From the editor
By Jim Manos

Greetings from the Chair. | hope everyone is bearing up well and
beginning to circulate again! It's been a long cold winter so far, but |
think the light is beginning to emerge at the end of the tunnel.

The committee have been seriously thinking about having the AGM as
a face-to-face at the regular venue (Hotel Harry's) in Surry Hills
on August 20th at 6pm.

What do members think?

Would you come out to hear our speaker (Dr Amy Cain) and go through
the year’s finances?

It would be regulated by the social distancing rules of the day, but we
should be able to accommodate our usual crowd of about 30-40
people.

Send an email to myself and Tim if you would be willing to come.

In this month’s Syntrophy, we have an article by Xiaomei Zhang of the
School of Biotechnology and Biomolecular Sciences, UNSW, on the
rapid genomic detection of Salmonella serovars. Salmonella is one of
the most common causes of food poisoning worldwide, so rapid
identification of the serovars causing a specific outbreak would allow
better targeting of treatment.

We also have a report by Tim on the very interesting joint ASM-JAMS
Zoom seminar on the origins of COVID-19 by Professor Eddie Homes
on June 11. Stay in touch and stay tuned for another interesting Zoom
seminar soon!

Please also take a look at the James Vincent Scholarship description
and criteria, and if you are eligible, we welcome your application.

For the next 3 issues of Syntrophy, we will publish winning articles
produced by second year microbiology students (in the subject
General Microbiology) from the University of Technology Sydney.

Courtesy of the Australian Society for Microbiology NSW-ACT
Branch, winning articles were given certificates and a $100 JB Hi-
Fi voucher for their efforts. Students were asked to write a 2-page
magazine-style article on a contemporary microbiology topic which
in 2020 included human coronaviruses and koala chlamydia.

This assessment is designed to enhance students' communication
of science to society. They were given journalistic freedom to
identify an interesting angle of the topic and to write and present
their article in a way that engages with a broad audience in the
style of a popular science magazine (e.g. Scientific American).

In this issue of Syntrophy, on pages 5 to 7 we present the article
written by one of the winners of the human coronaviruses topic.
Congratulations to Katrielle Arenas!
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Focus Article

Rapid Detection and Identification of the Most Prevalent
Salmonella Serovars Using Genomics

Xiaomei Zhang
School of Biotechnology and Biomolecular Sciences, University of New South Wales, Sydney, New South Wales, Australia

Salmonella is one of the most common causes of foodborne infections worldwide, including in Australia. Serotyping by
agglutination of antisera to three surface antigens O, H1 and H2 classifies Salmonella into over 2600 serovars (Le Minor et
al., 1990). Only a small proportion of these serovars are responsible for most of human Salmonella infections. For example,
over 85% of human Salmonella infections in Australia were caused by the five co-circulating Salmonella serovars:
Typhimurium, Enteritidis, Virchow, Saintpaul, and Infantis. Rapid, accurate and sensitive detection and differentiation of these
five serovars, either using genomic data or by laboratory diagnostic methods, is beneficial for diagnosis and surveillance.

Serotyping by agglutination is being replaced by molecular serotyping that detects O antigen genes and the H1 (fliC) and H2
(fliB) antigen encoding genes. Different O types can be distinguished by the presence/absence of O antigen specific genes.
However, different H1 and H2 types can only be differentiated by sequence variation of fliC and fljB respectively, making it
harder to design molecular assays. The serovar of an isolate may also be inferred by identifying genes only found in the
serovar of interest. This has been performed previously but only for a small number of serovars.

In our study, we identified new serovar-specific genes for the most prevalent Salmonella serovars using comparative genomics
(Zhang et al., 2019). We compared 2258 publicly available Salmonella genomes representing the 106 most prevalent serovars
and identified a set of 131 serovar-specific genes. We evaluated in silico serovar typing by using the presence or absence of
these serovar-specific genes. The ability of this approach to correctly assign serovars to isolates was validated with an
additional 1092 Salmonella genomes. We showed that in silico serotyping of the 106 serovars using serovar-specific genes
has an accuracy of 95.3%. The accuracy can be further improved if only the major serovars in a given geographic region are
considered. For example, a panel of seven genes can be used for the typing of five most frequent serovars in Australia, with
an error rate less than 2.9% (Table 1).

