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In this issue 

The New Zealand poultry industry sparingly uses apramycin, an 
aminog lycoside antibiotic, to treat clinical cases of colibacillosis and 
infections caused by E. coli or Salmonella species. In th is issue Jane 
Miller shows that, from supermarket brought chickens, Escherichia 
species from two chickens were found with apramycin, tobramycin and 
gentamicin resistances. The implication for humans is that they may be 
at risk from apramycin use in the poultry industry and suggests that 
there should be a ban of apramycin use in agriculture. 

In an accompanying Editorial, John Aitken describes how Jane Miller, a 
student at St. Margaret's College in Christchurch, got to do her study 
on apramycin induced gentamicin resistant E. coli for her International 
Bacca laureate Diploma. Aitken states that Millar's simple but elegant 
findings "raise serious questions about the lack of surveillance of retail 
food products in New Zealand. " 

Rossi Holloway presents a case study of sideroblastic anaemia secondary 
to chronic alcoholism in this issue. Upon reducing alcohol intake 
and receiving folate and vitamin B6 therapy, some of the patient's 
haematological abnormalities had returned to normal . Holloway then 
gives a brief overview on the haematological aspects of chronic ethanol 
consumption and associated sideroblastic anaemia. 

To the Editor: 

In this issue Gloria Evans gives a comprehensive review of molecular 
methods used in medical microbiology testing . Of particular interest 
to New Zealand medica l laboratory scientists is an up to date list of 
direct molecular testing on clinical specimens currently available in New 
Zealand medical laboratories. 

Dennis Reilly, from MedLab Auckland, delivered the prestigious TH 
Pullar Memorial Address at the South Pacific Congress in August. His 
address is in this issue and Rei lly, among other issues, comments on the 
recent events surrounding the Auckland medical laboratory scene. He 
states that there are still challenging times ahead for laboratory services 
in New Zea land. 

Another journal-based questionnaire is in this issue. As with the previous 
issue's questionnaire, members wi ll have to get at least 8 out of 1 0 
questions right to earn 5 CPD points. The journal-based questionnaire 
is a very popular avenue for members to obtain CPD points, with over 
500 members submitting for each of the past issues' questionnaires. 
However, there were some members who initia lly did not get at least 8 
answers right from the August 2007 issue. Looking at those, as well as 
many w here members just managed to get 8 out of 1 0 right, it appears 
t hat some members do not read the arti cles or the questions careful ly. 
Remember, most questions require more than one answer. 

In my recent article "The diagnostic footprints- a case study" (N Z J Med Lab Sci 2007; 61 (2): 33-5) I forgot to put in the following acknowledgement: 

The actual protocol for checking reaction monitors on HDL cholesterol results of <0.50mmoi/L, is an NZDG wide protocol, originating from work 
initiated at Southern Community Laboratories, Christchurch by Maxine Reed. 

Barbara Hoy 

Hamilton 

Med-Bio Journal Award ~~ 
med·bio 

Med-Bio offers an award for the best article in each issue of the New Zealand Journal of Medical Laboratory Science. All financial members of the 
NZIMLS are eligible. The article can be an Original, Review or Technical Article, a Case Study or a Scientific Letter. Excluded are Editorials, Reports, or 
Fellowship Treatises. No application is necessary. The Editor and Deputy Editor will decide which article in each issue is deemed worthy of the award . 
If, in their opinion no article is worthy, then no award wi ll be made. Their decision is final and no correspondence wi ll be entered into. 

W inner of the Med-Bio Journal Award from the August 2007 issue was Rajani Gutha from Core Laboratory, Wellington Hospital for her art icle 
"Seria l serum prostate specific antigen measurements over t ime in a patient presenting w ith a metastatic adenoca rcinoma of unknown origin " . 
N Z J Med Lab Sci 2007; 61 (2): 31-2. 
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Editorial 
Heigh-ho! Come to the fair! 

It's that time of year aga in, the birds are singing, the daffod ils are 
blooming, and across the country t he school science fairs displays 
are opening their doors to the public. Concurrently supermarkets 
enjoy increased sa les in cleaning products, Ribena™, dishcloths and 
antibacterial toi let cleaners whi le local fast-food retailers quake in fear. 

The first sign of spring for the medical laboratory is the phone ca lls from 
parents asking if we can help in management of their child 's project. I 
generally commence this process by meeting with the child, to assess 
t he attitude of the researcher, the resources required and the scope 
of the project. Projects ra nge from the mundane (the much favoured 
testing of the advertisers' claims to eradicate "99.9% of all household 
germs") to t he frighten ing. One ambitious 14 year old wanted to 
transfer plasmid-mediated res istance to important human pathogens 
and in response to my obvious reluctance, pointed out that there was 
nothing against genetic modificat ion in t he science fa ir regu lations! 
We discussed eth ics at some length, and the subsequent project, w hilst 
a shadow if its former self, sti ll won a prize, and the world is safer 
for democracy. 

And then there are the children, and they fascinate me. Encouraged 
by parents, teachers, the Discovery Channel, an ea rly encounter with a 
chemistry set or a toy microscope, they follow their dream. If they are 
very lucky, they experience at a young age w hat Richard Feynman (1) 
ca lls "the kick in the discovery", and they are add icted for life. 

Li ke the alien-implanted characters portrayed in "C lose Encounters 
of t he Third Kind", they embark on the search for the Mother Ship. 
Eventually they arrive at our doors, and hopefully we welcome them, 
for their passion has driven them a long way. Crown Research Industries 
(C Ri s) do not feature prominently as science fair mentors, perhaps they 
are restricted by hea lth and safety concerns in their interactions w ith 
schoolchildren, or do not welcome the opportunity to create controversy. 
Some of the projects cha llenge advertising claims or government 
wisdom. Projects requ ire supervision, and most medical laboratories are 
understaffed and overworked, but we do two th ings well • we teach, 
and we produce data. 

Nearly all the data available to the Government for planning of 
preventative health strateg ies (sexually transmitted diseases, diabetes, 
heart disease, antibiotic resistance) is produced by the medical 
laboratories. Subsequent press re leases by high profile researchers and 
the CRis may imply otherwise, but reliance on the medical laboratories 
is crucial to the ted iously constructed monitoring reports and the 
conclusions reached by research bod ies. 

Medical laboratories are also the prime source of techn ical workers 
for food and veterinary laboratories, CRis, State Owned Enterprises 
(SOEs), environmental laboratories, and all levels of scientific research. 
Add itionally, med ical laboratory scientists tra in clinica l microbiologists 
and Bachelor of Med ica l Laboratory Science (BMLS) students. When we 
are gone, t hey w ill miss us. 

Jane Millar is an example of w hat we do best, and her work is material 
evidence of her ability to analyse data, develop methodologies, and to 
think for herself. I first met Jane Millar w hen, as a 13 year old student, 
she shared our laboratory resources to complete a science fair project. 
Her contribution to this issue of the Journal was carried out when she 
was 17 years old, as part of a Baccalaureate qualification, and is a good 
example of the type of research carried out by High School students 
throughout New Zea land. 

Millar describes the steps taken to isolate antibiotic resistant E.co/i 
from reta il chicken products and discusses t he relevance of her f indings 
in relation to the use of antibiotics by the poult ry industry (2). The 
techn ical simplicity of this study and the process by which she analysed 
her observations ra ise serious quest ions about the lack of surveil lance 
of reta il food products in New Zealand . Eight years ago the Animal 
Remed ies Board and it's successor, t he New Zea land Food Safety 
Authority (NZFSA), were charged with t he responsibi lity of monitoring 
antibiotic resistance in reta il meats (3), but this is yet to happen. Perhaps 
the NZFSA shou ld be going to High Schools and science fairs to contract 
for the necessary research! 

Richard Feynman observed that "science is truth" (1) and Mil lar's 
successful isolation of aminoglycoside resistant E.co/i from domestic 
reta il chicken product is indisputable. Her concern about contamination 
of reta il meat with antibiotic resistant E. coli is well-founded, and the 
conspicuous lack of independent research in New Zea land has been 
partially addressed by her intelligent specu lation on the circumstances 
surrounding her primary observations. 

Millar's observation that poultry products may be a medically important 
source of antibiotic resistance factors in Enterobacteriaciae is not new, 
the most recent example is reported in a study by Johnston et al (4) and 
describes the genesis and li kely transmission route of ant ibiotic resistant 
E.coli from poultry to humans in the United States of America. Certainly, 
medica l laboratory scientists in New Zealand are fam iliar with the faeca l­
oral route as a significant mode of transmission for multiply-antibiotic 
resistant E. coli within hea lthcare facilities in New Zea land. 

Given also the high rates of food-borne gastrointestinal disease in 
New Zealand it is highly li kely that gentamicin resistant E.co/i from 
pou ltry are capable of colonising the human gut. It is but a short step 
in imagination to envision w idespread dissemination and plasmid­
mediated transmission of these resistance factors to other gram­
negative enteric bacilli. 

For all the hype about the "knowledge wave", innovation in science 
and the pursuit of excel lence in research, most scientists measure 
government support in terms of financial support and therefore 
have a justifiably pessimistic attitude to the future of science in New 
Zealand . Behavioural and social science is favoured in funding rounds. 
Environmental and diagnostic microbiology research may result in 
bad news for the Government. As J Edward Deming observed, and 
scientists echo, "bearers of bad tid ings seldom fare well." The lips of 
the Emperor say "yes" to investigative environmental microbiology but 
the eyes scream "no!" The tide, it seems to some, is going out on 
science in New Zealand and the future career prospects for budd ing 
young scientists are bleak. Train ing and supportive infrastructure have 
been eroded away by successive waves of reform ca lculated to extract 
maximum short-term va lue for the science dol lar. 

In the midst of such gloomy and apoca lyptic speculation, there are 
some rays of hope. There are teachers who champion science in the 
classroom, and convey thei r evangelica l zeal li ke electricity to receptive 
students. In the face of the ted ium of the education system they stand 
out. Their untiring efforts are celebrated at the science fairs and across 
the family dinner tables of their pupils. 

The children who shine in science fairs and baccalaureate projects 
seem to have a passion for science and often exhibit a perseverance 
and single-mindedness towards their work that is rejuvenating for 
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those of us who are soon to leave the bench. In their future careers 
(shou ld they be fortunate enough to find a job in science which rea lises 
their dreams) they hopefu lly w ill not take "no" for an answer, and w ill 
not compromise in the face of politica l pressures to back away from 
controversial issues. Hopeful ly. 

Maybe, as the British rock group "The Who" put it 40 years ago : 
"The Kids are Al right" 
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The relationship between use of apramycin 
in the poultry industry and the detection of 
gentamicin resistant E. coli in processed chickens 
Jane Rosemary Millar, International Baccalaureate Diploma 
St. Margaret's College, Christchurch 

Abstract 

Apramycin is an aminoglycoside antibiotic used sparingly by the New 
Zealand poultry industry. Apramycin resistance is generally caused by 
an aminoglycoside modifying enzyme (AME), w ith t he most common 
example being apramycin-acetyltransferase [AAC(3)-IV]. This enzyme 
can also inhibit the action of two common and medica lly important 
aminoglycosides, tobramycin and gentamicin. Development of apramycin 
resistance requires previous exposure to the compound, so consequently 
resistance to all three aminoglycosides can be triggered by exposure to 
apramycin. Research has found that antibiotic resistant bacteria can be 
introduced to the human gastrointestinal tract through food, w here 
they can spread their resistance factors to other bacteria via horizontal 
gene transmission. Acquired antibiotic resistance in pathogenic bacteria 
prolongs infections and decreases treatment options. 

Gram-negative bacterial strains were cultured from six different raw 
ch ickens from a va riety of commercial sources, including organic farms. 
The susceptibility of these strains to a range of med ica lly important 
aminoglycosides and apramycin was established using the Kirby-Bauer 
disc diffusion method. After incubation, the resu lting zone sizes were 
measured to establish the susceptibility range. 

Escherichia species from two ch ickens were found w ith apramycin, 
tobramycin and gentamicin resistances. This observation suggests 
that the resistance resulted from prior exposure to apramycin, causing 
res istance due to the acqu iri ng of t he [AAC(3)-IV] enzyme. This pathway 
is significant, as it suggests humans are at risk from apramycin use in 
the pou ltry industry. 

Key words: apramycin, gentamicin resistant E. coli, poultry 
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Introduction 

Chicken represents 35 percent of all meat consumed in New Zealand 
(1 ). In 2006, the average New Zealander consumed 36.5kg of chicken 
(2). To supply this heavy demand, New Zealand poultry farmers have 
adopted methods of intense chicken husbandry, minimizing the use 
of land space. However, this can lead to the ch ickens being raised in 
cramped conditions enabling rapid transmission of pathogenic bacteria 
w ithin a f lock. One way to control t his spread is the sub-therapeutic use 
of antibiotics. Antibiotics are administered to f locks of ch icken through 
feed or water, acting not on ly as general disease-prevention insurance, 
but also as a growth promoter. The mechanism for the latter is not 
well-understood, but may resu lt from the reduction of normal intestinal 
f lora wh ich compete w ith the host for nutrients. Harmfu l gut bacteria 
are also reduced, w hich may indirectly promote growth. Prolonged 
use of low levels of antibiotics may select and promote the growth of 
antibiotic resistant bacteria in the host .. 

Apramycin, an aminoglycoside is important in animal husbandry around 
the world and is used by the Poultry Industry Association of New Zealand 
(PIANZ) members, w ho collectively account for 99% of New Zealand 's 
broiler chicken production. Apramycin is predominantly used in poultry 

breeder flocks for short periods, to treat clin ical cases of colibacillosis 
and infections caused by E. coli or Salmonella species. During the 
last aud ited year (2004-2005) on ly 7.35 ki lograms of apramycin was 
admin istered to ch ickens belonging to PIANZ; a mere 0.014% of all 
antibiotics used in New Zea land animals (3). 

Gentamicin has been used in horticulture and agriculture in New Zealand 
(4), PIANZ states that their members have never used gentamicin (3). 
Tobramycin is an aminoglcoside with an extended spectrum capable of 
treating infections w ith gentamicin res istant bacteria . It is not used in 
agriculture, but is reserved for life-threatening infections in humans. 

Although there are different mechanisms of aminog lycoside resistance, 
plasmid encoded enzymatic modification is the most common (5). Many 
aminoglycoside modifying enzymes (AME) exist and by testing the 
susceptibility of isolates aga inst a range of aminoglycoside antibiot ics, 
a pattern of resistance emerges that is unique to a specifi c enzyme 
(6). A commonly known apramycin inh ibiting enzyme is apramycin­
acetyltransferase [AAC( 3 ) -IV ] w hich also inactivates gentamicin and 
tobramycin (7). The resistance for apramycin due to this enzyme is 
unique in that it on ly occurs after exposure to _apramycin. Interesting ly, 
exposure to apramycin can cause the resistance to apramycin, 
gentamicin and tobramycin, but gentamicin exposure cannot cause 
apramycin resistance to form (J Aitken, personal commun ication). 

Methods 

6 fresh ch ickens were purchased from Christchurch Merivale Fresh 
Choice supermarket on the 161

h February 2006 where they had been 
displayed in an open 4°C refrigeration un it. Each chicken was assigned 
a number to ensure anonymity of the producer. These chickens were: 

1.Corn-fed free-range fresh chicken. 

