Feedback from operational stakeholders who manage or respond to outbreaks is that they are often too
busy to review literature or obtain relevant background information to assist them with acute response.
Unlike a traditional analytical outbreak investigation report, Watching Briefs are intended as a rapid
resource for public health or other first responders in the field on topical, serious or current outbreaks,
and provide a digest of relevant information including key features of an outbreak, comparison with past
outbreaks and a literature review. They can be completed by responders to an outbreak, or by anyone
interested in or following an outbreak using public or open source data, including news reports.
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COVID-19 Variants of Concern in Australia, September 2020- April 2021
Danielle Hutchinson, Hermione Williams and Haley Stone
University of New South Wales, Sydney, Australia
Original (reference strain): Wuhan, Hubei Province, China Late December 2019
(1). First confirmed case in Australia 25/1/20 (2).
Dates of first confirmed variants:

Date of first report
of the outbreak
In Australia

D614G
24/03/20 (3)
B.1.1.7
30/11/20 (3)
B.1.351
10/12/20 (3)
P.1
1/3/21 (3)
CAL (B.1.427/B.1.429) 8/12/20 (3)
B.1.525
6/1/21 (3)
B.1.617
1/12/20 (3)

COVID-19 variants:
D614G Spike D614G amino acid change (from original Wuhan reference strain,
dominant globally since March 2020) (4).
B.1.1.7 (501Y.V1 UK/Kent Variant) – first emerged in the UK in September 2020
and has multiple mutations in spike protein: S:N501Y, SP681H: Adjacent to
S1/S2 furin cleavage site, and also deletions Δ69–70, and Δ144/145 (5).
B.1.351 (501Y.V2 South African Variant) – first sequenced in South Africa in
October 2020, after a peak in new infections in the Nelson Mandela Bay area,
after a short decline following the first wave (6). B.1.351 has multiple mutations in
spike protein: S:N501Y, S:E484K, S:K417N, S:D80A, with deletions Δ242–244
(5).
Disease or
outbreak

P.1 (501Y.V3 Brazil Variant) - first sequenced January 6 2021 in travellers
entering Japan from Brazil, is believed to have emerged in 2020 in Brazil (5). P.1
has multiple mutations in spike protein: S:N501Y, S:E484K, S:K417N, S: H655Y
(5).
CAL (B1.427/B1.429) (20C/S:452R Californian variant) – first emerged in
California, USA in October 2020 and has mutation L452R (5).
B1.525 (Nigerian/Denmark variant) first emerged in Nigeria in December 2020 (6).
B.1.525 has multiple mutations in spike protein: Q:F888L, S:E484K: , S:Q677H,
deletions Δ69/70, Δ144 and also exhibits mutations in N-protein (5, 7).
B.1.617 - Consists of 3 distinct lineages, B.1.617.1, B.1.617.2 (first detected in

India in December 2020), and B.1.617.3 (first detected in India in October 2020)
(5). There is little known about the variant at this time, however it shares key
mutations with other VOCs (5).
Original (reference strain): Wuhan, Hubei Province, China
D614G March 2020 (4)
B.1.1.7 September 2020, Kent/UK (8)
B.1.351 Found in samples dating back to October 2020, South Africa (5)
Origin (country,
city, region)

P.1 first detected on January 6 but had reported to have arose in 2020 (5)
CAL (B.1.427/B.1.429) October 2020 California USA (9)
B.1.525 (December 2020 Nigeria (10))
B.1.617 B.1.617.1, B.1.617.2 (first detected in India in December 2020), and

B.1.617.3 (first detected in India in October 2020) (5).

