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It is my great pleasure to introduce to you the first 
Doctors’ Newsletter for 2017. 

Medical Leadership is a multi-faceted concept 
which is fundamental both to the ethos and to 
the operation of Douglass Hanly Moir Pathology 
(DHM). In the first article, I will outline the basis of 
my commitment to preserving Medical Leadership 
at the very centre of our Core Values and for my 
conviction that it is essential to the day-to-day, 
month-to-month and year-to-year delivery of 
outstanding clinical service and to the success 
of DHM Pathology and Sonic Healthcare.

In this issue, Professor Graeme Suthers sheds light 
on the shadowy subject of Fragile X syndrome. 
Dr Miriam Paul discusses the diagnosis of hepatitis C 
infection and recent advances in treatment which 
will virtually eliminate it as a cause of chronic liver 
disease. Lastly, Dr Michael Wehrhahn relates the 
fascinating story of Zika virus, recently proven to 
cause a congenital syndrome more devastating 
than any described since rubella.

It is also an opportunity to introduce and welcome 
Dr Kym Mina, who joined Douglass Hanly Moir 
Pathology as Director of Genetics in February, 2017. 

Finally, let me wish health and happiness to you 
and your families in 2017.

Dr Colin Goldschmidt
MBBCh, FRCPA, FAICD
CEO – Douglass Hanly Moir Pathology
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Early in the process of consolidation and maturation which 
followed, a number of core values were identified, operating 
at every level of the organisation and directing all decisions. 
These core values, all based around patient care and ‘good 
medicine’, were collectively termed ‘Medical Leadership’ and, 
ever since, have continued to represent the deeply embedded 
culture that defines the DHM practice: what we stand for and 
why we exist.

Medical Leadership means that we see medicine as a 
profession rather than as a business. We believe that doctors 
and patients are best served by those who understand 
and respect the complexities, obligations and privileges of 
practising medicine. It also means that all of us, regardless of 
job title, are members of the DHM team. Our decisions and our 
behaviour are directed towards the delivery of best outcomes 
for our clinicians and their patients. 

At DHM, we believe that Medical Leadership promotes the 
highest standards of professional and operational excellence. 
To this end, pathologists and laboratory scientists are directly 
involved in management decisions and the leaders of all our 
departments are deeply experienced healthcare specialists. In 
fact, we aspire to spread the concept of Medical Leadership to 
all our people, so that we are all medical leaders! 

At this point in DHM’s ongoing history, we are indeed proud 
that we now employ more than 3,500 people, including more 
than 80 pathologists. 

The practice of Medical Leadership is multi-faceted. It 
incorporates care for our people, a commitment to support 
our staff in the pursuit of professional excellence, investments 
in state-of-the-art technologies and facilities, and professional 
leadership which provides ongoing support for education 
and research. It also has a giving side, where we fund and 
personally support healthcare in grossly underprivileged 
communities (as we are doing currently in Central Africa). 

Medical Leadership, our above-all-else commitment to quality 
and the wellbeing of our patients, is what makes Douglass 
Hanly Moir Pathology unique.
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It is 20 years since Douglass Laboratories and Hanly 
Moir Pathology merged to form the entity known since 
then as Douglass Hanly Moir Pathology (DHM), now 
the largest pathology company in Australia.
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What is special about the genetics 
of Fragile X syndrome?

The gene responsible, FMR1, is on the X chromosome. On 
that basis, you would expect that males would be affected 
and that female carriers would not. However, that reasonable 
expectation is incorrect. 

The FMR1 gene has a cluster of three base pairs (-C-G-G-) 
that is repeated many times. The number of repeats varies 
between 5–44 in the normal healthy population. An FMR1 
gene with a repeat number in the normal range is passed on 
unchanged to children.

However, people with 55–200 repeats are at risk of problems. 
Women with FMR1 repeats in this range are at risk of 
premature ovarian failure, and both men and women are at 
risk of developing late-onset ataxia and tremor. These are not 
inevitable outcomes, and the majority of such people remain 
asymptomatic. It is important to note that intellectual disability 
is not noted in people with FMR1 repeats in this range. 