2. Fresh chicken, barn raised, no added hormones. 

3. Fresh chicken, no added hormones, barn raised, size small. 

4. Chicken, free range organic "bio-gro" certified, no growth 
promotants, no antibiotics 

5. Fresh chicken, no added hormones, barn-raised . 

6. Fresh chicken, no hormones added, barn raised, size large. 

Colonies of Gram-negative bacteria were isolated from the different 
brands of raw chickens using selective media and the aminoglycoside 
susceptibility profiles were determined using the Kirby-Bauer method 
as follows: 

Using a steri le syringe, the plastic wrapping was punctured and 
approximately 1 OOmL of the flu id was aspirated from each chicken and 
transferred into a correspond ing numbered test tube. 1 001JL of t he fluid 
from each chicken was transferred into five steri le test tubes conta ining 
MUG broth (a qua litative fluorescent detection media used to detect 
E. Coli in water samples). The tubes were then incubated for 24 hours 
at 37°C w ith lids on. 
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After removal from the incubator, in a dark area a UV light was shone 
over each test tube . Any fluorescence was recorded and a blood 
MacConkey agar plate was inoculated and streaked for each test tube 
(i.e. 5 plates for each chicken). The plates were incubated for 24 hours 
at 37°C. 

One sample colony of growth on each plate and was emulsified in a 
nut rient broth and this was used to prepare KB antibiotic sensitivity 
plates stamped w ith apramycin, gentamicin, tobramycin, kanamycin, 
streptomycin, neomycin, and amikacin discs, t hen incubated for 24 
hours at 37°C. The antibiotic susceptibil ity plates were examined after 
incubation and susceptibility profiles were measured and recorded. 
Isolates exhibiting apramycin resistance were observed and a 
representative isolate was taken for further study. The antibiotic disc 
zone sizes on the plates were measured and CLSI based methodology 
was used to classify the bacteria as being res istant, intermediate or 
sensitive to the antibiotic. API20 bacterial identification kits were used 
to identify the genus and species of any growths showing significant 
aminoglycoside resistances. 

Add it ional ly, 5ml of sa line was used to wash the ch icken carcass and 
then centrifuged at 3000rpm for 15 minutes. The centrif igate was 
inoculated onto Campylobacter isolation media (Fort Richard) and 
incubated at 42°C for 48 hours in C02 . After incubation the plates 
were examined for growth of Campy!obacter species. 

Results 

Campy/obacter species were isolated from all six chickens. A ll samples 
fluoresced under the UV light indicating the presence of 1 but not 
the quantity. The different chickens' isolate resistance patterns were as 
shown in Fi gures 1 to 7. 
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Figure 1. Apramycin zone sizes. 
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Figure 2. Amikacin zone sizes. 

Figure 2 shows that all the bacteria were sensitive to amikacin. Th is 
is to be expected, as amikacin is not used in agriculture. The lack of 
res istance also indicates that the AME causing amikacin resistances is 
not formed in response to apramycin exposure. 
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Figure 3. Gentamycin zone sizes . 

Figure 3 shows that the susceptibility for gentamicin varied considerably 
between the bacteria from the different chickens. The bacteria from 
chicken 5 and 6 were considered to be resistant because of the limited 
zone size. The rest were classified as sensitive. Since gentamicin is not 
used in agriculture, resistance cannot have been caused by exposure. 
Gentamicin resistance only occurred where apramycin resistance 
occurred (Comparing Figures 1 and 3). Apramycin and gentamicin 
resistances are known to be caused by the same AME, [AAC(3)-
1VL therefore these gentamicin resistances probably exist due to 

Figure 1 shows that the bacteria from chickens 5 and 6 were res istant apramycin exposure. 
to apramycin wh ile the rest were sensitive. No intermediate resistances 
were found, ind icating that apramycin resistance factors cause 
complete res istance. 

NZ J Med lab Science 2007 

66 



25 

23 

2 1 

e- 19 
5 

"7:: 17 
e s 15 

" i5 13 

jll 
9 

7 

Kanamicin (K) Zone Sizes 

Chicken Number 

Figure 4. Kanamicin zone sizes. 
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Figure 4 shows that the bacteria cultured from all of the chickens 
were sensitive to kanamicin. This is to be expected, as kanamicin is 
allegedly not used in agriculture. The lack of resistance also indicates 
that t he AME causing kanamicin resistance is not formed in response to 
apramycin exposure. 
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Figure 5. Neomycin zone sizes 

Figure 5 shows that the majority of the bacteria were intermediate 
resistant to neomycin . Since neomycin is registered for use by PIANZ', 
this intermediate resistance probably resulted from neomycin exposure. 
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Figure 6. Streptomycin zone sizes. 

Figure 6 shows that there was little variation in resistance to 
streptomycin and that the majority conta ined bacteria intermediately 

resistant. Streptomycin is not used by PIANZ and it is not bel ieved to be 
a substrate of the AME ca used by exposure to apramycin. Streptomycin, 
however, is used in large amounts in the pip fruit industry and th is 
act ivity could result in a sign ificant reduction in streptomycin sensitivity 
in the environment that the chickens may have acquired. 
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Figure 7. Tobramycin zone sizes. 

Figure 7 shows the large variation in resistance to tobramycin. The 
bacteria from chicken 6 was completely res istant to tobramycin, the 
bacteria from chicken 5 had a very restricted zone size, classifying it also 
as resistant, wh ile the rest of th e bacteria was sensitive. Since tobramycin 
use is restricted to human medical use on ly, resistance cannot have 
been ca used by exposure. Tobramycin resistance on ly occurred where 
apramycin and gentamicin resistance occurred (comparing fFgures 1, 3 
and 7). Therefore these tobramycin resistances probably were caused by 
apramycin exposure causing a resistance due to the [ACC(3)-IV] enzyme, 
resulting in apramycin, gentamicin and tobramycin resistances. 

Campylobacter species was grown from all six samples, including the 
organ ica lly raised ch ickens. Results from the Api20 test kits identified 
the bacterial isolate from chicken 5 as Escherichia coli and chicken 6 as 
Esherichia fergusonii. 

Discussion 

In both apramycin resistant isolates, resistance was found to gentamicin 
and tobramycin, medically important antibiotics. Since apramycin, 
tobramycin and gentamicin res istance can all be caused by the production 
of the [AAC(3)-IV] enzyme in the bacterium due to apramycin exposure, 
these results suggest that the use of apramycin by PIANZ has triggered 
medica lly important aminoglycoside resistant bacteria in chickens. 

Campylobacter is one of the most of common causes for human 
gastroenteritis, and its occurrence in all 6 sampled chickens is 
unsurprising, given the established link between Campylobacter 
infection and raw chickens. 

In 2003 Cook et al (8) examined vancomycin-resistant Enterococcus 
facecalis isolates in humans, wh ich appeared to be indistinguishable or 
genetica lly closely related to the dominant poultry vancomycin-resistant 
E. faecalis clone. It was suggested that there was either a transfer of 
antibiotic resistant bacteria from poultry to humans by the food cha in, 
or gene transfer of resistance in the human gastrointestinal tract. 
Simi larly it is possible for the aminog lycoside resistant bacteria found in 
this investigation to be introduced into the human gastrointest ina l tract 
where they can survive for up to six weeks (9), enabling gene transfer 
to take place. This can lead to t he transference of resistance to other 
pathogens, thus preventing the possibility of therapeutic treatment 
for that pathogen with the aminoglycoside antibiotics. If infections 
caused by res istant bacteria fa il to respond to treatment it can resu lt in 
prolonged illness and a greater risk of death. Failed treatment can also 
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mean longer periods of infectivity, increasing the number of infected 
people in the community. And f inally w hen infections become resistant 
to f irst-line antibiot ics, second or th ird-line drugs are used, w hich are 
nea rly always much more expensive and sometimes more toxic as well. 

The acquisit ion of resistant plasmids may have been a consequence 
of selective pressure exerted by the use of apramycin in poultry. The 
two isolates w hich are assumed to contain t he [AAC(3)-IV] AME 
belong to the Escherichia genus, w hich are ubiquitous inhabitants of 
the intest ine of warm-blooded animals, including avian species and 
are usually harmless . The resistant st ra ins were identif ied as E. coli, 
and E. fergusonii. These bacteria are potential pathogens as new stra ins 
arise all the time from natural mutations including particularly viru lent 
strains such as E. coli 0157:H7 . Effective use of antibiotic therapy 
will result usually in the eradication of the infecting organism, therefore 
the presence of resistant bacteria suggests that bacteria survived 
apramycin exposure through a natura l selection process caused by sub­
therapeutic use. 

Finally, apramycin is used mostly for infection control of breeder flocks 
of ch ickens, which are not processed for consumption. Finding the 
resistant bacteria in broiler chicken implies spread of bacteria between 
f locks, suggesting that t he consequences of antibiotic use are more 
w idespread than ant icipated . 

Apramycin resistant bacteria may have been developed by intensive 
use of apra mycin previously, so may not have been caused by the 
current therapeutic use . This is a possibility because antibiotic resistant 
bacteria can persist long after the removal of t he select ion pressure 
(1 0). Am inog lycoside resistances t hat have arisen may therefore be 
diffi cult, if not impossible to reverse . A comprehensive f ield eva luat ion 
of apramycin use by PIANZ would be needed to further invest igate 
th is likelihood . If these resistances were caused by the historic use of 
apramycin, it wou ld be a strong indicator that the use of apramycin 
causes other resistances to develop. 

PIANZ justify t he use of ant ibioti cs by saying the chickens must be 
"protected from and, the rapidly diagnosed of any significant injury of 
disease." (11 ). Accord ing to PIANZ, w hen used for hea lth maintenance, 
antibiotics allow better nutrient uti lisation and reduce the amount 
of feed needed and allow the ch ickens to grow to fu ll potential. 
Antibiotics also lower the incidence of sickness and death in the chicken 
flocks, consequently reducing the pain and suffering of the chickens. 
PIANZ have stated "To date, there is only indirect scientific evidence 
linking the use of antibiotics in food animals with the potential to 
compromise the efficacy of related antibiotics in humans." and present 
results from overseas studies (conducted by the Heidelberg Appeal 
Netherland Foundation 1999), wh ich found that there was no evidence 
that antibiotics used in animal production compromise the efficacy of 
related antibiotics in human medicine. In my opinion, the sma ll sample 
of this investigation contradicts their claim, raising the possibi lity that 
industry may select scientific information displaying results benefiting 
t heir business. 

Intermediate resistances to neomycin and streptomycin were also found 
but suggested a different resistance mechanism than the AME caused 
by apramycin exposure. The neomycin res istance may have been caused 
by its use in the poultry industry and the streptomycin resistance may 
have been caused by use in horticu lt ure. Not enough is known about 
the resistance mechanisms of neomycin and streptomycin to make any 
defin iti ve links to use in agricult ure. 

Streptomycin is not used by PIANZ, but is extensively used in other 
areas of agricu ltu re and horticu lture. The discovery of streptomycin 
resistances in t he chicken has indicated the extent of t he possible 
w idespread distri bution of antibiotic resistant bacteria. The t ransmission 
of antibiotic resistant bacteria is not limited to food-borne transmission; 
other methods include surface water via eat ing crops and meat pet 

food via pets. These methods have not been investigated in-depth, so 
are poorly understood, but still pose a significant ri sk to human hea lth. 

The Expert Panel on Antibiotic Resistance convened by t he New Zealand 
Food Safety Association (NZFSA) in 2005 did not express concern about 
aminog lycoside use in pou lt ry because it was used minimally and in 
highly supervised conditions (3) However, an external review of the 
Expert Panel's review said, "There is no discussion of the strong cross­
resistance relationship between apramycin and gentamicin. " (12). It is 
possible t hat the NZFSA were unaware of t he environmenta l impact of 
apramycin, or that the pressure to supply t he growing population's food 
demand is too overw helming to consider other options. Eit her way, there 
has not been enough monitoring or investigation of apramycin usage 
for satisfactory answers to the questions raised by this research, which 
suggests that restricted use of apramycin, even for therapeutic purposes 
cannot guarantee that resistance to aminoglycosides important in the 
human medicine w ill not be selected. 

In order to preserve and protect the effectiveness of medically important 
antibiotics, the spread of antibiotic resistant bacteria needs to be 
reduced. This shou ld start with a ban of apramycin use in agriculture. 
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Sideroblastic anaemia secondary to chronic 
alcoholism: a case study and review 
Rossi Holloway, BMLSc 
Haematology Department, PathLab Bay of Plenty 

Abstract 

Recent literature on secondary acquired sideroblastic anaemia reports 
on the high prevalence of this type of anaemia in alcoholics. Studies 
have also shown that the sideroblastic abnormality is only seen in those 
alcoholics with an associated folate deficiency. Furthermore, folate 
deficiency in alcoholics is not only from the poor nutrition associated 
with a ' liquid diet', but also from the effect of ethanol on folate 
absorption, catabolism and excretion. This case study is used to review 
recent literature on the haematological aspects of chronic ethanol 
consumption and associated sideroblastic anaemia. 

Key words: sideroblastic anaemia, alcohol, fo late 
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Case history 

Patient B, a 54-year-old fema le, presented to the emergency department 
in June 2006 w ith a moist cough and coinciding chest pain, and possible 
jaundice. Emergency staff noted a 'sta le alcoho l smell' on admission. 
Examination showed a weight of 49 kg and an enlarged liver. The 
patient stated that she had lost approximately 25kg over the last two 
yea rs. She was admitted to the ward and intravenous antibiotics for the 
treatment of pneumonia were begun . On admission, the patient had a 
macrocytic anaemia (MCV 108 fL and Hb 1 06 g/L), with target ce lls and 
toxic changes seen in the blood film. She had abnormal liver functions 
w ith a markedly raised GGT of 1114 U/L. 

The patient presented again December 2006 w ith symptomatic 
anaemia, and investigation showed that she consumed 10-15 nips of 
wh iskey a day. Clinica l investigations ruled out blood loss as a cause of 
her anaemia. Her folate level was 3.6 nmoi/L, and she had an absolute 
reticulocyte count of 9x1 09/L. Siderocytes had been noted on prior blood 
f ilm examinations but it was not until this time that alcoholism was 
suggested as a cause, and that sideroblastic anaemia cou ld be present 
in th is patient. In review of these results, a bone marrow aspirate was 
recommended . This showed mixed marrow cel lularity, with iron stores 4+ 
(using Prussian blue staining), and showing florid sideroblastic change. 
At the time of this bone marrow aspiration, Patient B had ferritin of 
2049 g/L and her iron saturation was 73%. Both of these extremely 
high results were due to her sideroblastic abnormality. A diagnosis of 
alcoholic liver disease with secondary acquired sideroblastic anaemia 
was therefore established for this patient. 

Patient B fina lly presented in March 2007 with a H of 70 g/L. She had 
dramatica lly reduced her alcohol intake and had been on folate and 
vitam in B6 therapy. Her MCV had returned to w ithin normal range (96 
fL), and no siderocytes were seen in her blood fi lm. 

Sideroblastic anaemia 

The sideroblastic anaemias are a heterogenous group of disorders with 
t he unique cha racteristic of amorphous iron deposits in erythrob last 
mitochondria (1 ). These iron deposits are the result of ineffective 
insertion of iron into the developing haem molecule. To understand 
the causes of sideroblastic anaemia, the pathway of haem synthesis is 
described in Figure 1. 

Succinyl-CoA 
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5-aminolevulinic acid 
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Fe2+ Haem '------1 Ferrochelalase 
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i 
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Figure 1. Simplified diagram of haem synthesis, occurring both w ithin 
and outside the mitochond rion. Note that the cofactor for ALA-synthase 
is pyridoxa l phosphate. ALA: 5-aminolevul inate. Modified from Bridges, 
and Wi ley & Moore (2,3). 

There are three forms of sideroblastic anaemia: hereditary, primary 
acqu ired, and secondary acqui red. The hereditary form is caused by a 
mutation on the X-chromosome, resulting in a defect in ALA-synthase 
(Figure 1 ). Primary acquired sideroblastic anaemia, wh ich involves 
abnormal haematopoiesis, is idiopathic, as it is not clear what the 
cause of defective haem synthesis is in the abnormal erythroid clone 
(3) This type of sideroblastic anaemia is the one most common ly seen 
in the haematology laboratory, as it is part of the myelodysplastic 
syndromes - a series of clonal haematopoietic stem cell diseases. The 
myelodysplastic syndromes are characterised by refractory anaemia and 
ringed sideroblasts, which can transform into a state with excess blasts 
and then on to acute leukaemia. 