SARS-COV-2 is assumed to have a zoonotic origin, however the specific animal
source remains elusive (1). The virus has undergone genetic mutation when
replicating through continued human-to-human transmission (11). The original
strain in Wuhan was replaced globally by D614G after March 2020 (4). This strain
dominated through 2020, but by September 2020, new variants began emerging
independently in multiple locations, with the UK, South African and Brazilian
variants arising around the same time independent of each other (12). Until then
it was believed that coronavirus was a more stable virus than influenza, and that
mutations were less frequent (4). However, the rate of mutation observed has
been similar to influenza A (13).
Suspected Source
(specify food
source, zoonotic or
human origin or
other)

One theory that has been proposed to explain the mechanisms of mutations of the
spike protein arising simultaneously at geographically separate locations is that
prolonged infection in immunocompromised hosts may drive antigenic evolution
(14). During virus replication in persistent infection, the variations that occur
involve recurrent deletions in the spike protein, which confer resistance to
neutralising antibodies (13). Usually coronaviruses acquire genome substitutions
slowly, however this pattern of acquiring deletions in the immunocompromised
patient may accelerate the evolution of SARS-CoV-2 and cause emerging
variants, with adaptive features of immune escape and increased infectivity
(13,15). The use of convalescent plasma in immunocompromised patients is
associated with emergence of viral variants, as “selective pressure” causes
viruses with mutations to survive (15).
Viral evolution has also been shown in asymptomatic patients and viral shedding
can occur for more than 70 days after diagnosis due to impaired viral clearance
(16). This may lead to increased transmission, as the current isolation
recommendations are inadequate for the population group (14).

Date of outbreak
beginning
Date outbreak
declared over
Affected countries
& regions

Number of cases
(specify at what
date if ongoing)

October or November 2019 (original strain), with first cases detected in
December 2019 (1)
N/A
Global
The detection of variants depends on sequencing capacity, which varies widely
between countries. Therefore global estimates below are a function of testing and
genomic sequencing capacity, as well as incidence. Testing and sequencing rates
in Australia have been high.
As at 8/5/21:

Global

Confirmed cases

156 921 961 29 906(17)

VOC as at 5/5/21
D614G globally dominant strain (16)

Australia

B.1.1.7
558 583
Detected in 108 countries (4)

353

B.1.351
14 747
Detected in 67 countries (4)

37

(3)

P.1
11 092
Detected in 31 countries

7

(3)

B.1.525
3 333
Detected in 11 countries

9

(3)

CAL (3/4/21)
38 598
Detected in 37 countries

18

(3)

B.1.617
3 781
Detected in 18 countries

79

(3)

(3)

Figure 1. Proportion of VOC sequenced in Australia Nov 2020 - 3/4/2021 (GISAID, 2021)

COVID-19 infections commonly cause fever, cough, dyspnoea, fatigue,
headache and loss of taste/smell (18).

Clinical features

Severity
The main factors in hospitalization and death due to SARS-CoV-2 infection are
comorbidities and patient age (19). Compared to the previously circulating Wuhan
strain:
D614G Previously considered to have no increase in disease severity
(hospitalization), however it has been associated with increased mortality, and
could result in increased case severity through higher viral loads (20).

B.1.1.7 Estimated risk of mortality is increased (from 2.5 to 4.1 deaths per 1,000
cases) (21,22). Average infections last 13.3 days compared with 8.2 days for other
variants (23).
B.1.351 At this stage, no evidence to suggest increased severity of disease (24).
Vaccine escape has been described, with reduced efficacy to several vaccines,
as low as 0-10% efficacy for the ChadOx1 vaccine (25).
P.1 infections have been shown to have a higher mortality, by 1.1-1.8 times,
although this may be confounded by healthcare system capacity in Manaus, Brazil
(26).
CAL (B.1.427/B.1.429) Increased mortality has been reported, but may be due to
small sample size, could also be due to hospital load (27).
B.1.525 At this stage, no data to suggest increased severity of disease, but data
is limited at the time of this analysis.
Dominant mode of transmission through direct human to human airborne
transmission, including at close range (28,29). Faecal aerosols and the faecal-oral
route are also possible; and fomite and contact transmission are less likely but
possible (30).
VOC Transmissibility

Mode of
transmission
(dominant mode
and other
documented
modes)