There are important implications for relatives. When an FMR1 
repeat in the 55–200 range is passed from mother to child, 
it can increase in size; this does not occur when transmitted 
by the father. This does not happen with every maternal 
transmission, but becomes more likely as the repeats get 
larger. For this reason, repeat numbers in this range are 
referred to as ‘pre-mutations’. If the expanded repeat size in 
the child is less than 200, the child is also at risk of premature 
menopause (if female) and ataxia/tremor, but not of intellectual 
disability. But what if the repeat size exceeds 200?

An FMR1 repeat size that is greater than 200 is called a ‘full 
mutation’. Males with a full mutation have intellectual disability 
of varying degree — the ‘Fragile X syndrome’. About half of 
the females with a full mutation have mild intellectual disability, 
with the remainder being likely to demonstrate learning 
difficulties or some disturbance of mental health. 

The genetics of Fragile X syndrome is unusual in that a healthy 
man can have a pre-mutation, will pass the pre-mutation to 
his daughter, and she may have an affected son with a full 
mutation. It is also unusual that such a high proportion of 
female carriers of a full mutation have intellectual disability.

To complete the story, there is an ‘intermediate’ range of FMR1 
repeats, that is, 45–54. Intermediate repeat numbers are not 
associated with any of the disorders described earlier, but 
there is a small chance that an intermediate repeat will expand 
into a pre-mutation when transmitted by a mother. 

Which patients should be tested 
for Fragile X syndrome?

Given the variety of clinical features caused by an abnormal 
FMR1 gene, and the potential significance for relatives, it can 
be challenging to know who to test.

Indications for diagnostic Fragile X testing

In children 
or adults

 Î Intellectual disability
 Î Global developmental delay 
 Î Autism spectrum disorder

In women under 
the age of 40

 Î Irregular periods or impaired 
fertility with raised FSH levels

In older adults 
(over 50 years)

 Î Late-onset tremor and ataxia

The purpose of testing in these situations is to make a 
diagnosis in an affected person. There is another important 
group who should be offered testing: unaffected people with 
a blood relative who has been shown to have an abnormal 
FMR1 repeat. Such testing can clarify their risk of having 
affected children or grandchildren.

The Fragile X 
syndrome
Fragile X syndrome is a challenging disorder that puts 
fear into the heart of anyone brave (or foolish) enough 
to provide a brief summary. It seems to flout every rule 
about X-linked inheritance, has a confusing variety of 
clinical features and is very common.

Professor Graeme Suthers
BSc (Med), MBBS, PhD, FRACP, FRCPA, GAICD
Director of Genetics, Sonic Healthcare (Australia)
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Dr Kym Mina
MBBS, PhD, FRCPA (Genetics)
Director of Genetics, Douglass Hanly Moir Pathology

We would like to take this opportunity to welcome Dr Kym Mina, a recent arrival both to Douglass 
Hanly Moir Pathology (DHM) and to Sydney. Following her appointment as Director of Genetics at 
DHM and relocation with her family, from Perth, Dr Mina began in her new role earlier this year. 

Dr Mina is a graduate in Medicine from the University of Western Australia (UWA). She trained in 
genetic pathology in Australia and New Zealand before completing her PhD in epidemiology and 
taking up joint teaching/service roles at PathWest and, as Associate Professor, at UWA. 

She joins an enthusiastic and highly skilled group of scientific and medical staff who make up the Genetics Department at 
DHM. Genetic testing is changing the face of modern pathology and rapid technological advances continue to impact all areas 
of clinical medicine. It is a sub-specialty which seems to attract the brightest and the most energetic in the field of medical 
diagnostics, an impression which is confirmed by Dr Mina’s own choice of career and by her achievements.

We look forward to working with our newest colleague, whose arrival adds further to the breadth and depth of the genetics 
service provided by DHM Pathology. Dr Mina, in turn, is keen to engage closely with our referring clinicians to ensure that we 
provide the support they need for optimum patient care and that we are responsive to their changing needs in a changing world. 

What does testing for Fragile 
X syndrome involve?

The earliest assay was a chromosome study.  
An X chromosome with a full mutation is structurally fragile 
at the location of the FMR1 repeats and can break apart at 
that point (thereby explaining the name of the disorder). The 
laboratory now counts the number of FMR1 repeats directly (up 
to 200); detection of full mutation requires a second method. 
The test is done on a sample of blood collected into EDTA.