The causes of secondary acquired sideroblastic anaemia, and the 
mechanisms behind them, have been extensively researched. One of 
the most common causes of secondary acqu ired sideroblastic anaemia 
is chronic ethanol consumption, with a ringed sideroblast abnormality 
occurring in 25-30% of anaemic alcoholic patients (1 ,4,5). Consumption 
of over 80g ethanol a day w ill lead directly to sideroblastic anaemias (1 ). 
A single 45 mL nip of wh iskey conta ins 12 g ethanol, so to consume 
>80 g/day, t he patient must be drinking over 6 nips a day (6) 

Alcohol has two effects on haematopoiesis. Firstly, it is directly toxic 
to developing ce lls, causing an increased or high-normal MCV and 
vacuolation of erythroid precursors. Secondly, alcohol consumption 
causes lowering of the plasma concentration of pyridoxa l phosphate. As 
shown in the pathway of haem synthesis (Figure 1 ), pyridoxal phosphate 
is a cofactor for ALAS. The product of alcohol breakdown in the live r, 
aceta ldehyde, accelerates hepatic degradation of pyridoxal phosphate, 
meaning there is less cofactor for ALAS and thus the pathway of 
haem synthesis is disrupted (3). As a result, iron is not inserted into the 
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developing haem molecule, but bu ilds up in the mitochondria. Because 
erythrocyte production is depressed, more iron is absorbed from the 
gastrointestina l tract in an attempt to increase thi s. Thus, the patient 
moves into a state of iron overload . If alcohol consumption is ceased, 
t he sideroblastic abnormalities in these patients wi ll resolve w ithin 
14 days (1,3,4). 

Figure 2. Prussian blue sta in of Patient B's bone marrow. Arrows show 
mitochondrial iron deposits in developing erythroid cells. 

Alcohol also affects the absorption of iron directly. This is due to its 
direct toxic effect on the gastrointestina l tract, causing increased iron 
absorption. In those alcoholics w ithout blood loss, this may result in 
acqui red haemochromatosis (5) . The characteristic mitochondrial iron 
load ing seen in the sideroblastic state is t herefore exacerbated [ 1 0]. 
Those alcoholics w ho develop haemochromatosis are at increased risk 
for liver cancer. 

Folate deficiency 

Alcoholics often suffer from both primary and secondary malnutrition. 
Primary malnutrit ion is where alcohol replaces nutritious meals (a 
' liquid diet'), whereas secondary malnutrition occurs when the alcohol 
interferes w ith the absorption or metabolism of important nutrients 
[6]. One of these nutrients is folate. Folate is an important substrate 
in haematopoiesis, as it is involved with the synthesis of nuclear 
DNA. Without enough folate, asynchrony between the nuclear and 
cytoplasmic development of red ce lls develop, and ce ll division is halted. 
This results in megaloblastic anaemia (7). 

The acquired sideroblastic abnormality is only seen in alcoholics with a 
corresponding folate deficiency. Chronic alcohol ingestion in patients 
with appropriate folate levels is not associated with a sideroblastic 
change (1 ,3). Without a deficiency in folate, a chronic alcoholic wi ll 
demonstrate macrocytosis and possibly anaemia, but this anaemia will 
not be sideroblastic. 

Origina lly it was assumed that folate deficiency in alcoholics was solely 
the result of poor nutrition. However, increased levels of ethanol, 
as seen in a chronic alcoholic, lead to increased urinary excretion of 
folate, increased catabolism of folate by the ethanol to aceta ldehyde 
conversion, and malabsorption of folate in the jejunum by inh ibiting 
the enzyme responsib l·e for this. These all lead to a rapid decrease in 
serum fo late levels of as little as 2-4 days (3) . Folate deficiency itself 
leads to a further decrease in serum fo late, by causing intestinal folate 
malabsorption and diarrhoea (8) . The severity of folate deficiency is 
proportional to the amount of alcohol consumed and to the decrease in 
vitamin intake (8). One nutritious meal a day, however, can prevent t he 
alcoholic from a deficiency in fo late (3). 

Conclusions 

The case of patient B has presented an example of secondary acquired 
sideroblastic anaemia caused by chronic alcoholism and associated 

folate deficiency. Through this case and review of recent literature 
concerning the haematological aspects of chronic alcohol abuse, strong 
evidence for the requirement of fo late deficiency in the development of 
cases of sideroblastic anaemia caused by chronic alcoholism is found. 

The correlat ion between alcoholism, fo late deficiency and secondary 
acquired sideroblastic anaemia is show n in Figure 3. 

Ethanol 
>BOg/day 

Malnutrition 
~ r pr;mary/secondacy 

Folate Deficiency \ 

secondary acquired J 
sideroblastic anaemia 

Figure 3. The correlation between chronic ethanol intake, 
folate deficiency, and the resu lt ing anaemia 

The evidence of this correlation is seen in the conclusion of patient B's 
case - the decrease in ethanol intake below 80 g/day and coincid ing 
fo late increase both served to reverse the sideroblastic changes seen in 
her orig inal presentation . 
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Review of molecular methods for medical 
microbiology testing 
Gloria Evans, Dip MLS, MMLSc (Dist), FNZIMLS 
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History 

Since the conception of the polymerase chain reaction (PCR) in 1983 
by Dr Kary Mullis (and others from the Cetus Corporation) and the 
subsequent publication in Science in 1985, th is technique has been 
ut ilised in many forms in order to produce virtually un limited copies of 
genetic material in the laboratory (ampl ifi cation). Ampl ifi cation of as 
little as a single strand of DNA target sequence enables PC R to detect 
extremely low concentrations of nucleic acid. This technology has 
reduced the re liance of the cli nical microbiology laboratory on cu lture­
based methods and created new opportunities for the cl inica l laboratory 
to more efficiently affect patient care (1 ). 

In 1990 Roche Diagnostics purchased the patents re lated to PCR, 
imposing license conditions on subsequent users of the methodology. 
The techn iques for these processes have been documented by 
Roche Diagnost ics (2-4). 

The use of a range of molecular tools allows highly sensit ive and specific, 
cultu re- independent detection of infectious agents in clinical specimens 
(5). An example of the sensitivity obta ined by PCR is where Chamydia 
spp. can be detected to a single target in a 1012-fold background of 
unrelated DNA. An optimised PCR can be at least 150-fold, but more 
often about 1 000-fold more sensitive than the ce ll culture (6). 

This new technology evolved at a time when enzyme immunoassays 
for viral detection particularly, had reached the limit of their sensitivity 
(7). Of all fi elds in medical microbiology, detection by PCR has had the 
strongest impact on virology where standard microbiologica l diagnosis 
by culture requires much greater effort than for many other pathogens 
(6). For safety reasons molecular techniques, rather than cu lt ure, are t he 
most advisable for t he detection of high ly infectious viruses, e.g. avian 
influenza (H5N1) and SARS etc. 

In the case of medical microbiology, molecu lar methods also enable the 
detection of pathogens that are difficu lt to cultivate, or are slow growing 
or unculturable (1). Nucleic acids (DNA and RNA) present in infectious 
organisms can be amplif ied. The genetic material of many viruses is RNA 
whi le DNA is the genetic material in bacteria and other viruses. 

Since the original description of PCR, a number of modif icat ions, 
advances and alternative systems for in-vitro amplification of nucleic 
acids have been developed to meet va rious requirements for improved 
detection of DNA and RNA. Some of t hese different applications for 
PCR w ill be discussed below with reference to both the detect ion of 
bacteria and viruses. 

The genome of each organism contains highly conserved, coded regions 
that are common to that type of organ ism and variable regions that result 
in individual traits. Primers are usually selected from the highly conserved 
region of the genetic code specific for the target organ ism (8). 

Principle of amplification 

Amplification is based on complementarity between a target nucleic 
acid sequence of interest, present in infectious agents, and primers 
specifica lly designed to bind (hybridise/anneal) only to a region within 
that target nucleic acid . The complementary nature of the primer-target 
binding gives the assay specificity (sensitivity is due the amp lif icat ion 

of a small number of target sequences as explained below). One 
strand of DNA runs in the 5 prime (5') to 3 prime (3') direction and 
the complementary strand runs in the 3' to 5' direction. Primers are 
designed in the 5' to 3' direction and therefore bind to the two strands 
of double st ra nded DNA of t he target sequence in opposite directions. 
Primers are used to in itiate new DNA synthesis by heat -stable Taq DNA 
polymerase (deri ved originally f rom the hot-spring bacterium Thermus 
aquaticus but now usua lly produced by recombinant DNA technology. 

Nucleic acid primers or probes can distinguish minute differences 
in genetic sequence. Opt imal conditions duri ng amplificat ion allow 
complementary binding (hybridisation) on ly if both sequences match 
exactly. The primers determine the specif icity and size of the amplified 
product. When the primers anneal, Taq DNA polymerase, using the 
DNA build ing blocks dinucleotide triphosphates (dNTPs) as substrates, 
initiates replication of the target sequence from the 3' ends of the 
primers. Repeated cycles of ampl ification of extracted nucleic acid with 
specific forward and reverse primers is carried out on a thermocycler 
resu lt ing in an exponential increase in the initial number of strands of 
DNA. The exponential amplificat ion of the target sequence gives the 
PCR assay great sensitivity. 

Application of PCR in microbiology 

Organisms that are non-viable, slow grow ing or that cannot be 
isolated or detected in standard culture systems can all be detected 
w ith increased sensitivity and specificity w ithin a suitable t ime frame 
by PCR. It enables quantifi cation of t he organism as well as detection 
of ant imicrobial resistance in organisms such as methicillin resistant 
Staphylococcus aureus (MRSA), vancomycin resistant Enterococcus spp. 
(VRE) (9, 1 0) and Mycobacterium tuberculosis (6). 

It is imperative that the PCR assay be carefu lly optimised and va lidated 
before introduction into t he routine molecu lar microbiology laboratory. 
Th is process should produce a robust assay that has all chemicals at 
optimal concentrations and the most appropriate thermal reaction 
parameters. Typica lly some DNA or RNA sequence of the organ ism is 
known (for primer design) otherwise 'universal' primers (e .g. to the 
16S region of bacteria) may be used, followed by DNA sequencing to 
confirm the organ ism's identity. For amplification of DNA there must be 
at least one intact copy of t he target DNA/RNA present in t he sample. 

Extraction of DNA/RNA (commercial columns) 

Only a small amount of clinical specimen is required. DNA/RNA templat e 
quality is very important - especially in the newer forms of PC R that 
use fluorescent probes. Typically small centrifuge columns containing a 
DNA/RNA-binding matrix are used in the clinical laboratory rather than 
the historical organic solvent methods. 

The column extraction methods comprise the following basic steps: 
Step 1. Lysis 

Lysis buffer often containing guan id ine thiocyanate or similar plus a 
detergent such as Triton-X or SDS lyses the ce lls releasing the nucleic 
acids. Proteinase K enzyme for protease digestion is also added and 
rapidly inactivates endogenous nucleases such as RNAses and DNAses. 
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Step 2. Preci pitation 

The lysate is then mixed with alcohol to precipitate t he DNA and then 
loaded onto the ext ract ion column . 

Step 3. Binding to membrane/washing 

DNA is absorbed onto the silica-gel membrane . DNA bound to the 
membrane is pu ri f ied by washing w ith a high salt buffer to ensure 
complete remova l of any residual contaminants such as sa lts, proteins, 
ce llular components etc. 

Step 4. Elution of purified DNA/ RNA 

Purif ied DNA/RNA is eluted from the ext raction column with a low 
sa lt buffer or water. The eluate is t hen ready for PCR testing w it h t he 
reaction mix. 

Reaction mix components 

The reaction mix consists of buffer, Mg2+, dNTPs, primers, Taq 
polymerase enzyme, and water. These components are essential for 
effi cient replication of the ta rget nucleic acid to occur. 

Buffer provides the optimal pH and ionic strength for polymerase activity. 

MgCI2 forms soluble complexes with dNTPs to produce the actua l 
subst rate that the Taq polymerase recogn ises. Mg2+ influences enzyme 
activity and increases t he melt ing temperature (T m) of double stranded 
DNA (dsDNA) 

dNTPs are required as a supply of individual nucleoti des (Cytosine, 
Adenine, Thymine, Guanine - C, A, T, G) and may be supplied as a 
sets of four separate deoxynucleot ides (dCTP, dATP, dTIP, dGTP) or as 
a pre-mixed solution. The concentration of MgCI2 and dNTPs must 
be in t he correct ratio for optimum performance since the dNTPs w ill 
bind MgC iz. 

Oligonucleotide primers contain sequences that are complementary 
to specifi c sequences that f lank the target sequence of the DNA that is 
to be amplified . The sequence and concentration of primers determines 
t he overall assay success. Well selected primers increase reaction 
specif icity by ensuring that t hey bind only to the desired target sequence 
to be amplif ied. Stringency of primer hybridisat ion can be increased by 
higher annea ling temperatures, lower MgCI2 concentrations, optima l 
concentrations of enzyme and primers, annea ling time, extension t ime 
and the number of PCR cycles . 

Taq DNA polymerase is required to synthesise new dsDNA, beginn ing 
at t he 3' end of the primer, and facilitates t he binding and joining of t he 
comp lementary nucleoti des (Taq DNA polymerase does not recognise 
t he end of t he target sequence and w il l cont inue extend ing original 
DNA past the region of interest). Newer Taq polymerases (employing 
" hot start" methods) are t hermostable and only activated after the 
initial denaturation step in PCR cycling at 94°C thereby provid ing 
an automat ic "hot start" (6). These new er Taq polymerases remain 
inactive during PCR set -up. Hot start enzymes cannot elongate non­
specif ic primer-template hybrids t hat may form at lower temperatures, 
wh ich increases sensit ivity, specifici ty and yield w hile allowing assembly 
of reactions at room temperature. 

Water is included to make up t he reaction volume. 

Thermocycl ing 

The programmed thermocycler mimics the process of DNA replicat ion. 
PCR is a th ree-step process, referred to as a cycle, that is repeated a 
specified number of t imes One PCR cycle consists of: 

Step 1. Denaturation 

The reaction mix is heated to >90°C where al l double-stranded DNA is 
separated into single st rands. Taq polymerase is not denatured during 
the high heat denaturation steps. 

Step 2. Annealing 

The temperature is dropped to between 55-65°C , enabling t he forward 
primer to bind specif ically to one ta rget DNA st rand and the reverse 
primer to bind specifi ca lly to the complementary target DNA st rand . 
The annealing temperature or Tm varies for different assays and 
is determined by the melt ing temperature of t he primers and is the 
temperature at w hich 50% of t he oligonucleotide-target duplexes 
have formed."' 

Step 3. Primer extension 

The temperature is raised to"' 72°C for opt imal activity of t he Taq DNA 
polymerase enzyme. Taq DNA polymerase catalyses primer extension as 
complementary nucleot ides (suppl ied f rom t he dNTPs) are incorporated, 
synthesising new dsDNA complementary to the original double stranded 
ta rget DNA reg ion. Taq DNA polymerase can add approximately 
60 bases/second at 72°C. 

At t he end of t he f irst PCR cycle there is double t he number of new DNA 
strands identica l to t he original target. Th is new dsDNA then serves as a 
template for t he synthesis of new DNA in t he next cycle. W ith each new 
cycle t he number of synthesised DNA increases exponentially. This is the 
CHAIN REACTION in t he PCR method. This cycl ical process is repeated 
up to "' 40 t imes to amplify t he original DNA in an exponential fashion 
to a product t hat is easily detectable on a gel (endpoint analysis). 
Conventional amplif icat ion time is"' 2-3 hours. 