D614G Increased transmissibility compared to the original Wuhan strain due to
higher viral loads in the upper respiratory tract (31).
B.1.1.7 Substitution of N501Y increases the accessibility of the receptor binding
domain and affinity with host cell receptors, thereby enhancing transmissibility by
allowing the virus to better establish and propagate infection (32-33). It has been
shown to have a higher reproduction number, with transmissibility 40-90% greater
than D614G (34,35).
B.1.351 This variant is associated with a higher viral load, which may cause an
increase in transmissibility (24). One modelling study estimates that it is 50% more
transmissible than other circulating variants (32).
P.1 has been shown to be 1.7 – 2.4 times more transmissible than previously
circulating strains (26).
CAL (B.1.427/B.1.429) Elevated household secondary attack rate suggests
increased transmissibility (27).
B.1.525 S:Q677H may increase transmissibility by increasing stability of S1:S2
association, and was quickly responsible for 20% of Nigerian confirmed cases (7).

B.1.617 S:P681R as B.1.1.7 – may enhance transmission by increased receptor
binding (5)

No gender difference in confirmed cases in Australia, with age susceptibility for
confirmed infection peaking in the 20-29 year age group (36). Susceptibility to
severe disease increases with age (37).

Demographics of
cases

A global mathematical analysis shows that SARS-CoV-2 infection rates are
positively associated with age, smoking status, travel history, presence of
comorbidities and population density (but not with poverty) (38).
B.1.1.7 - Analysis of the second wave compared to the first wave in London (where
the first wave is assumed to have no cases of B.1.1.7), suggested potential
increased severity in females, and a slight decrease in the average age of cases
(from 62 to 60 years, and cases were less likely to have comorbidities (39).
No information for other variants.
Global CFR as at 3/4/21 = 2.2% (17).
The case fatality rate is influenced by age, sex, comorbidities, and in some cases
ethnicity (40). In Australia, most deaths have been in older adults, especially in
aged care (37).
CFRs in VOCs compared to Wuhan strain

Case fatality rate

While exact CFRs are unable to be calculated, the following trends have been
reported:
D614G: increased case fatality rate (20)
B.1.1.7: increased (22)
B.1.351: no change (24)
P.1: increased (26)
CAL (B.1.427/B.1.429): no information
B.1.525: no information
B.1.617: no information

Complications

Complications of SARS-CoV-2 infection includes respiratory system conditions
(e.g., pneumonia), circulatory system conditions (e.g., cardiac arrest),
hematologic disorders (e.g., disseminated intravascular coagulation), renal
disorders (e.g., acute kidney failure) and disturbances of smell and taste (40).
Resistance
D614G has same or better neutralisation when compared to original, Wuhan
reference virus (4).
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B.1.351 suite of mutations has reshaped the antigenic surfaces on the spike
protein, causing almost complete resistance to neutralization by some polyclonal
and monoclonal antibodies (42-44). S:E484K has been shown to be resistant to
convalescent antibodies (5).
P.1 Is significantly less resistant to naturally or vaccine acquired antibodies when
compared to B.1.531, even though it has similar mutations (45).
CAL (B.1.427/B.1.429) L453R confers resistance to antibodies (46).
B.1.525 S:E484K confers resistance convalescent antibodies, and S:F888L may
assist in immune escape (5).

B.1.617 S:E484Q as P.1 and B.1.351 – linked to immune escape (5).
Re-infection
D614G Equivalent or better neutralization with convalescent sera (4).
B.1.1.7 Susceptible to neutralizing antibodies by Spike vaccines (47,48). No
evidence that reinfection is higher than other strains (24,49).
B.1.351 Variant is largely resistant to neutralizing antibodies formed by being
infected with previously circulating lineages and therefore poses significant reinfection risk (50,51)
P.1 Lineage was found in 42% of the samples collected from positive cases
between 15 to 23 December 2020 (26,50). Recent rapid increase in COVID-19
cases in locations that had high infection rates in the past may indicate an
increased transmissibility or re-infection rates of the new variants (52).
Additionally, people with P.1 have been found to have a double infection of two
distinct strains (P.1 and others) (53).
CAL (B.1.427/B.1.429) Reduced susceptibility to antibodies from prior infections
(54).
B.1.525 Unknown.