The analysis and reporting gets complex if there is an 
increased probability of the patient having Fragile X syndrome, 
for example, family history of Fragile X, or testing an affected 
woman. The story can be further complicated by the patient 
(male or female) having a mixture of cells with pre-mutations 
and full mutations. The laboratory can disentangle these 
various possibilities and arrange the necessary testing, but 
only if clinicians provide clinical details on the request form. 
Please assist us by providing as much clinical information as 
possible. This will help us to determine the most useful test 
and to give you the most useful result. 

Testing is available through Douglass Hanly Moir Pathology. 
There is a Medicare rebate for diagnostic testing in 
patients with features, such as intellectual disability, ataxia, 
neurodegeneration or premature ovarian failure, that are 
consistent with an FMR1 mutation. A rebate is also available for 
testing an unaffected person with a relative who has an FMR1 
mutation. The MBS rebate is not available outside of these 
criteria, for example, for preconception screening.

Who should manage testing 
for Fragile X syndrome?

The Fragile X syndrome is common and the clinical 
indications for testing are broad. Approximately 1:4,000 males 
has the disorder, and approximately 1:200 females carries a 
pre-mutation. Hence, any clinician caring for patients with the 
clinical features previously described should consider testing 
as appropriate. 

However, once an intermediate, pre-mutation or full mutation 
has been identified, the genetic implications for the wider 
family become complex on medical, emotional and social 
grounds. Patients should be forewarned of this possibility 
before the test is performed. The management of the 
extended family is best overseen by clinical genetics experts, 
and referral of the family for genetic counselling is strongly 
recommended. 

This brief article does not address many of the clinical and 
genetic details regarding Fragile X syndrome. For further 
information please refer to the following:

References

 Î Saul RA, Tarleton JC, FMR1- Related Disorders, GeneReviews®,  
https://www.ncbi. nlm.nih.gov/ books (Keywords FMR1 related disorders) 
(Accessed February 2017)

 Î American College of Medical Genetics and Genomics, ACMG Standards 
and Guidelines, https://www.acmg.net (Keywords Fragile X Guidelines)
(Accessed February 2017)

 Î Health Centre for Genetics Education, Fragile X Syndrome, www.genetics.
edu.au (Keywords Fragile X Fact Sheet) (Accessed February 2017)

 Î The Fragile X Association of Australia, https://fragilex.org.au (Accessed 
February 2017) 
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Hepatitis C is curable and, if the virus is eradicated, these 
complications are avoidable. However, until recently, the 
treatment options available (based on peginterferon alpha 
in combination with other agents) had success rates of 
only 70 per cent. Many patients were not eligible to receive 
peginterferon and treatment-associated side-effects led to 
sub-optimal outcomes for many of those who did receive it. 

A new generation of direct-acting antiviral agents (DAAs) 
is now available which has the potential to eradicate the 
virus in approximately 95 per cent of Australians with 
chronic infection (see Figure 1).

These are easier to take, highly effective and cause fewer 
side effects. To maximise the potential reduction in HCV 
prevalence and HCV-related mortality that these drugs offer 
requires that many more cases of chronic infection are treated 
overall. To achieve this, DAAs have had PBS-listing since 2015 
and, since March, 2016, primary care physicians in Australia 
have had the authority to initiate therapy. These measures give 
DAAs the affordability and accessibility necessary to lift the 
number of cases being treated to a level that could see the 
elimination of chronic HCV infection as a major public health 
issue in Australia.

An estimated 25,890 individuals initiated DAA treatment for 
chronic HCV infection during March to September, 2016, 
equating to 11 per cent of the people living with chronic HCV 
in Australia. This compares to treatment uptake rates prior to 
DAA availability of 1–2 per cent, so the strategy has proven to 

be an effective one.

To maximise the number of cases being 
treated, clinicians need to have a low 

threshold for screening their patients 
by performing hepatitis C serology. 
This is especially the case because 
people with chronic hepatitis C are 

usually asymptomatic, 30 per cent 
have normal LFT and there may be no 

clues that an individual is infected. As well 
as occurring in those who have used intravenous 

drugs, older migrants from countries where vaccination 
needle sterilisation was inadequate in the past, for example, 
Egypt, Italy and Pakistan, are at risk.