Reverse transcription PCR (RT-PCR) 

PCR usua lly only detects DNA, as RNA is not an effi cient substrate for 
Taq DNA polymerase. Therefore, for RNA, it is necessary to perform 
reverse transcription , using a reverse transcriptase enzyme, before 
init iating PCR amplificat ion (RT-PCR). (Some enzymes do have both 
reverse transcriptases and DNA polymerases.) Reverse t ra nscription 
produces a copy of t he RNA strand, as complementary DNA (first strand 
eDNA) in the presence of Mg2+ ions, high concentrations of dNTPs and 
primers. These primers may be either random (e.g. 6 bases), a stretch of 
T's, a sequence specific for the organism of interest or a combination of 
t hese. The reverse transcription process incl udes extracted RNA, buffer 
contain ing Mg2

+, RT enzyme, site specific primer (that selectively primes 
the RNA of interest), RNAse inh ibitor (that disrupts cells and inactivates 
RNAses) and dNTPs. 

The RT-PCR process consists of : 
Step 1. Annealing of the primer(s) to the single stranded RNA. 

Step 2. RT enzyme catalys ing primer extension to create f irst strand 
eDNA. 

Step 3. The resulting f irst strand eDNA with PCR premix is t hen available 
for amplif ication . 

Nested PCR 

Nested PC R has the ability to increase both the sensitivity and specif icity 
of PCR, by using two sets of pr imers an "external" and an " internal" set 
and two rounds of amplif icat ion. There is an increase in t he sensit ivity 
from increased total cycle number. Increased specificity is obtained from 
annea ling of the second inner primer set to sequences on ly ampl ifi ed 
from t he first PCR. However one disadvantage of nested PCR is that 
w hen the second round amplif icat ion is set up t here is the potential 
for contamination (1). A variation of nested PCR is a hemi-nested PCR 
w here the second primer set involves an interna l primer and one of the 
external primers. 
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Mult iplex PCR 

PCR assays utilise two or more primer sets in the same react ion, t his 
enables simu ltaneous co-amplifi cat ion of different nucleic acid targets. 
Multiplexing can only work w hen the same set of amplifi cat ion 
conditions are suitable for all primers and the primers don't anneal to 
each other. Additiona lly the products formed must differ adequately to 
enable accurate interpretation of the results. However this method is 
often less sensitive than PCRs with sing le primer sets due to competition 
between targets to be ampl ified (11 ). 

Internal controls 

Controls can be added to the PCR amplification mix to detect inhibition 
of PCR amplification and as a control for the correct performance of 
the specimen preparation and amplification steps. Internal controls are 
used to monitor variability within a PCR assay attributed to differences 
in reaction components, PCR inhibitors, operator-to-operator variance 
and instrumentation performance. The absence of amplification of 
an internal control due to inh ibitors could also indicate prevention of 
amplification of the desired organism, so that fa lse negative results could 
be obtained. However, if the internal controls are added directly to the 
PCR mix then the assay is, essentia lly, a multiplex assay. Alternatively 
a reference gene that is found in all human nucleated cells such as B 
globin can be assayed separately for the presence of inh ibitors. 

Limitations of PCR 
Inhibitors 

The presence of inhibitors in clinica l specimens such as heme, acidic 
polysaccharides, nucleases, EDTA, SDS and guanidine HCI have all been 
demonstrated to inh ibit PCR (1 2), by interfering w ith the act ion of 
DNA polymerase (6). An internal control (e.g . an artifi cial construct or a 
reference gene in the sample) should be incorporated into the testing 
specimen to monitor inhibit ion of the PCR by such substances t hat may 
be present in the patient's specimen (9). 

Antimicrobial therapy - where treatment has been successfu l or 
alternatively, the patient's own defences may have killed the organism. 
PCR can still detect non-viable organisms (28) which may no longer be 
causing infection. 

Relevance of result 
PCR may be too sensitive for some applications, detecting the nucleic 
acid of an organism that is present at non-pathogenic levels (13). 

Contamination 
Cross contamination can easily occur unless a careful work ethic 
is followed. Stringent adherence to separated work places for the 
following must be observed: 

1. Specimen preparation. 
2. Setting up PCR reactions. 
3. Post-PCR analysis. 

Within each of these work areas the following good laboratory practice 
should be employed: 

1. Keep laboratory areas clean. 

2. Use aseptic technique, gloves, dedicated equipment, new/steri le 
equipment, using positive displacement pipettes w ith barrier t ips, 
avoid creating aerosols w hen working. 

3. Avoid cross-contamination between samples. 

4. Avoid cross-contamination from previous samples. 

5. Include control reactions in every run to monitor the test. 

A further method that can limit contamination is w here the amplicon 
can be inactivated by incorporating deoxyurid ine (dUTP) instead of 
dTIP in t he PCR assay, so t hat any amp licons that may contaminate 
subsequent assays are cleaved by uracii -N-g lycosylase (9). However this 

is of limited use un less the assay is established w ith dUTP i.e before the 
contamination issue occurs. 

Amplicon detection (fragment size analysis) for 
conventional PCR 
Conventional PC R requires end point ana lys is of the amplif ied product. 
Detection of am pi icons is by gel electrophoresis to determine fragment 
size. Electrophoresis refers to the migration of charged molecu les 
through a liqu id or gel medium w hen subjected to an electrical f ield. 
Migration rate t hrough a gel matrix depends on several factors- net 
cha rge on a molecu le at the pH at w hich the assay is performed, size 
and shape of molecule, electrical strength of voltage drop, pore size of 
gel and temperature. The charge in an electrical field moves analytes 
through the gel (14) 

Amplicon detection - components 
Agarose gel 

The concentration of agarose can be varied, controlling gel pore size 
to make possible the separation of nucleic acid molecu les of a wide 
range of sizes. Migration of nucleic acid in agarose is affected by buffer 
used and voltage applied. The higher t he concentration of agarose, the 
sma ller the pore size. An agarose gel concentration of 2-4% separates 
fragments of 25-1 OOObp (14). 

Polyacrylamide gel electrophoresis (PAGE) 

For very high resolution of low-mol ecular weight DNA fragments, 
polyacrylamide gel is used as the pore size is typi ca lly much smaller 
than agarose (14) . An alternat ive is NuSieve agarose w hich has higher 
resolution for visual ising small DNA fragments (15). 

Loading dye is included w ith t he amplif ied product to be electrophoresed 
to increase the density of the sample allowing the amplicon to drop 
evenly into the well . The loading dye is a small molecu le w hich migrates 
at a constant rate in an electrica l field. This allows the progress of 
the smallest molecules in the gel to be visual ised. The loading dye may 
be added during PCR reaction assembly or fo llowing the amplification 
process. Unlike ethidium bromide, the loading dye does not actual ly 
stain the DNA. 

DNA gel stains 
Ethidium bromide fluoresces in the presence of ss and ds DNA under 
long wavelength UV light. However, both the ethidium bromide and the 
UV light are mutagenic. 

SYBR SafeTM 

SYBR Safe™ binds to DNA and RNA, and was developed for reduced 
mutagenicity (16). Both the ethidium bromide and the SYBR Safe™ 
require a UV transilluminator for visualisation of DNA bands. 

Molecular weight ladders (MW) are a mixture of DNA fragments, 
upon electrophoresis resu lt in a regular pattern thus allowing for 
accurate sizing of DNA bands (amplicon). 

EIA (ELISA) 

EIA can also be used to detect digoxigenin-labeled amplifi ed products. 
Products are obta ined by using a PCR DIG labelling mix (dNTPs plus 
digoxigenin-labeled dUTP) in the PCR react ion. The labelled nucleot ide is 
t hen incorporated into the PCR product as it is formed. The incorporated 
DIG label is detected using antidigoxigenin-a lka line phosphatase (AP) 
conjugate and colorimetric or XRay detection . This method increases the 
detection level where on ly small amounts of template DNA are ava ilable 
(enabling maximum yield of amp licon), by increasing the sensit ivity of 
t he assay by 10-100 fold over gel sta ining (1 1 ). 
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Table 1. Automated nucleic acid extractors. 

Nucleic acid extractor systems Manufacturer Website 

ABI PRISM™ 6100 Applied BioSystems www.appliedbiosystems.com/ 

Biomek® FXP including PCR setup Beckman Cou lter www. beck ma ncou Ite r. com/produ ct s/ 
instrumenVautomatedsolutions/ 

Nucl iSENS® easyMAG TM Biomerieux www. biomerieux-usa.com/clinica l/nucleicacid/ 
easymag/index.htm 

X-Tractor Gene TM Corbett Life Science www. corbett! ifescience. com 
-

AutoGenPrep GenPrep www. a utogen. com/Products/ 
-

lprep® purification Invitrogen https://catalog. invitrogen.com/ 

Magtration Systems Precision System Science www.pss.co.jp/engl ish/products/02.html 

Maxwe ll®16 System Promega www.promega.com/maxwell 16/defau lt.htm - -
QIAcube BioRobot MDx MDx DSP workstation Qiagen www1.qiagen.com/Products/Automation/ 

--
COBAS® Ampliprep® System MagNa Pure LC Roche http ://us .labsystems. roche. com/products/ 
Instrument molecu lar/ 

'--- ·-

Table 2. Complete automated molecular detection systems. 

Complete molecular systems Manufacturer Website 

Utilises a mechanised nucleic acid extractor w hich is teamed with a separate Roche http://www.roche.com/prod_diag_pcr.htm 
amplifi cation/detection system, such as the 
- COBAS® Ampliprep®/COBAS® Amplicor™ for PCR, 
- COBAS® Ampli Prep®/COBAS® TaqMan® System, real-t ime PCR of up to 
four simultaneous assays. 

BioRobot Universal. Qiagen www1.qiagen.com/products/automation 
Automated RT-PCR, PCR, sequencing reaction, gene expression analysis, 
genotyping and forensic assays. 

Table 3. Automated amplification and detection 

r--
Amplification and detection system Manufacturer Website 

f--- - --r- -
GeneAmp7300RT, Prism 7500 Applied Biosystems https://products.appliedb iosystems.com/ 

I- - -
NucleSENS® (NASBA) Biomerieux www. biomerieux-usa .com 

r- - -
DNA Eng ine Opticon BioRad www.biorad.com 
I- -

SmartCycler® Cepheid www.cepheid.com 
~ --
Rotor-Gene™ 6000 RT cycler Corbett Life Science www. corbett! ifesci nee. com 

-
Mastercycler® ep realplex Eppendorf www.eppendorf.com 

-
Rapidcycler® 2 Idaho Technology www. ida hotech. com/rapidcycler/ 

Cobas® Amplicor® Ana lyzer (PCR), commercial kits. Roche www.roche.com/prod_diag_pcr. htm 

Real Time Detection 
Lightcycler® 2.0 
LightCycler 480 real-time PCR System 
Cobas® Taqman® 48 analyzer for detection of HIV, HBV, HCV 
nucleic acid and as many as 10 different user-defined PCR 
profi les 
Cobas® Taqman® 96 ana lyzer automated, for the amplification 
and detection of viruses li ke HIV, HBV, and HCV. 

Mx300P™ Stratagene www.stratagene.com 
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PCR purif ication (for sequencing) 

Amplified DNA binds specif ical ly to glass f ibres in t he purificat ion spin 
columns in a sim ilar way to template extraction systems. Bound DNA 
is purified by w ashing and spinn ing to remove contaminating primers, 
un incorporated nucleot ides and salts. Purif ied DNA is eluted from the 
column using a low sa lt solut ion. 

DNA sequencing (automated) 

Amplif ied DNA product is used as a temp late wh ich, along w ith su itable 
oligonucleotide primers and DNA polymerase, generates fragments 
t hat differ in length from each other by a sing le base. Fragments 
are separated by size, and bases at the end identified, recreating the 
origina l sequence. Various approaches are used to generate and detect 
the fragments. 

One example is the Sanger dideoxy chain terminator method utilising 
dideoxy bases (ddNTPs) mixed with dNTPs. During replication a base 
is incorporated into a new chain and, if a ddNTP is incorporated, the 
repl ication reaction is terminated (17). A separate reaction is set up for 
each specific nucleotide with individual fluorescent label led ddNTPs 
(in a lower ratio than dNTPs). DdNTPs are randomly added by DNA 
polymerase wh ich in turn terminates elongation as a 3'-0H group 
is. not present. Reaction products are separated by electrophoresis, 
w hich separates molecules accord ing to size. The fl uorescent base that 
terminated the PCR reaction is detected and the base identified. 

The sequence obtained can be loaded into a Gene Bank e.g. PubMed, 
and the nearest sequence match obtained. If the appropriate DNA 
template has been selected, t he genotype can be determined by 
sequencing. Genotyping may give an ind icat ion of viru lence properties 
such as infectivity, viru lence, antigenic va riat ion and resistance to 
antiviral agents. 

Quantitative PCR 

The detection of fl uorescence as an endpoint in real t ime PCR means 
target DNA present in the initial sample can be quantified. This is 
especia lly useful to monitor treatment. A series of standards with known 
amounts of target are amplified and a standard curve constructed (13). 

Real Time PCR 

This method utilises reaction components similar to traditional PCR 
and varies on ly in the detection process. Real Time PCR is no more 
sensitive than conventional PCR but is able to produce a result as 
the amplified product is being formed (18). The analysis of product 
formation is performed during the log phase of amplification producing 
a rapid result in a faster time-frame (Real Time) enabling rapid sample 
turnaround time. Additionally, real time PCR is performed in a closed 
system thus minimising the risk of contamination. 

Real time PCR combines two instruments in one: a PCR thermal 
cycler and an integrated fluorescence detection device allowing for 
f luorescent monitoring to detect the formation of the PCR product. 
Automated amplification, detection and quantification (bacterial and 
viral loads) w it hin the same closed system, allows for acceleration and 
increased eff iciency of t he process. The reaction t ime can be as short 
as 30 minutes (9). 

For a commonly-found instrument in cl inica l laboratories, the 
LightCycler, react ions are performed in glass capill aries suspended in a 
chamber al low ing a high surface-volume rat io of the PCR mix (9). Th ese 
capillaries are heated by air allow ing rapid, un iform heating producing 
a more rapid result. Fluorescent labelled probes bind to target DNA 
releasing f luorescence that is detected conti nuously by optica l softw are. 
Fl uorescence values versus cycle numbers are displayed. The increasing 
level of fluorescence is proportional to the number of target copies 
formed during the PCR process. The point at w hich f luorescence 

surpasses the noise t hreshold during amplification is called t he threshold 
cycle or crossing point and is proport iona l to the number of amplif ied 
target copies present in the sample at that t ime (13). 

Fluorescent signal can be detected by a number of systems such as: 

- ethidium bromide, SYBR green 

- hyd rolys is probes, hybridisation probes 

- molecu lar beacons, LUX probes 

- scorpion primers 

- Minor Groove Binding (MGB, Ecl ipse) probes. 

Ethidium bromide and SYBR green dyes bind (intercalate) to any 
ds DNA and the increase in fluorescence is measured. However SYBR 
Green is more sensitive and specific than ethidium bromide (18). 
See Figure 1. 

Sequence-specific probes are labelled with Fluorescence Resonance 
Energy Transfer (FRET) fluorophores. Fluorescence occurs due to a distance­
dependent transfer of energy between two adjacent fluorophores and 
a fluorescent signal is only produced if the specific target is present. 
Alternatively, the energy may be transferred from a flourophore to a non­
f luorescent compound and dissipated as heat, i.e. quenched, and in this 
case, f luorescence only occurs when the two compounds are separated 
(6). Descript ions of each type of probe follow 

Hydrolysis probes (F igure 2) e.g. "TaqMan® probes " (Roche 
Diagnost ics) , are labelled w ith a fl uorescent reporter (R)(donor) and 
quencher (Q)(acceptor) in close proximity to each other. Specific bind ing 
to DNA target occurs, w hen DNA polymerase encounters the non­
extendable probe, the probe is digested and Rand Q are separated (the 
reporter is no longer quenched). The reporter can then emit f luorescence 
upon excitation (1 0). As TaqMan probes are hydrolysed they ca nnot be 
used for melt ing curve analys is. 