B.1.617 S:E484Q as P.1 and B.1.351 – linked to risk of re-infection (5).

Available
prevention

Behavioural measures such as social distancing and wearing masks offer best
available prevention (55). A large proportion of the global population will need to
be fully vaccinated to provide herd immunity, assuming high efficacy of vaccines,
and a short term duration of protection (1-2 years) (56). Non-pharmaceutical
interventions have been shown to have a higher impact on the epidemic curve

than vaccination alone, so behavioural measures should be kept in place during
vaccine rollout to reduce deaths and decrease health system costs (57).
Vaccine effectiveness in VOCs
Vaccine target
The aggregates of the Spike protein are important in the receptor binding of
SARS-CoV-2 to human cells, and the receptor binding domain is the main target
for neutralising antibodies following SARS-CoV-2 infection (58). Therefore the Sprotein is a target for vaccines to activate an immune response, however if major
antigenic variations occur in the S-protein, current vaccines may not be effective
(59).
The D614G substitution on the S-protein does not affect the vaccine induced
neutralising antibodies, and therefore should not decrease vaccine efficacy (60).
Two studies have shown that the N501Y mutation seen in the B.1.1.7 variant does
not lead to antibody evasion, and therefore should not impact vaccine induced
neutralisation (61,62). There is some debate if there is a minor drop in real-world
efficacy, however this may have been due to the small sample size in the trial (63).
Substitution of E484K is related to a high rate of immune escape, so variants with
this spike mutation will theoretically have lower levels of immunity following
vaccination or infection (64,65). This implicates B1.351, which has shown to have
lower rates of vaccine efficacy for Pfizer (66), Moderna (67) and AstraZeneca (68).
However, the lowest efficacy is for Astrazeneca (0-10% (25)). The mRNA vaccines
and Novavax have reduced immunogenicity but produce neutralising antibody
titres within the expected protective range (47). P.1 and B.1.525 also demonstrate
this mutation, however there is no data to date regarding vaccine efficacy for these
variants (58).
The L245R mutation characteristic of the CAL variant confers resistance to
antibodies (46), however it has been shown that T-cell reactivity is maintained
following infection or vaccination, therefore while infection or re-infection is not
prevented, disease severity may be lessened (69). Vaccine elicited neutralising
antibodies from Moderna and Novavax are likely to be effective against the CAL
variant (47).
Current vaccine technologies (using recombinant spike glycoprotein)
1) Nucleic acid – mRNA based vaccines
The mRNA is transported by lipid microvesicles, and once it enters the human
cell, the vaccine induces the cell to produce an antigen coded by the mRNA (70).
The target antigen is the spike protein or its variants. (71). Current vaccines which
have been approved are Pfizer and Moderna (72).
2) Non-replicating viral vector-based vaccines
The DNA of the Spike protein is carried by an adenovirus, exploiting the capacity
of the virus to infect human cells and therefore deliver the mRNA into the cells,
creating an immune response (69). Currently AstraZeneca (using a chimpanzee
adenovirus) and Johnson & Johnson (using a human adenovirus) have been
approved for emergency or full use in some countries (71).