Table 1: A panel of serovar-specific genes for typing the five most frequent serovars in Australia

Serovar Gene 1 Gene 2 Gene 3 Gene 4 Gene 5 Gene 6 Gene 7

Typhimurium + - - - - - -
Enteritidis-B - + - - - - -
Enteritidis-A/C - - + - - - -
Virchow - - - + - - -
Saintpaul-| - - - - + - -
Saintpaul-ll - - - - - + -
Infantis - - - - - - +
Error rate 24 0 1.5 0 29 0 0
Specificity 97.6 100 98.5 100 971 100 100

Enteritidis has three lineages named clade A, B and C. Enteritidis-clade A/C is restricted in Australia. Saintpaul has 2 lineages named Saintpaul-l and
Saintapul-II.

"+": presence; "-": absence. Gene 1 = STM4494 (Typhimurium); Gene 2 = SEN1384 (Enteritidis-clade B); Gene 3 = R561_RS18155 (Enteritidis-clade A/C);
Gene 4 = SEV_RS01820 (Virchow); Gene 5 = SESPA_RS08460 (Saintpaul-1); Gene 6 = SeSPB_A1749 (Saintpaul-l); Gene 7 = L287_RS37190 (Infantis);

The potential error rate of serovar-specific genes defined by the: (Number of false positives)*(The frequency of that serovar in a given region)/(Total of
genomes of that serovar). The specificity of typing rate was equal to (1 — potential error rate).

Genes that are present or absent from a strain are a perfect target for molecular assay development to detect them. We
therefore used the seven genes above to design molecular assays to detect the five serovars (Zhang et al., 2020). We chose
isothermal amplification technique Multiple Cross Displacement Amplification (MCDA) rather than PCR as an assay method
as it offers higher sensitivity and speed. The existing invA MCDA assay for Salmonella (Wang et al., 2016) is used at the same
time to detect the species, which does not distinguish between different serovars. We developed and evaluated seven MCDA
assays which amplify the seven target genes from the five serovars. The seven MCDA assays can accurately detect as few
as 50 fg per reaction (10 copies of target DNA) from pure culture and can produce rapid detectable result in as short as eight
minutes (Figure 1). The seven MCDA assays were highly sensitive and specific to the target serovars, with specificity ranging
from 93.3% to 100% which reflected the in silico typing error rates. With further validation in clinically relevant conditions these
assays could be used for culture-independent serotyping of the five most common Salmonella serovars directly from clinical
or food samples.
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Figure 1: Representative amplification curves from one of the seven MCDA assays — Typhimurium
All seven MCDA assays showed similar speed and limit of detection. Typhimurium MCDA assay is used as an example.

A: Detection time based on the average relative fluorecence of all replicates. Blue cuvre indicates detection time of 8 minutes
at 5 ng concentration. Light blue curve indicates detection time of 15 minutes at 50 fg concentration. Brown line is negative
control.

B: Standard curves based on average detection times and serial dilutions. The exsting Salmonella species specific invA MCDA
assay was used as positive control. Solid circle indicates Typhmurium MCDA assay and hollow circle indicates invA MCDA
assay. Error bars represent the range of all replicates at each concentration. The average detection times for each MCDA
assay were linear along the dilution gradient and had a significant correlation (P < 0.001) with linear standard curves. Parallel
lines between each MCDA assay and invA assay were observed. In all assays and concentrations, the invA positive results
were observed after the serovar specific results.