Hybridisation probes (Figure 3) e.g. HybProbe™ hybridisation probes 
(Roche Diagnostics) comprise two fluorescent labelled, target-specific 
probes (Donor and Acceptor) that anneal to specific ssDNA In close 
proximity the probes fluoresce due to FRET (1 0). 

Molecular beacons and Scorpion™ primers also have a fluorescent 
reporter (R) and quencher (Q) in close proximity to each other. Sequence­
specific binding resu lts in an increase in the distance between R and Q 
to yie ld a detectable fluorescence (6). 

LUX probes LUX™ (Light Upon eXtension) (Invitrogen). LUX™ primer 
sets include a self-quenched fluorogenic primer and a corresponding 
unlabeled primer creating a hairpin secondary structure which provides 
optimal quenching of the fluorophore . When dsDNA binds during PCR, 
the fluorophore is no longer quenched and fluorescence occurs (20). 

Minor Groove Binding (MGB, Eclipse) probes 

These dsDNA-binding agents are attached to the 3' end of TaqMan® 
probes to increase the T m value (by stabi lization of hybrid ization). Th is 
process increases effi ciency of reporter quench ing (http://dorakmt. 
tripod.com/genetics/g losrt.html). Probes and primers can be made in 
many colours encompassing wavelengths from UV to inf rared, making 
multiplex detection available (21 ). 

Melt ing point analysis can be performed w ith PC Rs utilising hybridisation 
probes and molecular beacons as th ey are not hydrolysed by Taq 
polymerases to generate signal. This step occurs immediately after 
the PCR assay. Melt ing curve analysis conf irms the PCR product as the 
correct amplif ication product and can dist inguish base pair differences 
(mutations or polymorph isms in target DNA) (9) e.g. genotyping Herpes 
simplex virus types 1 and 2 (19) and dist inguish ing mult iple rifampin 
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resistance mutations and high-level ioniazid resistance mutations in 
Mycobacterium tuberculosis (6). 

Analysis is performed by raising the temperature w hile continuously 
mon itoring the fluorescent signal. SYBR Green melting curve analysis 
allows monitoring the melting behaviour of t he PCR products and 
allows discrimination between specific product and primer dimers (non­
specific binding to form non-specifi c products). Hybridisation probe 
melting curves detect the separation of target hybridisation probes. 
Probes that are bound to perfectly matching target DNA dissociate at a 
higher T m than DNA that contains sequence va riation. 

Molecular methods- other than PCR™ amplification 
These methods are based on signal, target, probe or rolling circle amplification. 

Signal amplification techniques 

The principle of signal amplification is to directly detect nucleic acids 
w ithout ta rget amplif ication by increasing the signa ll ing capacity of 
the labelled molecules attached to the target nucleic acid eg. branched 
DNA probes (bONA), Hybrid capture (ant i-DNA-RNA hybrid antibody). 
Advantages of signa l amplif ication methods over ta rget amplifi cation 
methods are t hat the system does not requi re a thermal cycler and 
the number of target molecules is not altered so t he signal generated 
is directly proportional to the amount of target sequence present in 
t he clinical specimen. These methods can be carried out at a single 
temperature (isothermal), are not affected by the presence of enzyme 
inhibitors, so simpler nucleic acid extraction methods can be used and 
are less susceptible to contamination. The method can directly measure 
RNA levels thus eliminating the requirement for eDNA synthesis (1 ). 

bONA probe methods utilise a branched multiple probe-enzyme complex. 
The primary probe captures the nucleic acid target onto a solid surface. 
Branched probes specific for the primary probes are added fo llowed 
by enzyme-label led probes which are detected by chemiluminescent 
substrates to produce a signal which can be quantitated . 

An example of Hybrid Capture is the Digene HPV test. The HC2 High­
Risk HPV DNA test uses Hybrid Capture 2 technology, a nucleic acid 
hybridisation assay utilising microplate chemiluminescent detection. 
Specific HPV RNA probes hybridise to target DNA. The resultant RNA: 
DNA hybrids are captured onto a microwell solid surface w hich is 
coated w ith antibodies specific for the hybrids. Alka line phosphatase 
conjugated specific antibod ies bind to the hybrids, and are detected by 
a chemiluminescent substrate. Multip le conjugated antibodies bind to 
each capture hybrid resulting in substantial signal amplification (22) . 

Target amplification systems (other than PCR) 

These methods are similar to the PCR process as they use enzyme 
mediated processes and oligonucleotide primers that bind to 
complementary sequences on opposite strands of double stranded 
targets to synthesise copies of target nucleic acid (1 ). Detection is by 
hybridization probes, molecular beacons or chemiluminescent probes. 

Transcript ion amplification methods 

Isothermal based nucleic acid amplifi cat ion methods e. g. nucleic acid 
sequence-based amplification (NAS BA) and transcription-mediated 
amplification (TMA). These methods do not require a thermal cycler, 
have rapid kinetics, produce a result in a very short time frame and 
can be done in a sing le tube. The disadvantages are poor performance 
w ith DNA targets and the stab ility of complex multi-enzyme systems 
has been questioned (1 ). 

An example of NASBA is the automated NucliSENS EasyQ system 
(BioMerieux) . This system combines two technolog ies of amplification 
and detection. In an initial enzymatic amplifi cation of nucleic acid target, 
single-stranded RNAs are generated . Detection occurs w ith exponential 

amplifi cat ion of the target sequence when specific molecular beacon 
probes hybridize causing fluorescence (23) . NASBA is able to specifically 
amplify and directly detect RNA target in a DNA background and can 
detect RNA w ithout DNA contamination . RNA amplicons are single 
stranded and therefore do not require denaturation prior to detection. 

An example of a TMA based assay is the Gen-Probe kit for the detection 
of Chlamydia trachomatis. The method involves a promoter primer 
that binds to the rRNA target. Reverse transcription creates eDNA. A 
second primer binds to eDNA and reverse transcription creates a new 
DNA copy. RNA is transcribed from the DNA template to produce many 
copies of target. 

Strand displacement amplification (SDA) 

Isothermal nucleic acid amplif ication of a particular sequence by a two 
step process - target generation and exponential target amplification. 
The pri mer conta ining a restriction site binds to the target and DNA 
is synthesised. The restriction enzyme nicks the strand containing the 
restriction site and polymerase beg ins amplification again, displacing 
the newly synthesised strand. This method has t he advantage of being 
techn ica lly simple to perform (1 ). 

An example of SDA based assay is the BD ProbeTec™ assay for ! he 
detection of Chlamydia trachomatis and Neisseria gonorrhoea using 
simultaneous amplification of nucleic acids by SDA and real-t ime 
detection by using fluorescence resonance energy transfer (FRET) in a 
one hour format. 

Probe amplification techniques 

Probe amplif ication methods amplify products conta ining on ly the probe 
sequence. Some examples are Ligase Chain Reaction (LCR), Cleavase­
lnvader assays and Cycling Probe technology. 

Ligase chain reaction (LCR) 

The LCR differs from PCR because it ligates the probe molecule. Two 
probes are used for each DNA strand and are joined (ligated) together 
to form a single probe. Amplificat ion is by thermal cycler and, since both 
t he ligated product and the original st rand can act as a template there is 
an exponent ial increase in product. To improve specificity, LCR commonly 
uses two enzymes, both a DNA polymerase enzyme and a DNA ligase 
enzyme, to drive the reaction so LC R can have greater specificity than 
PC R. For th is gapped LCR (G-LCR), a short gap is left between the 
two annea led probes and is f illed by the DNA polymerase before the 
remain ing "nick" is fi lled (ligated) by DNA ligase, amplification wi ll only 
occur if the probe has been ligated (1 ). An example of LCR - probe 
amplif ication, was the Abbott detection kit for C. trachomatis and N. 
gonorrhoea, but it is no longer commercially ava ilable. 

Cleavase-invader technology 

Invader assays (Thi rd Wave Technology), invader probe amplif icat ion 
(IPA), (www.tvvt.com/invader_chemistry/invaderchem.htm) is a probe 
amplif ication system that detects nucleic acid ta rget using specific 
probes, one of w hich overlaps. The overlapping probe region (flap) is 
cleaved by a DNA polymerase cal led Cleavase. The resulting cleaved 
molecu le is amplified and serves as a template for a second reaction. 
The flap binds to a fluorescent labelled probe releasing fluorescence 
(FRET). Repeating the process amplifies t he signal. 

Cycling probe technology 

Cycl ing probetechnology(CPT; ID Biomedica l Corp., Bothell, Washington) 
(http://bio.takara.co.jp/bio_en/catalog_d.asp ?c_ID=C 1265) employs a 
DNA-RNA-DNA fluorescent labelled probe at a constant temperature. 
The probe labelled w ith fluorescence one end and a Quencher the 
other, annea ls to target DNA. An enzyme cuts the RNA region of t he 
probe, the probe is no longer intact unquenching the signal, resulting 
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in emission of fluorescence. Probe amplificat ion is linear and not 
exponential. Th is application has been used to detect t he mecA gene of 
MRSA. This method can be used for quant itative (1) 

Rolling circle amplification (RCA) 

Isothermal amplif ication, distinct f rom other isothermal signal, target 
or probe amplif ication A DNA probe anneals to target DNA, the probe 
acts as a primer for RCA. The free end of the probe anneals to a small 
circular DNA template. DNA polymerase extends the primer generating 
linear st ra nds of DNA consisting of multiple repeated copies t hat can be 
read ily detected. Advantages are that t he method is simple, robust, has 
good sensitivity and is able to be multiplexed. 

Automated robotic molecular platforms 
Automation of the molecular microbiology laboratory has the potentia l 
to assist streamlining of testing processes by offering re liabil ity and 
standardisation, particularly in high-throughput laboratories. This is 
accomplished by removing the possibility of operator error and variation. 
Laboratory personal are also better protected from overuse syndrome 
due to performance of an excessive number of manual manipu lations. 
Automated equ ipment can be purchased to perform one part of the 
PCR process, several or all of t he steps req ui red to obtain a result. Some 
automat ion systems only operate w ith pre-packaged applications. 

Automated nucleic acid extractors 

There is a w ide ra nge of DNA and/or RNA extractors available f rom 
various compan ies, capable of hand ling as few as six and up to several 
hundred samples per day. Samples that can be processed range from 
whole blood, seru m, plasma, t issue, urine to aspirates such as CSF and 
sputum. Some extractors are designed to only process limited sample 
types. Some examples of nucleic acid extractors are listed in Table 1. 

Automated PCR setup 

Separate machines can also be purchased to prepare and set up PCR reactions. 

Full system from extraction, amplification to detection 

Complete performance of the molecular detection of microbiology 
pathogens can be performed by several automated systems. All that is 
requ ired is the loading of the samples by laboratory personnel. Some 
examples are listed in Table 2. 

Automated amplification and detection 

There is a wide range of automated PCR amplification and detection 
systems available. However, some systems can only detect pathogens 
using the appropriate commercial kit. Some examples of automated 
amplification and detection systems are listed in Table 3. 

A comparison of some of these systems can be viewed at 

http://www. biocom pare. com/matr ix/283 8/Real-Time-PC R-Thermal ­
( yclers--Thermocyclers. htm I 

Emerging DNA-based detection technologies 
TM BioScience multiplex PCR- Luminex Technology 

Luminex Technology uti lises microspheres w hich are tiny color-codes 
beads that are divided into 100 distinct sets. Each bead set can be 
coated w ith a reagent specific to a particu lar bioassay of interest e.g. an 
oligonucleotide probe, allow ing the capture and detection of specifi c 
microbiolog ica l pathogens from a sample. Within the Luminex ana lyzer, 
lasers excite t he internal dyes that identify each microsphere bead, 
as well as any reporter dye captured during the assay. Many readings 
are made on each bead set, further va lidating the results. In t his way, 
Luminex technology allows multiplexing of up to 100 unique assays 
w ithin a single sample rapidly w ith sensitivity and specificity (24) 

What next? 

Lightcycler® SeptiFast test 

This test is currently ava ilable for the detection and identifi cat ion of 
bacterial and fungal DNA. Using a 3 ml w hole blood sample, t hat does 
not require prior incubation or culture steps and producing a result in 
less t han 6 hours. The LightCycler® SeptiFast Kit detects and identifies 
t he 25 most important pathogens known to cause blood stream 
infections (25). 

SmartSense™ is a bio-electron ic technology that has been developed 
by BioWarn, LLC, wh ich allows the rea l-time detection and identification 
of pathogens. The SmartSense™ sensor is based on a semiconductor 
chip to wh ich a ligand (antibody) has been bound. When the ligand 
combines with its target (antigen), an electrochemica l signal is sensed 
by the ch ip, amplif ied and processed to obtain pathogen identification. 
This technology enables low-cost, hand-held, highly sensit ive robust 
detection capabi lity. Since the system is semiconductor ch ip-based, the 
detector system can be reduced to very small size and low unit cost. 
SmartSense™ prototypes have been fabricated, laboratory tested, and 
have potential appl ications for H5N1 virus, MRSA, HIV, opportunistic 
respiratory infections and VRE (26,27). 

MicroArray technology may use a PCR amplif ied product. Th is step 
minimises the amount of specimen required from a cl inica l sample as well 
as increasing the sensit ivity of the assay. This product binds specifi ca lly 
(hybridises) to probes of interest present on a DNA hybridisation chip. 
Many probes can be present on the microchip enabling multiple 
screening in the one test. Th is type of test ing is particularly usefu l for 
emerg ing pathogens requiring multiplexing assays w here the typing 
and sub-typing of t he organism can be obtained in t he one test. Thi s 
app lication has the potent ial to be miniaturised, enabling bedside 
testing (hand-held gene ana lysers), and thus wi ll alter the future 
implementation and application of DNA diagnost ic assays. Currently 
the cost of this methodology limits its use in t he laboratory. 

Bio-defense detection 

W ith the emergence of bio-terrorism rapid, hands- free, closed systems 
(to avoid contamination or carryover) t hat can be used in the f ield 
are an important area that is being developed for the detection of 
organ isms such as anthrax, plague, sma llpox, ricin toxin, Staphylococca l 
enterotoxin-8 and avian flu (27). Molecu lar detection is also required 
for possible agents of bio-terrorism to provide rapid discrimination of 
weaponised pathogens from harmless laboratory-adapted or vaccine­
related strains (13). An example is the use of Real time PCR to provide 
rapid screening for the presence of Bacillus anthracis spores (6). 

The molecular world is constantly developing and has huge potential. 
Current methods can be improved to decrease detection time and 
further enhance specificity and sensit ivity. As PC R cannot satisfy all the 
molecu lar needs of the microbiology laboratory, non-PCR ampl if ication 
methods are being developed further. Molecular detection is a powerful 
tool for the detection of infectious agents in the medical microbiology 
laboratory and advances in th is f ield wi ll greatly enhance patient care. 

Molecular testing technolog ies currently ava ilable in New Zea land can 
be viewed in Table 4 . 
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SYBR Green I Overview 
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Figure 1. SYBR green probes. 

A. Denaturation. Single stranded DNA, primers and SYBR green probes. 

B. Annealing. Primers bind. 

C. Extension. Taq polymerase anneals at the primer site and extends the 
primers to form eDNA and SYBR green probes bind to any dsDNA, 
giving off fluorescence . 

D.Cycle completed, producing a copy of the target sequence. 

Picture reproduced by permission of Roche Diagnostics, New Zealand. 

Hydrolysis Probe Overview 
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Figure 2. Hydrolysis ('TaqMan®') probes. 

A. Denaturation. Single stranded DNA, primers and single target specific 
fluorescent labelled probe. 

B. Annealing. Primers and target specific probe bind. 

C. Extension. Taq polymerase anneals at the primer site and extends the 
primers to form eDNA and in the process "overwrites" the probe, 
breaking it into separate nucleotides (hydrolysis), separating the 
reporter and quencher resulting in fluorescence. 

