the NZ border to treat 
infected travelers and their contacts. These drugs could be 
used for infected staff at the border including military and 
hotel personnel. If effective, they will assist front-line hospital 
nursing and medical staff, who are at high risk of infec-
tion [55].

NZACE2-Pātari may mitigate community outbreaks, where 
unvaccinated contacts can be rapidly traced, tested and 
offered treatment if they are infected. This will reduce the R0 
of the virus. This will have major economic benefits as it may 
reduce the need for stringent quarantines.

This strategy may be particularly effective for unvacci-
nated patients with comorbidities including obesity and 
diabetes, who are at risk of severe outcomes. It may also 
be beneficial for infected Māori and Pacifika patients who 
have an increased burden of comorbidities and would be 
expected have severe outcomes [3]. Intervention rates in 
Māori and Pacifika patients have been shown in multiple 
studies to lag behind patients of other ethnicities, which 
could contribute to severe outcomes [56]. COVID-19 is likely 
to exacerbate preexisting economic, health, and social dis-
parities in vulnerable groups [4,57].

Because multiple new SARS-CoV-2 variants, the B.1.1.7 
(UK), B.1.1.248 (Brazil), B 1.617 (India),B.1.427/B.1.429 
(California) and B.1.351 (South Africa) require ACE2 to gain 
entry, we would expect NZACE2-Pātari to remain effective. 
NZACE2-Pātari will also serve as insurance against future 
coronavirus infections utilizing ACE2 to gain entry into 
cells. It will also assist in the unfortunate event where 
COVID-19 vaccines cause ADE in some patients [58]. This 
could cause serious reputational damage to vaccines in 
general, leading to resurgence of vaccine-preventable dis-
eases [59–61]. In the event SARS-CoV-2 vaccines cause ADE, 
NZACE2-Pātari could mitigate the situation by outcompet-
ing such vaccine-induced antibodies.

They could be of benefit to immunodeficient patients and 
the elderly, who respond poorly to many vaccines [62–65]. 
Many immunodeficient patients are also disadvantaged as 
they have pulmonary disease from the infective and inflam-
matory sequelae of immune system failure. If proven to be 

safe and effective, these drugs will help a broad array of 
unvaccinated, infected  individuals early in the disease.

13. Caveats

Our strategy is analogous to administering normal immune 
globulin as postexposure prophylaxis for measles. We plan to 
treat newly diagnosed unvaccinated patients in the presymp-
tomatic nasal phase (Figure 1). These patients will have 
a positive SARS-CoV-2 test, ideally by PCR or by a rapid anti-
gen test. Testing is a challenge in many parts of the world and 
turnaround times vary greatly for PCR tests. The PCR result or 
antigen detection test should be available on the same day. If 
proven safe and effective, the global deployment of NZACE2- 
Pātari will depend on access to rapid testing for SARS-CoV-2.

In the event a patient receives NZACE2-Pātari treatment in 
the absence of disease, it is however very unlikely this will 
cause adverse effects. Ideally, patients should only need treat-
ment once, to minimize the small risk of sensitization to 
NZACE2-Pātari, which has two amino acid differences from 
wild-type ACE2. Again, an adverse reaction is likely to result 
in temporary nasal obstruction.

The nose is a very attractive route to safely treat COVID-19, 
given the limited understanding of the correlates of protective 
immunity. There is however a small window of opportunity to 
influence disease severity. As noted above, nasal NZACE2- 
Pātari is less likely to be effective once patients enter the 
pulmonary and systemic phases. The key to success is early 
identification and treatment of COVID-19 patients in the pre-
symptomatic nasal phase.

4. Expert opinion

Since SARS-CoV-2 binds cell surface ACE2 to infect cells, 
this represents an attractive target to intercept the virus. 
Mutation of the receptor-binding domain of the viral spike 
glycoprotein is unlikely to be tolerated without loss of 
pathogenicity. The receptor-binding domain is thus 
a stable target for antiviral strategies.

The viral infection evolves in three overlapping clinical 
stages; the nasal, pulmonary and systemic phases. SARS- 
CoV-2 deploys strategies to avoid provoking an inflamma-
tory response during the initial nasal incubation period. As 
a result, the virus is able to exponentially multiply, unchal-
lenged. Patients destined to have more severe disease 
then progress to the pulmonary and systemic phases 
with dysfunction of multiple organs including the lungs, 
brain, heart and kidneys as well as the coagulation cas-
cade. Targeting the nose during the incubation period is 
thus an attractive strategy before the second pulmonary or 
third systemic phases, for which there is no universally 
effective treatment.

In the absence of widely available effective antiviral drugs, 
we have identified the stomach as a key antiviral organ. The 
virus is destroyed by low pH levels typically found in the 
stomach. Current data indicates patients being treated with 
proton pump inhibitors have a high mortality. Our interpreta-
tion of this data is that the swallowed virus remains intact in 
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patients on PPIs and can infect the lungs by gastroesophageal 
reflux or gain access to other organs through cells of the small 
intestine.

The nose and the stomach are, therefore, the key organs 
allowing interception and destruction of the virus before 
the pulmonary and systemic phases of infection. Treating 
the nose is very attractive as there is a very low risk of 
adverse effects and furthermore, treating the site of infec-
tion requires minimal doses of the drug. Our calculations 
based on published data show that the virus can be over-
whelmed with a total dose of 4 mg, particularly if the 
modified ACE2 molecules (NZACE2-Pātari) have a higher 
affinity for the virus compared to wild-type ACE2 mole-
cules expressed on the cell surface. Treating the nose with 
frequent dosing will intercept each wave of daughter virus 
released from the nasal mucosa.

NZACE2-Pātari can be synthesized in molecular biology 
laboratories and lyophilized for easy transport globally. The 
drug can be easily reconstituted and self-administered by 
a nasal pipette. The risk of nasal adverse effects is very low 
and can be treated with a decongestant. If the treatment is 
coupled with a point of care rapid antigen test, treatment 
could be commenced within 24–48 hours of infection. 
Early treatment is the key to mitigating disease severity 
and reducing viral transmission.

NZACE2-Pātari could be deployed in many clinical set-
tings including outbreaks of the virus in nursing homes, 
prisons, refugee camps and other areas where social and 
physical distancing is difficult. If safe and effective, this 
strategy may mitigate disease severity in individual unvac-
cinated patients and may rapidly bring the infection under 
control, if there is a new cluster of infection.

Repurposing existing drugs for COVID-19 has been dis-
appointing. The recent successes of the Pfizer, Moderna, 
Johnson & Johnson and Astra-Zeneca vaccines are 
encouraging but not all patients will be protected by 
vaccines. Immunodeficient patients may not respond to 
vaccines. Similarly, those who are not immunized will 
have no protection against the virus and its variants. 
Escape mutants as noted above with the Astra-Zeneca 
vaccine, remain a serious concern. The recent description 
of rare cases of vaccine associated/induced thrombosis and 
thrombocytopenia could cause reputational damage to 
adenovirus based vaccines. Furthermore, the stringent sto-
rage and transport requirements for mRNA-based vaccines 
will create logistical challenges. If proven to be safe and 
effective, NZACE2-Pātari may mitigate the health crises in 
countries such as Brazil and India until new drugs and 
vaccines are developed and widely deployed.
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