In conclusion, novel serovar-specific genes have been found and can be used as markers for differentiation of the 106 most
prevalent Salmonella serovars either from genomic sequence or through laboratory diagnostic methods, providing a unique
Salmonella serovar serotyping approach that enhances or complements existing molecular serotyping methods (Zhang et al.,
2015; Yoshida et al., 2016). The identification of serovar specific genes enables Salmonella serotyping in the era of culture
independent diagnostic testing through rapid, sensitive, and accurate molecular assays or metagenomic sequencing.
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About the author

Xiaomei Zhang is a PhD candidate under the supervision of Professor Ruiting Lan in the School of Biotechnology and
Biomolecular Sciences, University of New South Wales, Sydney, Australia. Her research focuses on human pathogens
Salmonella, Shigella and enteroinvasive E.coli (EIEC) serotyping.
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Key dates

ASM Hour
Tuesday 7 July 12-1pm — Updates on SARS-CoV-2/COVID-19, see page 8 for details.

ASM NSW-ACT and JAMS Joint Presentation

On June 11, 2020, the ASM NSW/ACT branch and JAMS jointly hosted a live Zoom session with Professor Edward Holmes;
the title of his talk was Viral Metagenomics at the Human-Animal Interface. Prof Holmes runs his lab at the University of Sydney
and is a Fellow of the Australian Academy of Sciences and a Fellow of the Royal Society. Given his long-standing interest in
viral outbreaks and RNA viruses, it is not surprising that his work has been at the forefront in our understanding of the current
SARS-CoV-2 pandemic. We were very excited to host Eddie’s presentation, which attracted almost 80 participants who were
able to tune in despite some technical audio-visual difficulties. We heard about Eddie’s first-hand experience at the live markets
in Wuhan and his travails sampling bat microbiomes in caves in China. The application of high throughput RNA sequencing is
transforming our understanding of the biosphere and evolution of viruses and providing insight into where new threats may
arise. Even so, it seems as if we are still only scraping the tip of the iceberg in terms of describing viral diversity. We heard that
as long as we mismanage human interactions with wildlife, future pandemics are inevitable. Given the current social and
economic catastrophe wreaked by COVID-19, this was a sobering message.

James Vincent Scholarship:
Scholarship:

The James Vincent scholarship may take the form of either a travel grant to attend a relevant national or international
conference, to obtain skills available only at another institution in Australia or overseas, or to satisfy other specific requirements
of their higher degree research programme. The scholarship will be awarded by the School of Life and Environmental Sciences,
The University of Sydney, on the recommendation of the NSW-ACT Branch of the Australian Society for Microbiology.

Eligibility:

e Honours and postgraduate research students at the University of Sydney or University of New South Wales.

e Students working in the area of symbiotic nitrogen fixation, the major research area of Professor Vincent, may receive
preference.

o If not currently a student member of ASM, applicants must be eligible for membership and apply for membership at time of
application for award.

Criteria:
1. Applicants should submit details of their academic record and two referee’s reports
2. Applicants should briefly justify their proposal and suggested budget in terms of the object of the scholarship.

3. The value of the scholarship shall depend on the financial needs of the applicant subject to the availability of funding but
shall not exceed the previous year’s net income to the fund. The amount offered each year will be limited to the earnings
generated from the funds held in the Vincent award, less 10% which will be added to the capital to allow for growth.
Generally, this is around $400.

4. The scholarship is tenable for 1 year.

1 award per year. No award may be given in the event that the NSW-ACT branch committee in consultation with the J
Vincent representatives at USyd and UNSW feel there is no suitable applicant.

Closing date: 30th July 2020

Send applications to:

A/Prof. Tim Newsome

School of Life and Environmental Sciences
The University of Sydney

Email: tim.newsome@sydney.edu.au
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GENERAL MICROBIOLOGY AT UTS
By KATRIELLE ARENAS

Mystery Coronavirus Vs The Masked World

A new coronavirus threat ravages the globe. A global health emergency - leaving the world in lockdown with scientists desperately

searching for answers.