D.Cycle completed, producing a copy of the target sequence. 

Picture reproduced by permission of Roche Diagnostics, New Zealand. 

Hybridization Probe Overview 

II J 

Roche Diagnostics NZ Education Centre 

Figure 3. HybProbe™ hybridization probes. 

A. Denaturation. Single stranded DNA, primers and two target specific 
fluorescent labelled probes. 

B. Annealing. Primers bind and both labelled probes bind in close 
proximity, LC Red 640 emits a signal (FRET) only when both labelled 
probes are hybridized to the target sequence. 

C. Extension. Taq polymerase anneals at the primer site and extends the 
primers to form eDNA, releasing and separating the probes. 

D.Cycle completed, producing a copy of the target sequence. 

Picture reproduced by permission of Roche Diagnostics, New Zealand. 
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Pathogen Testing laboratory and Sample type Notes/comments 
method of detection 
(where available) 

Adenovirus A+CHL2
•
8 Respiratory - nasopharyngea l swab Alternative - ce ll culture, method of choice (C HL). 

or aspirate, sputum. Red eye, pneumonia, hepatitis, encephalitis, 
Urine (A+, CC HL). haemorrhagic cystitis, gastroenteriti s. 
Faeces, tissue biopsy (A+). 

Aspergillus spp. CHL2 EDTA blood. Alternative - culture, slow growing and requiring 
specia lised cu lture media.Fungal PCR.Assay is 
specific for pathogenic Aspergillus spp. 

Atypical Mycobacterium 
spp. (refer Mycobacterium 
tuberculosis) 

Avian Influenza A+, Respiratory- nasopharyngeal aspirate Bird flu.Not cu ltured due to highly infectious nature 
ESR3 (NPA), pernasa l swab, sputum. of specimen. H5N1 only (CCHL). 
CCHL 
CHL3 

Bartonella henselae (Cat A+ a EDTA or CPO blood, tissue. Alternative - culture, slow growing and requiring 
Scratch Disease) specialised cu lture media; formerly named 

Rochalimea henselae. 

BK virus A+CHL Urine and EDTA blood, cerebospinal Polyoma virus. Haemorrhagic cystitis. 
fluid (CSF). 

Bordetella pertussis A+, Dry nasopharyngeal swab. Alternative - culture, slow growing and requiring 
Waikato specialised cu lture media. Pertussis, whooping 
CC HL1 cough . PCR remains positive longer than cu lture. 
CHL3 Confirmation and typing (ESR). 

Chlamydia trachomatis A+ s First catch urine (FCU), endocervix/ Alternative - ce ll cu lture, slow growing and 
Waikato6 urethral swabs. Eye swab (CCHL). requ iring specialised cell culture. Lymphogranu loma 
CCHL4 venereum (LGV) typing (APATH). 
APATH6 

CHL5 

Various other laboratores 

CJD Australian CJD CSF 0.5 ml, 20 ml EDTA whole Specimens forwarded from CHL. Creutzfeldt-Jakob 
registry, Melbourne blood. disease, 14-3-3 protein, prion protein gene, PRNP, 
University spongiform encephalopathy. CJD polymorphism 

risk factor codon 129. 

Coronavirus (refer human SARS, human coronavirus. 
coronavirus) Common cold. 

Coxsackie virus (refer Hand foot and mouth disease. 
Enterovirus) 

Cytomegalovirus (CMV) A+, EDTA blood, tissue, CSF, Alternative - cell culture of tissue and urine, slow 
CCHL1 bronchoalveolar lavage (BAL), urine, growing virus. Qualitative and quantitative PCR. 
CHL1

•
2 amniotic fluid, respiratory. CMV drug resistance testing, EDTA blood (A+). 

Echovirus (refer Enterovirus) 

Enterovirus- Coxsackie A+ CSF.Acute phase serum (A+) Alternative - ce ll culture, slow growing virus, 
A and B, Echovirus, Waikato1 samples sites vesicle fluid, throat, and rectum. 
Enterovirua, Poliovirus CCHL1 Culture enables typing of virus. CSF culture not as 

ESR successful as PCR detection (low vira l load). Polio 
CHL2 typing PCRIELISA from culture isolate (ESR). 

Epstein Barr virus (EBV) A+, CSF, fresh t issue A+.EDTA blood, Infectious mononucleosis, glandular fever. 
unseparated, stored at room Quantitative PCR. 
temperature, CC HL. 

Hepatitis B (HBV) A+ 
ESR6 

Serum, liver biopsy. Quantitative. HBV YMDD mutation, serum (A+). 
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Pathogen Testing laboratory and Sample type Notes/comments 
method of detection 
(where available) 

Hepatitis C (HCV) A+ 4 

CCHL 4 (qual. only) 
Serum, liver biopsy. HCV qual itative, quantitative and genotyping, 

ESR 
CHL1 (qua l.& 
genotyping only) 

Hepatitis D (HDV) A+6 Serum, liver biopsy. HDV 

Herpes simplex virus (HSV 1 A+ CSF, tissue, lesion swab, BAL. Alternative cell cu lture, DFA (where indicated) 
and 2) Waikato1 Typing by Real time PCR using meltback analysis 

CCHL1 for virus typing. In house PCR, typing by restriction 
APATH 1 endonuclease (RE) digestion for CSF (CHL) 
CHL1

•
2 

Herpes zoster virus (refer HZV 
varice lla zoster) 

Human coronavirus CHL3
·
8 Respiratory - nasopharyngeal swab (not SARS) HCV 229E, HCVOC43 

(NPS), lung, sputum . 

Human herpes virus type 6 A+ EDTA blood, CSF. Roseola infantum, xanthema subitum, Sixth 
(HHV6) CHL1 disease. 

Human herpes virus type 8 A+ EDTA blood, serum, biopsy. Karposi Considered a necessary prerequisite for Karposi's 
(HHV8) sa rcoma, bone marrow (BM). sa rcoma. Association with a number of conditions 

including multicentric Castleman's Disease, multiple 
myeloma and in primary effusion lymphomas (A+). 

HIV A+ Qualitative 1 X EDTA blood. Human immunodeficiency virus, AIDS, retrovira l 
Wa ikato Quantitat ive 2 x EDTA blood. ill ness. HIV vira l load (VL). Qua litative, quantitative 
CC HL4 PCR. Pro-viral HIV DNA (H IV1 and HIV2) (A+) HIV 
CHL4 (HIV VL only) genotype resistance testing (A+). 

HIV drug resistance A+ 1 x EDTA blood. HIV resistance testing. 
genotying 

Human papi lloma virus A+ Tissue, biopsy, genital swab, scraping, HPV cannot be cultured. Genital warts, papi lloma 
(HPV) Waikato7 cytobrush. virus 

Influenza A, B A+, Respiratory- NPA, pernasa l, sputum. Alternative, DFA, Rapid testing, cell culture.A+ 
ESR3 influenza A on ly. Refer Avian flu separately. 
CHL3 

JC virus A+ CSF, urine. Polyoma virus . Jamestown Canyon virus. 
CHL 

Legionella spp. Waikato Serum, urine, sputum, BAL. Alternative cu lture, slow growing fastidious bacteria, 
ESR requiring specialised media, recovery rate low. 
CHL2

•
8 Sequencing for speciation (ESR, CHL). 

Leptospira spp. ESR Acute - CSF, serum/EDTA plasma. Alternative cu lture, slow growing spirochaete and 
CHL3 Convalescent- urine, t issue. requ iring special ised media. 

Measles virus A+ CSF, EDTA blood/serum, fresh brain Morbi llivirus, Eng lish measles. 
CH L3 biopsy, NPS. 

Meningococcal PCR- refer 
Neisseria meningitis PC R 

Metapneumovirus CHL1
•
8 Respiratory- NPS, sputum. Non cu lturable. Non routine. 

Mycobacterium tuberculosis A+ B CSF, t issue, pleural or pericard ia! Alternative culture- slow growing bacteria and 
(TB) CHL4 fluid, bone marrow, fine needle requiring specialised media. 

aspirate (FNA). Paraffin embedded M. tuberculosis,M. bovis, M. bovis (BCG) HSP65 for 
tissue (A+). Mycobacterium spp. 

M. tuberculosis, M. avium-complex and M. gordonae 
by Rapid DNA probes (A+), 
M. tuberculosis, M. avium and M. intracellularae (CHL). 

Mycoplasma genita/ium APATH 1 Genita l swab. Mult iplex PCR with T vagina/is, U.urealyticum and 
U. parvum also detected. 

Mycoplasma pneumoniae CHL2 Throat swab, sputum, BAL. Alternative cu lture - slow growing bacteria and 
requ iring specialised media. 
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Pathogen Testing laboratory and Sample type Notes/comments 
method of detection 
(where available) 

Neisseria meningitidis A+ CSF, EDTA blood. Alternative bacterial cu lture. 
Wa ikato Fresh tissue (CC HL). Meningococca l meningitis. 
CC HL1 Characterisation by sequencing (ESR). 
ESR 
CHL1 

Norovirus CHL2 Faeces, vomit (sometimes if no faeces Nonculturable. Ca licivirus, Norwalk-like virus (NLV), 
ESR2 (typing) available). small round-structured virus (SRSV). Genotyping by 

DNA sequencing (ESR) . 

Papilloma virus (HPV) refer 
human papilloma virus 

Parainfluenza viruses 1 ,2,3 CHL3·8 Respiratory- NPS , BAL. Alternative cell cu lture. 

Parvovirus B19 A+ Serum, bone marrow in EDTA, throat Erythrovirus B19. Erythema infectiosum (fifth 
CHL3 swab (TS), amniotic fluid, foetal disease, "slapped cheek syndrome"). 

blood, post mortem tissue, CSF, joint 
aspirate. 

Picornavirus (Enterovirus CHL3·8 Respiratory- NPS, sputum. Alternative cell culture, slow growing virus. 
and Rhinovirus) 

Polio (refer Enterovirus) Acute flaccid paralysis, AFP. 

Respiratory Syncytial Virus CHL3·8 Respi ratory- NPS, sputum. Alternative ce ll cu ltu re. RSV 

Rhi novirus (refer Common cold. 
Pico rnavirus) 

Rickettsia spp. A+s EDTA blood Typhus Fever group 
Spotted Fever group 
Tsutsugamushi Fever group 
Culture difficu lt and potentially dangerous. 

Rubella A+, CSF, EDTA blood, fresh placenta l German measles. 
biopsy, feta l blood. 

SARS (coronavirus) A+ Respiratory - NPS, sputum, lung. Severe Acute Respiratory Syndrome. SARS-Cov, 
CCHL1 
CHL1,3,8 

Faeces, serum/EDTA plasma, CSF. Urbani virus, HcoV. 

Streptococcus pneumoniae ESR CSF, PM samples. EDTA blood (CCH L, 
CCHL ESR) Tissue aspirates (ESR). 

Toxoplasma gondii A+ Acute - CSF, EDTA blood, tissue. Toxoplasmosis, protozoan parasite. 
CHL1 Intrauterine infection - amniotic fluid 

(AF), fetal blood (EDTA) Congenital 
infection - AF, placental biopsy, cord 
blood (EDTA). 

Trichomonas vagina/is APATH 1 Genital swab. Trich. Multiplex PCR with M. genitalium, 
U.urealyticum and U. parvum also detected. 

Tropheryma whipp/ei A+ CSF, fresh tissue. Whipple's disease. T. whippelei. Tropheryma 
whipplei cu lture difficult and insensitive. 

Ureaplasma parvum APATH 1 Genital swab. Multiplex PCR with M genitalium, T. vagina/is and 
U.urealyticum also detected. 

Ureap/asma urealyticum APATH 1 Genital swab. Multiplex PCR with M genitalium, T. vagina /is and 
U. parvum also detected. 

Varicella zoster (VZ) A+ CSF, EDTA blood, (A+, CCHL), t issue, Alternative- culture, difficu lt to grow. Chicken 
Waikato skin/genita l swab. pox, shingles, VZV, VZ, HZV, herpes zoster, zoster. 
CCHL1 CSF In house PCR (C HL) 
CHL1·2 

Whipple's disease (refer 
Tropheryma whipplei 

Additionally A+s Any sample where organisms are Universal primers for 16S rRNA amplification and 
Bacterial species seen on Gram stain . sequencing . For speciation to genus level (and 

sometimes to species level). The test is for guidance 
only and in conjunction with cl inica l consultation. 
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Molecular detection method: 

1. Real time PCR 

2. PCR in house 

3. PCR in house nested 

4 . Cobas Ampl icor (PCR and ELISA) 

5. SDA - Strand displacement amplif ication 

6. Real t ime PCR (Cobas Taqman) 

7. Nucleic acid hybridisat ion w ith signal amplifi cation (Digene) 

8. Requires consul tation w ith the Microbiolog ist 
References for testing laboratories: 

A+- Labplus, Auckland City Hospital, Auckland. Laboratory Handbook 
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TH Pullar Address 
Stairway to science 

Dennis Reilly 
Manager, Biochemistry Immunology Department, Diagnostic Medlab, Auckland 

Firstly I would li ke to thank Council for the honor and privilege of 
presenting this 40th year anniversary TH Pullar address. 

It was first started in 1967 to acknowledge at each annua l scientific 
meeting the contribution that Thomas Henry Pullar had made to our 
Institute. Austra lians in the aud ience may not be aware of Thos Pullar 
as he was affectionately known. He was born here in Auckland in 
1907, but later his family returned to Ed inburgh Scotland where Thos 
eventua lly followed his father's footsteps into medicine. He graduated 
in 1929 and started his professional career as a biochemist to the 
Sheffield Royal Hospital. In 1937 he moved to New Zealand taking up 
a position as pathologist at Palmerston North Hospital, a position he 
held for 25 years. In those days, and likewise today, medical scientists 
and technicians were the backroom staff and Thos championed and did 
much to promote them on their stairway to science. He helped to lay 
down the foundations for medica l laboratory science throughout the 
country, involving himself w ith the training and welfare of all staff. He 
drafted a number of cond itions of employment as we ll as setting up 
sy llabi for the M inistry of Hea lth's laboratory discipline examinations. 

In 1963 his worsen ing hea lth demanded a lighter workload and he 
moved to Tauranga and worked part time at Tauranga Med lab. Thos 
Pullar died on the 29 August 1966 

During January 1965 I started my Stairway to Heaven when I started 
as a trainee at Hamilton Medical laboratory. This was a very interesting 
time in the Industry w ith severa l new technologies being released which 
had world w ide application. 

Rosalyn Yalow, in a paper accepted for publication in March 1960, 
described a new accurate and elegant methodology "Immunoassay 
of endogenous plasma insu lin in man". Wh ile chemical methods for 
ana lysis of hormones in blood & urine were in common use in the 
1950's, specific analytical procedures were not available for peptide 
hormones mainly because of their occurrence in blood in extremely low 
concentrations. She had been working in the area of diabetes research for 
some time and found that diabetic patients who had received injections 
of the polypeptide hormone insulin had developed antibodies against 
the hormone. Now, this conflicted against the prevailing concept at that 
time, the understanding was that such a small protein as insulin could 
not be antigenic and for sometime her articles had not been accepted 
for publication . Rosalyn had to argue with the establishment for quite 
some time before her article would be published. 

The insul in antibodies formed a soluble complex with added insulin 
labeled with radioactive iod ine, and furthermore, when non-labeled 
insulin was added to this mixture it cou ld displace the labeled insu lin 
bound to the antibody. This may be expressed in another way: the 
percentage bind ing of labeled insulin to the antibod ies is a function of 
the total insul in concentration in the solution. 

This was to become the starting point for determination of insulin and, 
later, for all peptide hormones in blood, other flu ids and t issues. In a 
series of bril liant, now classical papers, she described the RIA in detai l. 
It was accomplished by a spectacular combination of immunology, 
isotope resea rch, mathematics and physics. 