3) Protein-based vaccines
Sub-unit vaccine, using an immunogenic segment from the pathogen to produce
an immune response (71).
Novavax (9NVX-CoV2373) uses spike nanoparticles and matrix adjuvant (71).
Interim results have shown that the vaccine is safe and has greater than 90%
efficacy (72), however it has not yet been approved for use (71).
Vaccine efficacy against Variants of Concern
Pfizer after second dose:
D614G 94.6% (95% CI, 89.9 to 97.3) against symptomatic infection (73).
B.1.1.7 reduced levels of neutralization by vaccinated sera (11).
B.1.351 reduced levels of neutralization by vaccinated sera (11) .Sensitivity to
sera from individuals vaccinated with Pfizer has been shown to have
decreased neutralisation titers against B1.351, compared to B.117 and D614G
(74). February 2021: Pfizer and BioNTech announced they had begun an
evaluation into the safety and immunogenicity of a potential third dose of the
vaccine to determine whether it would increase immunity to the COVID-19
variants (73).
P.1 T-Cell reactivity is maintained – theoretically this would not prevent
infection but may decrease disease severity (71).
CAL (B.1.427/B.1.429) T-Cell reactivity is maintained (71).
B.1.525 no data re vaccine efficacy (58).
Moderna after second dose:
D614G 94.1% (95% CI, 89.3 to 96.8) against symptomatic infection (75).
B.1.1.7 Largely unaffected (76).
B.1.351 decreased efficacy (neutralisation reduced by 2/3) (67).
February 2021: Moderna announced it had sent a booster vaccine candidate
based on the B.1.351 variant to NIAID for a phase 1 trial (77).
P.1 T-Cell reactivity is maintained (71)
CAL (B.1.427/B.1.429) T-Cell reactivity is maintained (71). Vaccine elicited
neutralising antibodies from Moderna are likely to be effective against the CAL
variant (47).
B.1.525 no data re vaccine efficacy (58).
AstraZeneca-Oxford after second dose:
D614G 62.01% (95% CI, 41.0 to 75.7)% against symptomatic infection (63).

B.1.1.7 70.4% (95% CI, 43.6-84.5) against symptomatic infection (63).
B.1.351 10.4% (95 CI, -76.8 to 54.8) (25).
P.1 no data re vaccine efficacy (58).
CAL (B.1.427/B.1.429) no data re vaccine efficacy (58).
B.1.525 no data re vaccine efficacy (58).
Johnson and Johnson
D614G 66.90% (95% CI, 59.0 to 73.4) (78).
B.1.1.7 not specified (78).
B.1.351 efficacy or mild-to moderate disease was lower (52%) in South Africa,
where the B.1.351 accounted for more than 90% of sequences in the trial
participants (78).
P.1 efficacy or mild-to moderate disease was lower (65%) in Brazil, where the
P.1. accounted for more than 60% of sequences in the trial participants (78).
CAL (B.1.427/B.1.429) no data re vaccine efficacy (58).
B.1.525 no data re vaccine efficacy (58).
Novavax
D614G 96.4% (95% CI, 73.8 to 99.5) (79).
B.1.1.7 86.3% (95%CI, 71.3 to 95.5) (79).
B.1.351 48.6% (95% CI, 28.4 to 63.1) (79).
P.1 no data re vaccine efficacy (58).
CAL (B.1.427/B.1.429) Vaccine elicited neutralising antibodies from Novavax
are likely to be effective against the CAL variant (47).
B.1.525 no data re vaccine efficacy (58).
There is no specific antiviral treatment available at this point, only supportive care
(39).
Available treatment

Supportive management
Dexamethasone has been shown to decrease mortality rates in individuals
requiring mechanical ventilation (80). Remdesivir has been shown to improve time
to recovery (81).

Comparison with
past outbreaks

The COVID-19 global pandemic is ongoing, and therefore is useful to analyse the
evolution of the genomic variation of the virus and compare with the epidemic
curve when considering variants of concern. It has been shown that disease
transmission and epidemic severity are directly related to variant emergence (82).
This showed that genomic diversity is predictive of high transmission rates and
that that mutations are associated with an increase in cases. Therefore, when
exposure occurs during large gatherings, an outbreak occurs (82).
Compared to original (Wuhan) strain:
D614G strain demonstrates increased transmissibility and viral loads (20,30).
B.1.1.7 is associated with increased transmissibility, mortality and duration of
infection, and a higher viral load (21,13,84-85).