VV e are in the midst of an

unprecedented global pandemic and the
war is far from over.
Frantic locking of doors, panic
hoarding goods, citizens preparing for a
real-life hunger games and suddenly,
it’s every man for himself. Scientists
are left piecing together a verdict for a
case with little-to-no scientific break-
through. The emergence of the novel
coronavirus (2019-nCoV) has
awakened the deep howls of SARS-
CoV from almost two decades of
dormancy and the world is torn.

Identifying the Problem:

It was New Year’s eve 2019, and much
of the world was eagerly anticipating
the birth of a new season. Yet, in the
lingering hours before the toasts and
celebrations, the decade’s most
cardinal headway left all festivities at a
standstill.  Clusters of  patients
connected to a Huanan Seafood Market
in Wuhan, China reported “viral
pneumonia with no known cause”
(Gralinski & Menachery 2020). Later
studies concluded with the mystery
disease identified: a previously
undiscovered bat-like Coronavirus
(2019-nCoV) found to be highly

infectious (see “Case study: The
Agent” box). With the difficulty of
tracing the exact origins and threat of
the pathogen itself, it was only after
China disclosed the full genome
sequence that scientists from all over
the world desperately began their quest
in studying its phylogenetic
relationships. A cascade of events
instigated an outpouring of headlines
on popular media which stirred panic
and fear among the best of us and
suddenly, the virus put an end to the
world as we know it. At the epicenter of
the virus in China, the human cost of
this crisis is staggering, with a total of
37,287 cases of infection as of February
2020 and numerous cases reported
elsewhere (Han et al. 2020). Strikingly
after this mass contagion, the full glare
of the outbreak at this point, has yet
made its final gesture.

“The epidemic was doubling in size
every week”

In the fast scheme of things, the
statistic: “two thirds of the world’s
population could catch it” by Andrew
D. Hwang (2020), brings this all the
more realistic threat to the forefront of
our own homes.

The Roots: Tracing the Origin

Coronaviruses are grouped into a
family under the order “Nidovirales”.
These viruses contain single-stranded
(positive-sense) RNA, helping it
replicate in host cells (Yang et al.
2020).

Coronavirus  pathogens very sneakily
infiltrate the host’s cells in order to
replicate. The lung is the primary battlefield
armed with spike proteins and cell defences
which become disabled upon infection.
Now, let’s do a cross-examination:

Name:

(Virus): SARS-CoV-2 — causing —
(Disease): 2019-n-CoV (Covid-19)

Shape: Spherical, enveloped particles,
Crown-like surface proteins (corona)

Symptoms: Mild upper respiratory
infection (common cold), fever, muscle
pains, shortness of breath (severe).
Transmission: Respiratory droplets,
skin-to-skin contact

protein proj : Murphy & Whitfield,
Centers for Disez ontrol and Prevention 2020)

To make things more complicated,
Coronaviruses are further categorised
into sub-families with four genera
(alpha, beta, gamma and delta
coronaviruses). Our current Covid-19
sits within the Beta coronaviruses
which,  combined  with  alpha
coronaviruses, are the only two genera
capable of infecting humans (Rabaan et
al. 2020). In fact, this zoonotic
pathogen harkens back to the historical
horrors of both Severe Acute
Respiratory Syndrome originating in
China of 2003 (SARS-CoV) and the
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Middle-East Respiratory Syndrome in Saudi Arabia of 2012
(MERS-CoV). With genetic sequencing, both provide striking
identity similarity of 79% and 50% respectively to SAR-CoV-
2 (Yang et al. 2020). The mysterious chemistry of both
pathogens reveal how a virus once evolved, can pose such a
global threat as they overcome the species barrier from
infecting mammals to humans.

Despite many plot twists, scientists speculate that it’s likely that
similar to SARS-CoV, the virus emerged from bats, spreading
to humans (Yang et al. 2020). However, another mammalian
intermediate host could unknowingly fit into the same equation
(Zheng 2020).