Also at this t ime there was another significant paper in Clinica Chimica 
Acta Vol 5, Issue 4, Ju ly 1960, p453-459 on "The estimation of thyroxine 

in human plasma by an electrophoretic technique" by Roger P Ekins. 
Here Professor Ekins relied upon the quantitative dependence of the 
distribution of thyroxine between albumin & thyroxine binding globulin 
when exogenous radiolabelled thyroxine is added to serum in vitro. 

Today, we have at our disposal a large number of RIA-l ike procedures, 
the so-cal led ligand methods for determination of anything you wish to 
measure enzymes, viruses, antibod ies, drugs etc etc. As an example of 
this versatility the Los Angeles Times reported in September 2005 in 
their art section, about a pa inting from the 1600 that was hanging in 
the Getty museum and the debate that was going on in the art circles 
about what material had been used to produce the skin colour of the 
mythical Greek figures. A small piece of the artwork had been taken 
and using an ELIZA method and it had been identified as egg white. 

In 1957 Leonard Skeggs invented the autoana lyser in his home 
basement and it's widespread introduction during the 1960's resulted 
in an exponential increase of testing, and forced a rad ical and profound 
change on the organisation of laboratories. Previously the number 
of tests were restricted because of limitations of staff ava ilabi lity and 
inclinat ion. The autoanalyser with it 's 40 tests/hour opened up the 
prospect of test volume being limited only by the number of analysers. 
Development moved from single test analysers to 6, 12 and SMAC 
w hich cou ld produce 20 test results every 20 sees. 

As t ime went by control and discretion were removed from the staff 
and placed directly onto the analysers. For example, haematology 
departments screened all blood films manua lly in those days compared 
with now where modern analysers screen up to 80%. 

This mechanization of work forced changes on the laboratory 
organisation, almost simu ltaneously w ith the advent of autoanalysers 
was the introduction of a new work group, the laboratory assistant. 
Increasing ly ana lytical functions were done by one or two machines 
with relatively unskilled staff feeding the samples in. 

Most technolog ists took to the autoanalysers with enthusiasm and used 
their expertise to convert manual methods onto the systems. Some 
technologists transferred from the traditional laboratories to work 
in the medical supply companies to create new systems and develop 
reagent kit sets. 

Kit sets were a major change at that time. Some of us still practicing 
our craft in 2007 can recall having to make up most, if not all, of their 
own reagents and primary standard before starting a test procedure. 
Most departments had an extensive chemical store to prepare simple 
stable reagents. However, once this kitset industry got under way, it 
grew rapidly to cover a w ide menu of tests includ ing enzyme assays, 
antibod ies, specific proteins, and RIA. 

The kit sets contained all the calibrators, QC samples and reagents 
necessary for performing batches of tests in a single package. Specialised 
staff were no longer required to prepare complex reagents, they could 
be bought in a kitset and in combination w ith analysers were producing 
improved analytical precision. Procedures that previously required 
hierarchica l specia list departments were central ized and new names 
were being heard, Core Lab, Immunochemistry, Biochlmm and Ha lls 
of Automation . 
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In the 1970's, many innovations were happening in laboratory, 
computers were changing the way we did th ings. Previously patient 
results were manually typed and Xeroxed by secretaries ready to be 
posted. This progressed to results being written onto key punch cards 
for data entry staff to enter. Today staff are ab le to directly to enter 
resu lts onto the patient computer record and sent paperless by emai l 
to the practitioners ' own personal computer system or result repository. 
Some technolog ists took to the new computer technology and because 
of their background knowledge in laboratories were able to write 
relevant and effective software code. 

Innovation was happen ing in other areas of society. You may remember 
Led Zeppelin's Sta irway to Heaven, first heard live in Belfast March 5 
197 1 w ith Jimmy Page playing his famous Gibson double necked guitar. 
Th is is stil l one of the biggest selling, single pieces of sheet music, with 
approximately 15,000 copies sold every year. 

Quality assurance accreditation in New Zealand was legislated for in 
1972 and the Testing Laboratory Registration Council was forma lly 
established the fo llowing year, adopting Telarc, New Zea land as its 
operational name. Telarc became the second such body in the world 
and was closely modell ed on the Austral ian accreditation body, NATA. 
NZ medical laboratories became accredited based on the ISO 9002 
standard which has been upgraded from time to time. The current 
15189 standard is used by laboratories as a reference point to deliver a 
world class laboratory service to their patients. 

The NZIMLS also had to change to keep up w ith these developments 
over the yea rs. It introduced a QTA examination to give some direction 
and control to the number of assistants who had been employed. Th is 
was a major undertaking setting up syllabi for all the disciplines took 
some t ime and effort. There has been much debate over the years over 
w hether the NZIMLS should continue supporting the QTA examinations 
and I am pleased to see the examination continuing and indeed now is 
recognised by the Min ister of Health as a reg istrable qualificat ion . 

Medica l laboratory scient ists' training has changed from the 5 years at 
the bench apprent iceship t raining to a 4-year, fulltime university course. 
Students must now invest signifi cant t ime and money to complete the 
course, along w ith other improvements it does al low a stepping stone 
onto higher qua lif ications w hich a number of graduates have taken. 

This Stairway to Science requ ired the NZIMLS to be more involved in 
t he support of its members and following the spin-off of the industrial 
responsibilit ies, t he Special Interest Groups (SIG) were set up in the 
80's to foster continuing education allowing the scientists to keep 
abridge of new th inking and knowledge. The SIG structure has spread 
the responsibility down from Council to the scientists and has worked 
very well with good support from the members. The current CPD 
programme wh ich evolved from the original Board's MOLS programme 
is now well supported financially, but w il l require significant investment 
in the future to provide a comprehensive array of courses each year so 
that the members can fu lf ill their statuary competency obligations. 

On the 14th July last year, t he Auck land DHBs made a decision w hich was 
of major importance to Aucklanders. While this was a productive time 
for the cartoonist , unfortunately the laboratory science publicity was 
for all the wrong reasons. This Stairway to Science that had been bu ilt 
up in Auckland was under serious threat. At this time most laboratories 
throughout the country were undergoing simi lar upheavals. 

Th is decision had a high impact on the industry as a whole. On that 
Friday (Bastille Day) the AD HB signed an agreement for community 
laboratory testing for an interva l of 8 years for a sum of $565M w ith 
an Auckland Pathology Consortium that had no laboratory, no staff, no 
equ ipment, no computer system but was confident this was all to be 
in place w ith in 12 months. Qu ite obviously quality issues were not high 
on their agenda even though Audit NZ with thei r brand line of "rest 

assured" had been involved and given the deal its tick of approval. 
The AD HB had referred on a number of occasions in their RFP to the 
requirement of a " high quality" , "comprehensive quality pathology 
service", " maintaining or improving service qua li ty", "quality, cost 
effective and sustainable pathology service". All this had been ignored 
w ith the prospect of saving money. 

The senior scientists at DML were to be quite frank ly insulted by th is 
decision, having devoted their entire youth and adulthood to the task 
of mastering that peculiar mixture of craft and science that is medical 
technology they found themselves being t reated as though their 
work was of no parti cu lar account, or worse still as wasting resources 
performing unnecessary laboratory tests. It was not right that a group of 
ind ividuals who had provided a world class laboratory service for more 
than 70 years to the Auckland community should be dumped. It was 
simply not right. The managers wrote a letter to their colleagues stating 
that they were committed to staying at DML and had no intention of 
moving to the new lab and see their history be destroyed. It is th is 
passion for the profession and commitment to patients that ultimately 
won the day aga inst a change that came very close to happening. 

There are still challeng ing t imes ahead for laboratory services in New 
Zea land, w ith hea lth expenditure per ca pita held below other OECD 
countri es and laboratories are operat ing under capped budgets. In 
the Wellington Capita l Coast region, the patients of private specialists 
are no longer eli gible for public funded laboratory testing and in the 
Bay of Plenty the community contract excludes "well ness testing", 
even though this appears to be in confli ct w ith the medical conditions 
targeted under the primary hea lthcare st rategy such as diabetes, rena l 
and cardiovascu lar disease. 

There clearly needs to be a NZ overall plan driven by the Min istry so that 
the laboratory profession can continue in an organ ized way. At present 
there is little incentive for investment, both financially and professiona lly 
and these major uncertainties are having an affect on the recruitment 
and retention of our essential laboratory workforce. 

I believe the Minister should observe what is happening in Australia 
where there is significant investment and an overa ll plan for laboratory 
services. At present the country is stuck with the confusion. The Minister 
needs to address this situation urgently. 

I believe the NZIM LS needs to continue to work closely with AIMS on 
a number of these issues, t hese combined meetings are a splendid 
opportunity to discuss mutual problems and find solutions. In all areas 
of NZ society there is an increasing closer relationsh ip w ith Australia 
wh ich I fully support. We must maintain our close ties with the AIMS 
working together in such areas as continu ing education to continue this 
Stairway to Science. I w ish you well with your congress, make the effort 
to bu ild new contacts w ith other laboratory professionals and do what 
you can to further our two great Institutes. 

Kia horo te marino 
Kia papa-pounamu te moana 
Kia tere te karo hirohi 

May calm be widespread 
The sea li ke greenstone 
And may the shimmer of summer 
Dance across your pathway 
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Australian Journal of Medical Science Abstracts 

Catch pooleD, deFazio A, Deveraux L, Fleming M, Hof M, Schmidt, 
Thorne H, Zeps N. The importance of biorepository networks: 
the Australian Biospecimen Network- Oncology. Austr J Med Sci 
2007; 28: 16-20. 
The va lue of banking human tissue samples for research is recognised 
as necessary for progress into understanding human disease and has 
let to the establishment of biorepositories throughout the research 
community. While single institution t issue banks have been highly 
beneficial, it has become clear that information and resource sharing 
between banks has great potential to increase the number and overall 
value of tissue specimens available to medical researchers. Recognising 
this potential for enhancing already valuable tissue resources led to 
the establishment of the Australian Biospecimen Network (ABN) in 
late 2001 and the ABN-Oncology consortium in 2004. The ABN seeks 
to build on existing cooperation and collaboration by establishing an 
Australia-wide network of tissue biorepositories that collect cancer 
related tissue using established and accepted guidelines and protocols. 
The coordinated network of tissue banks has led to a significant 
enhancement of biospecimens for research that wi ll eventua lly increase 
our understanding of human diseases including cancer. 

Leong TV, Leong AS. Variables that influence outcomes in 
immunohistology. Austr J Med Sci 2007; 28: 47-59. 
Despite entering its fourth decade of existence, immunohistology as 
a diagnostic tool continues to experience poor reproducibility. This 
problem is highlighted as t he technique is employed as a quantitative 
assessment of therapeutic and prognostic markers in a number of 
neoplasms. While qualitative applications continues to increase with 
the range of sensitive antibod ies available, numerous variables that 
influence the immunoexpression of proteins in formalin fixed exists 
in the pre-ana lytical and ana lytical phases of the test procedure. Pre­
ana lytical variables are currently beyond the control of the laboratory. 
Tissue fixation is critical but exposure to fixative prior to accessioning in 
the laboratory cannot be contro lled. Antigen retrieval, another pivotal 
procedure in immunohistology, continues to be employed in an empirical 
manner with the actual mechanism of action remaining elusive. There 
is great variation in reagents and duration of tissue processing and the 
immunostaining procedure is not standardised between laboratories. 
Variables in interpretation exist and cutoff thresholds for positivity are 
variable. Failure to recognise false positive and false negative stains leads 
to errors of qualitative interpretation . Many of the problems related 
to the technology and interpretation of immunostaining originate 
from failure to recognise that this procedure is different from other 
histological stains. Accurate and reproducible quantitative assessment 
of immunostains remains elusive as important variables that impact on 
antigen preservation in the paraffin embedded biopsy currently cannot 
be controlled. 

Gardner S, Kewley R, Car G. Insulin resistance. Austr J Med Sci 
2007; 28: 60-74. 
Insul in resistance has many causes, and is difficult to define. The most 
easily defined role for insulin is the promotion of glucose removal from 
the blood, therefore much of the discussion on insu lin resistance has been 
focused on glucose. This review attempts to outline the currently accepted 
mechanisms of insulin resistance, insu lin receptors, and insulin signalling. 
The main focus has been directed at the genetic links via thrifty genes, 
type 2 diabetes, the metabolic syndrome, the degree of overweight and 
obesity, lipids, cardiovascular disease and hypertension, polycystic ovary 
syndrome, and the diagnosis and treatment of insul in resistance. 

Gardner S, Kewley R, Car G. A profi le of patients suspected of 
having insulin resistance. Austr J Med Sci 2007; 28: 75-82. 
The insulin res istance syndrome has been defined as a cluster of 
hypertension, cardiovascu lar disease, dyslipidaemia and impaired fasting 
glucose in individuals w ith raised fasting plasma insulin levels. The 
development of insulin resistance may be genetic, or due to modifiable 
environmenta l factors such as weight increase and/or lack of physical 
activity. The aim of this study was to investigate possible relationships 
between insulin resistance, glucose impairment, obesity and life style 
factors in a small community in rural Australia. This study highlighted 
that 89% of the 53 participants, who were referred by their general 
practitioner for testing for insulin resistance, were overweight or obese. 
Total cholesterol and triglycerides were raised in 25% of participants, 
with high density lipoprotein-cholesterol (HDL) levels lower than the 
suggested guidelines of the National Heart Foundation. Impaired fasting 
glucose was found in 20% of participants, with 49% of participants 
having a family history of diabetes. Insulin resistance was demonstrated 
in 59% of participants with a homeostasis assessment model (HOMA 
index) of ~2.2 and 7% of participants were borderline insu lin resistant. 

Lean SY, Adams MJ. A role for the tissue factor pathway 
in the pathogenesis of the antiphospholipid syndrome. 
Austr J Med Sci 2007; 28: 99-107. 

The antiphospholipid syndrome (aPS) is a systemic autoimmune disorder 
that is characterised by laboratory markers of anti phospholipid antibodies 
(aPL) as well as clinica l manifestations such as arterial and venous 
thrombosis, recurrent pregnancy loss and thrombocytopaen ia. Although 
it is unclear precisely what mechanism(s) lead to thrombosis in aPS, it 
is probable that the contribution of aPL such as anti-B-2-glycoprotein-1 
(anti- B2GP1) is significant. Indeed, there is increasing evidence that aPL 
may interfere with the tissue factor (TF) pathway of blood coagulation 
and its natural regu lator tissue factor pathway inhibitor (TEPI), thus 
contributing toward the development of thrombosis in aPS. This paper 
will therefore review 1) the TF pathway of blood coagulation and TFPI, 
2) clinical and laboratory aspects of aPL and aPS, and 3) interactions of 
aPL with the TF pathway, to highlight the potential significance of these 
in the pathogenesis of aPS. 

Cooper S, Zarkos K, Jurinkulravanish T, Dolotin M, Brown 
R. Diagnosis of hereditary spherocytosis by flow cytometric 
detection of eosin-5'-maleimide binding to band 2. 
Austr J Med Sci 2007; 28: 109-11. 
A screening test for hereditary spherocytosis (HS) using the dye eosin-5'­
maleimide (EMA) has been evaluated in our laboratory, which previously 
used both the hypertonic cryohemolysis and acidified glycerol lysis 
assays. The test is rapid, easy to perform and is the test of choice for 
laboratories that routinely perform flow cytometric assays. 
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Use your knowledge of the medical 
laboratory sector to improve practices 
nationwide. 

OA 
(international 

accreditation 
new zealand 

New Zealanders rely on safe and accurate medical testing but we know it doesn't 
happen of its own accord. Medical Laboratories must strive to achieve the highest 
standards of quality. To give assurance that this is being maintained, these laboratories 
are expected to demonstrate these standards to an independent body. 

IANZ fu lfils this function, servicing a wide range of sectors throughout New Zealand. 
Its cl ients include organisations that provide medical testing services in DHBs and 
private laboratories. It enjoys wide national and international recognition for the quality 
and integrity of its services. 