Hepatitis C:
Recent developments in 
treatment and testing
More than 230,000 Australians are chronically infected 
with the hepatitis C virus (HCV) and have a significant 
risk of developing liver cirrhosis, liver failure and 
hepatocellular carcinoma. As an indication of the 
importance of chronic hepatitis C as a public health 
issue, it is currently the most common indication for liver 
transplantation in Australia.

Dr Miriam Paul
MBBS, MM, FRACP, FRCPA
Clinical Microbiologist & Infectious Disease Physician
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Diagnosis

Hepatitis C serology

Testing for antibody to HCV remains the cornerstone of diagnosis. If the result is negative, infection is excluded, provided there 
has been no potential exposure in the recent past. Indeterminate and positive results for anti-HCV indicate the need for HCV PCR 
to establish the presence or absence of current infection. 

Hepatitis C PCR

There are three types of PCR in the context of HCV testing:
 Î HCV PCR (qualitative): This simply establishes the presence or absence of HCV RNA, without quantifying it. It determines 

whether or not the patient has ongoing viraemia and allows the interpretation of a positive or indeterminate anti-HCV result.
 Î HCV PCR (quantitative): Detects and quantifies HCV RNA. Synonymous with viral load.
 Î HCV PCR (genotype): Identifies the genotype(s) of HCV causing infection. This is an important determinant of treatment 

choice and prognosis. Genotypes 1a and 1b (54 per cent prevalence) and 3a (37 per cent prevalence) are the most common 
genotypes in Australia.

Chronic infection is defined as positive serology and PCR for longer than six months, that is, two positive PCR results, six months 
apart. This is because 25 per cent of infected people clear the virus spontaneously within six months of infection and thus do not 
require treatment. 
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Figure 1: Progressive improvement in sustained virological response associated with more (and more effective) therapeutic options becoming available since 
interferon monotherapy was introduced in 1991. 

HCV treatment success rate by drug used
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Treatment

This should be offered to all patients who have chronic 
hepatitis C. If the patient agrees to treatment, then a panel 
of pre-treatment tests should be ordered after history taking 
and examination:

 Î FBC, LFT, EUC, INR, liver fibrosis assessment, e.g., 
elastography (Fibroscan, ARFI, SWE)

 Î HCV genotype
 Î HCV viral load (quantitative PCR) 

These latter two determine treatment choice, duration and 
likelihood of success. 

 Î Consider testing to see if Hep A and B vaccination is 
required – HepA IgG and HepB sAg, HepBsAb and 
HepBcAb

 Î HIV, if risk factors

Monitoring of treatment

Hepatitis C PCR is not indicated while on treatment (non-
cirrhotic patients) because of high success rates. Exceptions 
may include non-compliance or the possibility of resistance 
to antivirals. At the end of treatment, HCV PCR (qualitative) 
should be performed. 

Patients with cirrhosis should have quantitative PCR (viral load) 
performed at weeks 4 and 12 (and week 24 if on prolonged 
treatment). These patients require close monitoring for adverse 
reactions to treatment, as do those with decompensated liver 
disease, or those receiving ribavirin.

Success of treatment (Sustained 
Viral Response, SVR)

HCV PCR (qualitative) should be performed 12 weeks after 
completion of treatment to determine cure. Viral load testing is 
not indicated.

Except in cases of cirrhosis, no further PCR testing is required 
once SVR has been established and if transaminases 
remain normal.