The Coronavirus Life Cycle:

The journey of a virus into our cells begins by simply inhaling
respiratory droplets suspended in the air for short periods of
time. However, we can rest assured knowing that the most
common mode of transmission is in fact, entry into our mucus
membranes by touching our face or coughing, sneezing, and the
dispersion of droplets onto surfaces which meet our hands daily
(Abdullahi et al. 2020). Our fingertips have virtually become a
mechanical vector that the virus uses for transport. If somehow,
it survives the brutal handwashing, the virus cunningly moves
towards lung cells, using the spike proteins lining it’s surfaces
to bind with receptors in our own host cells.

The heart of the problem in both SARS-CoV and Covid-19 lies
here, as both make use of the same receptor (ACE2) to advance
entry into epithelial cells (Rabaan et al. 2020). At this stage, the
pathogen dramatically replicates which can cause Severe
Respiratory Syndrome (SARS) by making it difficult to deliver
oxygen around the body (Rabaan et al, 2020). This often leads
to multiple organ failure and possibly, death.

Prevention: Looking for answers for an invisible foe

One solution, some scientists suggest, is ‘prevention over cure’
mentality. A global weapon of defence, key to unlocking the
secrets of Covid-19 is the use of Reverse-Transcription
Polymerase Chain Reaction (RT-PCR) and other serology and
mechanical tests for detection (Abdullahi et al. 2020). PCR
testing gives us the upper hand by extracting viral RNA and
magnifying its genetic material to confirm: is the virus present?

A sample is collected from the infected person’s nose or throat
and a series of treatments, reverse transcription and DNA
amplification can reveal the presence and severity of a virus.
However, while this method is effective, a percentage of
infected individuals can return with a false-negative result
indicating the false absence of the virus, leading to its further
spread. To overcome this, and the stretched capacity of use on
a vast scale, some nations are adopting plans to achieve some
sort of herd immunity. This allows most of the population to

become immune by safely contracting the virus and leaving
only a small population remaining uninfected to reduce the
likelihood of a second wave.

The study of Yang et al. (2020) masterfully conveys how the
use of lung X-rays successfully magnifies the effects this virus
has subjected to its individual victims. This however, like PCR
testing, can be quite faulty. Ultimately, as the virus slips the
safety net, governments begin to raise their alarms and nations
are slowly being cut off from the rest of the world as they enter
lockdown one by one.

The Lockdown Effect:

As we watch our countries face their darkest hours yet, the death
rate continues to reach exponential masses. Circling the next
60 days, the virus would freeze all travel, exhaust our health-
care systems with a portion of the population jobless, and
remotely confine half of humanity within the four walls of our
own homes. With systems in overload, Covid-19 becomes the
obvious: a “global health emergency” (World Health
Organisation, 2020). Nonetheless, a clear advantage of this
measure allows individuals to practice social distancing with the
absence of a vaccine, to “flatten the curve” of infections and so
far, it has succeeded in its quest (see Figure 2).

The Lockdown Effect:

L m.(;lé?xlXa ny

France

Japan

Australia

Figure 2: Flattening the coronavirus curve across multiple
countries. Levelling off the ascent since first case (Hopkins,
The Guardian 2020)

Researchers are thus investigating these factors to aid in our
defences against this seemingly, unmatched opponent.
However, without the presence of a working vaccine, there is
no clear solution to this crisis.

Impact for us: Can a vaccine be developed in time?

Where will we be in six months, ten years from now? In a
typical pandemic film, scientists make a vaccine just in time to
save the whole world, but in the mysterious case of Covid-19,
scientists are moving at Hollywood speed. The countdown for
a life-saving vaccine begins now.
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Updates on
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bringing Microbiologists together

Tuesday 7 July

SARS-CoV-2 / COVID-19

Chair - Joanne Macdonald

Speakers

Overview- Joanne Macdonald
University of the Sunshine Coast

Diagnostics - Deborah Williamson
University of Melbourne

Environmental tracing - Nicholas Crosbie
Melbourne Water

Vaccine update - Keith Chappell
University of Queensland

-Q&A

Free for ASM Members,

but Zoom registration is essential via:

https://tinyurl.com/asmhourcovid19

Non- ASM Members please contact
admin@theasm.com.au
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