Unusual features

B.1.351 is associated with increased viral load, increased transmissibility, vaccine
escape and increased reinfection risk (24,44,42-44).
P.1 demonstrates increased mortality, increased transmissibility, and increased
reinfection rates (26).
CAL (B.1.427/B.1.429) is associated with increased mortality, increased
transmissibility and increased resistance to neutralising antibodies (27,46).
B.1.525 demonstrates increased transmissibility and immune escape (5,7).
Variants of concern have been sequenced in Australia after introduction from
returned travellers. Tracking the VOC sequences in Australia can contribute
actionable decision-making information. Below is a graphical representation of the
sequences reported to GISAID between the dates of November 2020 (when the
first sequence was recorded in Australia) to 5th May 2021 (3).
B.1.1.7 is the most frequently reported (353 sequences) with the number of
confirmed cases increasing (3).

Critical analysis

B. 1.351 n= 37 sequences, P.1 n=7, CAL n=18, B.1.525 n=9, B.1.617 n = 79 (5).

Emerging VOC - B.1.617
There is little known about the variant at this time, however it shares key
mutations with other VOCs:
S:P681R which may enhance transmission by increased receptor binding (5, 86)
S:E484Q which is linked to immune escape and risk of re-infection. This
mutation is not present in B.1.617.2 (5, 86).
S:L452R which is linked to increased transmissibility (5, 86).

On the 7th May 2021, Public Health England classified B.1.617.2 as a Variant of
Concern, based on evidence that suggests that it is equally as transmissible as
B.1.1.7, with rising cases and community transmission occurring in England
(86). There is no evidence of more severe disease or decreased vaccine
effectiveness at this stage (86). Several countries, including Australia, have
imposed bans on travel from India due to escalating case numbers emergence
of the new COVID-19 variant B.1.617 (87).

Figure 2. Total Sequences by Variant of Concern in Australia (GISAID, 2021)

Figure 3. No. Cases of Variants of Concern in Australia by date collected
(GISAID, 2021)

Figure 4. Cumulative total Variants of Concern in Australia (GISAID, 2021)

Vaccines in Australia
Currently there are two vaccines with provisional approval for use in Australia,
Pfizer and AstraZeneca-Oxford (88,89). Current clinical guidance on the use of
COVID-19 vaccines in Australia has been issued by the Australian Technical
Advisory Group on Immunisation (ATAGI) (90). It states that the goal of the
program is “to protect all people in Australia from the harm caused by the novel
coronavirus SARS-CoV-2, through preventing serious illness and death, and, as
much as possible, disease transmission” (88). It notes that initial supply will be
limited, and that priority will be given to those who are at increased risk of exposure
and hence of being infected with and transmitting SARS-CoV-2, and those in a
setting with high transmission potential (91).
This has recently been updated to advise that the Pfizer vaccine Comirnaty is
preferable to the AstraZeneca vaccine for people under 50 years of age, due to
the risk of thrombosis with thrombocytopenia syndrome (TTS), a rare condition
that can occur after AstraZeneca vaccine (92).

With consideration to the above information regarding vaccine effectiveness in
VOC, and the information presented regarding increasing VOC sequences in
Australia, addressing the following questions is important to inform public health
policy to control the spread of COVID-19 in Australia:
Is the current vaccination strategy addressing the need to protect front line
workers and those who will be exposed to SARS-CoV-2 returned travellers, and
limiting disease transmission? The second most common VOC detected in
Australia is B1351, which shows substantial vaccine escape and no efficacy
against the AstraZeneca vaccine. Workers at the border and in areas at most risk
of outbreaks (hotel quarantine, healthcare, aged care) may be better receiving the
Pfizer vaccine while these are the only two available vaccines.

Key questions

What response strategies can be implemented in the short and medium term? For
example, development of vaccines specifically against variants, multi-valent
vaccines and increasing the immunogenicity of current vaccines by using booster
doses (58).
What is the risk of outbreaks in Australia caused by VOCs?
Will VOCs become dominant in 2021?
Are there opportunities for agreements with companies in end-stage development
for supply of vaccines (including boosters matched to VOCs) with proven efficacy
against VOCs?
What adaptations may be required of Border and Quarantine policies?
What adaptations may be required of Public Health Policies for prevention of
transmission?
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