References

 Î Gastroenterological Society of Australia, Australian recommendations for 
the management of hepatitis C virus infection: a consensus statement 2016, 
https://www.gesa.org.au (Keywords ‘Hepatitis C Treatment’) or  
http://hepcguidelines.org.au (Accessed January 2017) 

 Î The Kirby Institute UNSW, HIV, viral hepatitis and sexually 
transmissible infections in Australia Annual Surveillance Report 2015,  
http://www.kirby.unsw.edu.au/ (Keywords ‘Viral Hepatitis 2015’)  
(Accessed January 2017)

 Î Centers for Disease Control and Prevention, Testing for HCV infection: 
An update of guidance for clinicians and laboratorians. MMWR 2013, 62 
(18); 362-365. https://www.cdc.gov/mmwr/ (Keywords ‘HCV infection’) 
(Accessed February 2017)

Hepatitis C: Recommendation for screening and diagnosis

 Î HCV seronegative individuals with risk factors – screen 
annually (HCV antibody)

 Î If HCV antibody is detected, assess whether past or 
current infection by qualitative HCV PCR

 Î Chronic infection defined as HCV antibody AND HCV 
PCR positive over at least six months

 Î All individuals with chronic HCV infection should be 
tested for HCV genotype
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 Î HCV seronegative individuals with risk factors – screen 
annually (HCV antibody)

 Î If HCV antibody is detected, assess whether past or 
current infection by qualitative HCV PCR

 Î Chronic infection defined as HCV antibody AND HCV 
PCR positive over at least six months

 Î All individuals with chronic HCV infection should be 
tested for HCV genotype

Hepatitis C: Recommendations for screening and diagnosis

 Î HCV seronegative individuals with risk factors – screen 
annually (HCV antibody)

 Î If HCV antibody is detected, assess whether past or 
current infection by qualitative HCV PCR

 Î Chronic infection defined as HCV antibody AND HCV 
PCR positive over at least six months

 Î All individuals with chronic HCV infection should be 
tested for HCV genotype

Reactive Detected

Not detected

Additional testing 
as appropriate

Provide care 
or link to care

Non reactive

HCV ANTIBODY TEST HCV RNA TEST
CURRENT HCV 

INFECTION

STOP
NO CURRENT

HCV INFECTION



DOCTORS’ NEWSLETTER  |  ISSUE 1 2017 09

Zika virus
Zika virus, until recently, known to few and feared 
by none, made an almost overnight transition into 
headline news in late 2015. The headlines were caused 
by the growing realisation that infection during 
pregnancy with this mosquito-borne virus (cause of 
mild fever and rash) was associated with the most 
devastating syndrome since congenital rubella was 
described in the 1940s. A surge in the number of cases 
of congenital microcephaly reported in Brazil has since 
been causally-linked to Zika virus infection of the 
mother during pregnancy.

Dr Michael Wehrhahn 
BSc (Med), MBBS (Hons), MPH (Hons), FRACP, FRCPA
Clinical Microbiologist & Infectious Disease Physician

Zika virus is a flavivirus, closely related to dengue. Its 
mosquito vectors (Aedes aegypti and A. albopictus) 
are found at altitudes below 2000 metres in many parts 
of the world, including southern USA, Europe and 
North Queensland.

From the Ugandan jungle, Zika spread progressively 
eastwards through Africa and Asia and, in 2007, into the 
Pacific region, when a large outbreak was reported on 
the Micronesian island of Yap. In 2013, there were large 
outbreaks in New Caledonia and it is likely that, from there, 
infected players or tourists visiting Brazil for the 2013 
Confederations Soccer Cup led to its introduction into that 
country. From Brazil, it spread rapidly to most of South and 
Central America and both imported and locally-acquired 
cases have been reported in Florida and Texas. 

The Brazilian outbreak was of particular concern because of the looming 2016 Olympic Games. The potential for infection of 
athletes on a large scale, and subsequent worldwide dissemination of Zika virus to any area where the vector mosquito was 
present, was regarded as real. However, public health interventions and cool weather led to low mosquito populations at the 
time of the Games and disrupted transmission of the virus. Active surveillance by WHO has not identified any infections having 
occurred in those returning from the Olympic Games.

As of December 2016, 69 countries reported locally-acquired cases but none was reported from North Queensland, where the 
vector mosquito is endemic. Mosquito-transmission accounts for the vast majority of cases but a small number (1-2 per cent) 
have been sexually transmitted. This is the first example of sexually-acquired arbovirus infection and the finding is supported by 
detection of the virus by PCR in semen for up to six months after infection.

Aedes aegypti 
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Congenital infection

Microcephaly is the characteristic feature of congenital 
Zika infection (see Figure 1), although it occurs in a 
minority of maternal infections (1-10 per cent). The 
risk is greatest when infection occurs during the first 
trimester and early second trimester. But why has 
Zika’s association with microcephaly only become 
apparent recently? It is thought to relate to the 
introduction of the virus into a completely susceptible 
population, in contrast to countries where it has been 
circulating for many years and infection (and immunity) 
occurs in most individuals before child-bearing age. 
Other neurological complications of Zika infection 
include Guillain-Barré syndrome, a post-infectious, 
autoimmune-induced, bilateral flaccid paralysis that 
occurs approximately one week after Zika infection. 
Rarely, myelitis, ocular abnormalities and hearing loss 
have also been reported.

Figure 1

Figure 2: Country of origin of locally 
diagnosed Zika virus infections  
(Data derived from SNP laboratory, 2016)
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Clinical features

After a short incubation of about one week, only 
20 per cent of those infected experience a mild 
febrile illness with conjunctivitis and maculopapular 
rash. Most infections are asymptomatic. Clinical 
presentation may resemble other arboviral infections, 
such as dengue and chikungunya, which have the 
same mosquito vector and often co-circulate. In 
addition to dengue and chikungunya, parvovirus B19, 
scarlet fever, measles, rickettsia and leptospirosis may 
present with similar symptoms.
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Prevention

The prevention of Zika virus transmission relies largely on:

1) Avoiding unnecessary travel to Zika endemic countries 
while pregnant or planning conception. 

2) Avoiding mosquito bites. 
3) Using condoms or abstaining from sex if potential 

exposure has occurred. 
4) A Phase 1 trial has commenced on an inactivated 

Zika vaccine. 

Laboratory diagnosis

Anyone returning from an endemic country with compatible 
symptoms (or if pregnant, regardless of symptoms), should 
have Zika serology and PCR performed on blood (first week of 
symptoms) or urine (first four weeks following symptoms). 

For those returning from endemic countries and who are 
planning pregnancy, current guidelines recommend delaying 
pregnancy for eight weeks following return from an endemic 
country or six months following return of a potentially exposed 
male partner. Serology can also be used to assess the risk 
of congenital infection. Zika serology which is negative 
at four and six weeks after last potential exposure makes 
it highly unlikely that infection has occurred. Any queries 
should be directed to a clinical microbiologist or infectious 
diseases physician.

When requesting Zika testing, it is important to include the 
following information:
 Î Symptomatic or asymptomatic
 Î Pregnancy status
 Î Travel destination and dates of travel
 Î Date of onset of symptoms, if present
 Î Vaccination history, e.g., Yellow fever/Japanese encephalitis

In those who have symptomatic infection, it is also 
recommended to co-request dengue and chikungunya 
serology which cause similar illnesses and co-circulate.

In the last six months, our affiliate laboratory Sullivan 
Nicolaides Pathology (SNP) has been performing Zika 
testing and only 1-2 per cent of tests have been found to be 
consistent with recent infection. As of early December 2016, a 
total of 119 cases (both probable (n=40) and confirmed (n=79) 
have been reported in Australian travellers, with about 80 per 
cent of these samples collected from 2016 (see Figure 2). One 
quarter of confirmed cases have been diagnosed in NSW.

References
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health practitioners, http://www.health.gov.au (Keywords ‘Zika Virus’) 
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 Î World Health Organization, Zika Virus, http://www.who.int (Keywords ‘Zika 
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Figure 3: New detection of mosquito-borne Zika 
virus infections, January 2013–February 2017 
(Source: WHO, Feb 2017)



Our Doctors’ Newsletters contain articles written by our pathologists 
which focus on current issues and recent developments in pathology. 
Suggestions from you, which we invite wholeheartedly, are the best 
guarantee that our Doctors' Newsletter becomes a resource of maximum 
possible interest, information and relevance. If you have any topics 
you would like to suggest please feel free to contact Dr Ian Chambers 
(Medical Editor, DHM Publications) at med.ed@dhm.com.au. 

We look forward to hearing about your topics of interest and 
encourage your participation.

Dr Ian Chambers  
MB, ChB, FRCPA, MASM
Medical Editor
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