This role of Programme Manager will involve leadership of a small team of assessors 
in conjunction with the management of an established client portfolio. The appointee 
will themselves lead assessments of management systems and personnel in medical 
testing laboratories throughout New Zealand. Full and sustained training for the role 
will be given. The position is based in Auckland. 

Who are we after? People who have: 
• A tertiary medical laboratory qualification and professional recognition in the 

medical field 
• Broad experience in the medical laboratory sector 
• Team leadership skills 
• Strong report writing abilities 
• Good client liaison skill s with the ability to present professionally. 

The appointee can expect their role to grow in scope including opportunities to directly 
influence the development of international standards. I 
Contact David Ireland or Peter Browning ;,; 
on (09) 915 9150 or apply on line at 
www.farrowjamieson.com quoting MLS6616. farrow jamieson 

wise people .. . wise move 



A three week clinica l biochemistry course was held at the PPTC from 28 
May -15 June 2007. There were six participants: Sera Ka lkie from Vi la 
Central Hospital in Vanuatu, Paul Makikon from the Northern District 
in Vanuatu, Gretna Tauma from Tungaru Central Hospital in Kiribati, 
Trusty Boisek from the Palau National Hospital, Palau, Makerita Sooa lo 
from Medcen Hospital in Apia, Samoa and loichi Aut from Chuuk State 
Hospital, Federated States of Micronesia. 

This was only the second biochemistry course to be held at the PPTC 
the first being held in 1986. The major emphasis of this course was 
on non-communicable diseases which are becoming a major health 
issue in the Pacific Island countries as they are in t he rest of the world. 
Lectures were given to the participants by laboratory staff of Wellington 
Hospital on topics such as heart, thyroid, renal diseases and diabetes. 
Representatives from several companies who have biochemistry 
ana lysers in Pacific Island laboratories gave demonstrations of their 
equipment and also discussed maintenance and trouble shooting issues. 
Lectures were also given on specimen collection, send-away specimens, 
QC, EQA, standard operating procedures, stock control, laboratory 
information systems, and staff relationships. The students had tours of Participants of the cl inical biochemistry course and f riends of the PPTC. 
the Wellington Hospita l laboratory, NZ Blood Service Wellington Centre, 
and Welli ngton Hospital Emergency Department. At the end of t he 
course Dr Michae l Crooke, Chemica l Patholog ist, presented certif icates 
to t he course parti cipants and congratulated them on their attendance 
and participation in t he many and var ied lectures. 

Participants of the clinical biochemistry visiting the Wellington 
Hospital laboratory 

Blood bank technology course 

A very successful blood bank technology course was held during 
August. We had three participants : Mine Kojet from Majuro Hospital in 
the Marsha ll Islands, Osborne Soma f rom Lata Hospita l in the Solomon 
Islands, and Michael Taloifaga from Kiluuf i Hospital, So lomon Islands 
. The PPTC is very grateful to the Wellington Area Centre of t he NZ 
Blood Service for aga in running the t raining programme and especially 
John Dagger for all his hard work. Mrs Jeanette Watson, Team Leader 
Blood Bank, presented certifi cates to t he part ici pants at the end of the 
cou rse and encouraged them to cont inue working hard to keep Blood 
Transfusion safe in t he Pacifi c. 

Participants of the 2007 blood bank technology course. 

Minister of Foreign Affairs Pacific Mission: 

Rob Siebers, a PPTC Management Committee Member, recently was 
chosen to represent the PPTC on the Minister of Foreign Affairs' (the Rt. 
Han Winston Peters) Pacific Mission. 

The delegation was made up of the Minister of Foreign Affairs, other 
Ministers and Members of Parliament, Ministry officials, academics, 
non-Government Organ isations, academics, and journalists. Over a 
period of six days, the delegation visited the Solomon Islands (1 day), 
the Marshall Islands (11/2 days), and Samoa 3 days). 

The delegates had a very hectic schedu le, with many meetings with 
government and ministry officials in t hose three Pacif ic countries, as 
well as visits to New Zea land Aid projects. Rob did, however, f ind some 
t ime to visit the laboratory staff at t he main hospital in Samoa. 

Overall, it was a good opportunity to showcase t he PPTC in t hose 
count ri es as well as to the other delegates. In most instances, the PPTC's 
name and reputation was already well known. 



Journal article 
questionnaire 
for the Haematology Special Interest 
Group section of the NZIMLS journal, 
Issue November 2007 

Marie A. Gertz. "Management of cold haemolytic syndrome" 

British Journal of Haemato!ogy, June 2007, Vol 138, p 422-429 

Questions: 

1. The antibody of paroxysmal cold haemoglobinuria (PCH) was first 
described by who and when? 

2. What class and specificity has the PCH antibody7 

3. PCH affects mostly what age group? 

4. The haemolysis in PCH is extravascular, True or False? 

5. Sp lenectomy has no ro le in treatment for PCH, True or False? 

6. What is the name of the specific test for PCH? 

7. The test for PCH depends on what characteristic of 
the antibody? 

8. What modification of the PCH test enhances detect ion of low 
titre antibodies 7 

9. The test for PCH may be ini tially negative, True or False? 

10. What is the class of antibody present in cold agglutinin disease? 

11. What is the main specificity of the antibody in cold 
agg lutinin disease? 

12. The haemolysis in cold agg lutinin disease is intravascular, True 
or False? 

13. Post infectious cold agg lutinins are most notably associated with 
wh ich two cond itions? 

14. Haemolytic anaemia associated with monoclonal cold 
agglutinins is less serious than that of polyclonal cold agglutinins, 
True or Fa lse? 

15. Why is cold agg lutinin haemolysis more res istant to therapy than 
warm antibody mediated haemolysis? 

16. What are typical laboratory features of cold agglutinin disease? 

17. What therapeutic drug has shown a favourable response in cold 
agg lutinin disease? 

Questions prepared by Jacquie Case, Haematology Dept., Middlemore 
Hospita l. For a copy of the journa l article, Ph 09 276 0044, xtn 8515 
or e-ma il jcase@middlemore.co. nz 

Answers on page 94 

Thermo Fisher 
SC I E NTI F I C 

DISTRIBUTED BY 

MEDICA ~PACifiCA lTD 

Thermo Scientific Shandon CheckMate"' Verification System 

Eliminates specimen mix-ups and ensures result integrity in Anatomical Pathology Labs 

Cassette and slide verification has never been easier ... 
With proprietary software, PC and symbol digital imager, Shandon CheckMate is a powerful 
specimen security tool. Specimen labels with machine-readable data formats, such as 
barcodes or OCR fonts, are scanned and the two unique specimen identifiers are compared 
by the system. Audible and visual alerts provide immediate, positive proof that the 
specimens match or not. Shandon CheckMate is compatible with linear barcodes, 2-
dimensional barcodes and OCR font. 

Eliminate sample misidentification and ensure result integrity in your AP laboratory: 

D Shandon CheckMate provides the highest level of confidence that diagnosis is made 
from the right sample 

D Eliminates manual work/visual checks in the laboratory 
D Compatible wi th barcodes or OCR font on slides, cassettes and containers 
D Eliminates error potential of paper label, print-on-demand systems 
0 Compatible with any existing laboratory numbering system 
D Data export to all Microsoft data software (i.e. Excel, Access, etc.) 
D On demand data access for lab managers 

At the grossing station: 
D Scan the specimen 
D Scan the cassette 
D Get a visual and audible indication that specimens match 

At the microtome: 
D Scan the cassette 
D Scan the slide 
D Get a visual and audible indication that specimens match 

For pricing, ordering and technical information please contact either Bhoo Gautam 
(bhoo@medica.co.nz) or Dennis Yep (dennisy@medica.co.nz) on FREEPHONE 
0800106100. 
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President's report 

This fin ancial year commenced with a significant init iati ve for Council , 
a rev iew of t he structure of the Executive Office. Recent yea rs have 
seen a significant increase in workload for Fran and the team in the 
NZIMLS Executive Office. This has been attributable to a marked 
increase in Institute membersh ip, w hich has grown over the last three 
years from four hundred and fifty members to the current membership 
of approximately two thousand. A significant contributory factor 
has been the uptake of the CPD programme by med ica l laboratory 
scientists for whom participation, and satisfactory performance, in a 
recertification programme is mandatory for the issuance of an Annual 
Practicing Certificate. Add itional factors impacting on the workload of 
the Executive Office have included an increase in the number of Special 
Interest Group meetings, including the addition of the North Island 
Seminar, the introduction of the QPT and QSST examinations, greater 
re liance on electron ic information systems, in particular the Institute's 
website, and lack of standard isation of accounting systems between 
the Executive Office and the Institute's accountants. During 2006 it 
became apparent to Council that add it ional resource was required 
and to th is end the review of the structure of the Executive Office was 
undertaken. Council considered a number of options for the restructured 
Executive Office that wou ld provide members w ith the best possible 
level of service, whi le having due regard to the most prudent use of 
the f inancial resources of the Institute. In a sign if icant departure f rom 
t he Institute's longstanding contractual arrangements for the provision 
of Executive Offi cer and secretarial f unctions, Council recommended 
that the Institute move to directly employ the Executive Offi cer plus an 
add it ional position of Database Administrator/Account ing Technician, 
these both to be full t ime positions. Add itional resource for specialist 
functions to be provided on a sub-contractor basis. The Institute now 
has sub-contracts for the positions of: CPD Co-Coordinator (20 hours 
per week), Webmaster (1 0 hours per week), IT Support (1 0 hours per 
week), Assistant to Executive Officer and Database Administrator (1 0 
hours per week) and Journal Advertising Manager. The provision of 
office space and equipment for the Executive Office is by way of a 
contract with eevents. Council is delighted w ith the functioning of the 
restructured Executive Office, and members can be assured that they 
are being well served. While the positions of the elected Councilors are 
transitory, for NZIMLS members Fran, as Executive Officer, is identified 
as the face of the Institute. It is to the great benefit of the organisation 
that, with the restructuring, Fran has chosen to continue in the role of 
Executive Officer. 

An important issue identified during the restructu ring process was the 
need to formally document the key functions and processes undertaken 
by Council and the Executive Office. Two members of Council, working 
with the team in the Executive Office, have made an excellent start on 
the preparation of a qua lity manual system of documentation. When 
completed the comprehensive documentation w ill minimise risk to 
the Institute as well as ensure that robust systems are in place for 
auditing purposes. 

During the year the NZIMLS has had contact w ith the Austra lian 
Institute of Medical Science (AIMS), including a meeting between the 
President and Executive Officer and the AIMS Council at t he AIMS/ 
AACB Annua l Scientif ic meeting. One issue that we have raised with 
AIMS is a req uest for New Zea land Medica l Laboratory Scient ists with 
qualif icat ions predating the BMLSc, ie COP or Diploma in Medical 
Laboratory Technology, to be recognised for membership of AIMS 
at the Professional level. The AIMS National Council has notified us 
that they will be setting up a working party to look at this and the 
broader issue of grandfathering of qualifications and requirements for 
AIMS membership. 

In recent years the NZIMLS Council and the NZ Medica l Laboratory 
Science Board (MLSB) have agreed to schedu le a yea rl y joint meeting, 
with both bod ies f ind ing t his to be a particu larly usefu l meeting. This 
year's meeting was held in conjunction w ith the May Council meeting 
and gave the Council the opportunity to raise a number of issues w ith 
the Board, including the status of technicians working in the specimen 
services section of laboratories. Council is f irm ly of the opin ion that there 
is a sign ificant potent ial risk of harm to the public for errors occurring 
in the specimen services section of the laboratory, and that specimen 
services techn icians holding a QSST shou ld be reg istered. The Board 
has recommended that the Institute submit a proposa l to this effect, 
for consideration, and a Council working party has been establ ished 
to action this. The moderation of MLS disciplines for the BMLSc 
degrees was discussed, with Council noting the difficulties in finding 
appropriate scientists to perform this important function. To improve 
this, where possible, moderation schedu les wil l be developed that al low 
for the moderation of a sing le subject across the th ree universities. In 
recognition of the commitment requ ired by moderators, Council has 
approved an add itional payment to moderators, matching the fee paid 
by the universities. 

The rationalisation and reconfiguration of laboratories throughout 
the country has seen a drop in the number of participants enro lled in 
the C PD programme, with 1 ,451 enrolled this yea r compared to 1 ,690 
in 2006. This year w ill see the completion of the initial th ree yea r 
cycle of the programme. With t his in mind Council has undertaken 
a significant review of the categories for CPD activities as well as 
the associated allocation of points. The updated recert if ication programme 
has been approved by the MLSB and pub lished in the My CPD section 
of the website. An updated CPD booklet wi ll be produced for 2008. 
It is very heartening to see the universal acceptance of the programme 
by practitioners. Those participating are now well fami liarised w ith 
the both requirements of the programme and the annual audit process. 
Submissions for the latter have been greatly simpl ified this year w ith 
the provision of a down load able audit sheetforconfi rmation of competency 
based on the practitioner's record of laboratory training documents. 
Council is committed to providing continu ing education opportun ities 
that will assist practitioners in meeting their CPD requirements. 
To this end, the MLS Classroom has been developed as an on-line 
educational tool. The Classroom uti lises multi-choice questions provided 
through the NZIMLS website. At least 100 questions are required for each 
discip line. The project has been pi loted in Haematology and the questions 
for this discipline are almost complete. Questions are req ui red for other 
disciplines, and in order that the project might advance more quickly 
I wou ld encourage members to consider submitting suitable questions. 
Deta ils about the classroom and examples of the type of questions 
that are being sought can be found under the Classroom section of 
the website. 

As the financial year closes, I would like to acknowledge the commitment 
of my fe llow Council members, as well as the dedication of those 
Instit ute members who have assiduously given of their own time for the 
betterment and progression of the profession . 

Robin A/len 

President, NZIMLS 
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Minutes of the 63rd Annual General Meeting held at SkyCity Auckland 
Convention Centre on Thursday 23RD August 2007 commencing at 7 .30am 

Chairman 

The President (R Allen) presided over the attendance of approximately 
90 members. 

Apologies 

Moved J Wypych, seconded P Austin 
That apologies be accepted from David Bunker, Martin Hampson, Mike 
Lynch, Ron McKenzie and John Elliot. 
Carried 

Proxies 

Moved R Hewett, seconded C Pickett 
That the list of three proxies as read by the Secretary be received. 
Carried 

Minutes of the previous AGM 
Motion: 
Moved A Buchanan, seconded J Wypych 
That the Minutes of the 62nd Annual General Meeting held on 24th 
August 2006 be taken as read. 
Carried 

Motion: 
Moved R Hewett, seconded A Buchanan 
That the Minutes of the 62nd Annual General Meeting held on 24th 
August 2006 be confirmed as a true and correct record. 
Carried 

Business arising 
Nil. 

Remits 
Motion: 
Moved R Hewett, seconded C Kendrick 
That Policy Decision Number 1 be reaffirmed 
Policy Decision No 1 (1971 ). That all committees and meetings convened 
under the auspices of the New Zealand Institute of Medical Laboratory 
Science (Inc) be subject to a standard reference of parliamentary 
procedure and that this a 'A Guide for Meetings and Organisations' 
by Renton. 
Carried 

Motion: 
Moved R Hewett, seconded C Kendrick 

Policy Decision No 2 (1989): That all persons wishing to undertake any 
examination offered by the Institute shall at the time of application and 
the taking of the examination be financial members of the Institute. 
Carried 

Presidents report 
Motion: 
Moved R Al len, Seconded R Siebers 
That the President's Report be received. 
Carried 

Annual report 
Motion: 
Moved M Legge, seconded W Dellow 
That the Annual Report be received and adopted. 
Carried 

Financial report 
Motion: 
Moved R Hewett, seconded C Kendrick 
That the Financial Report be received and adopted 
Carried 

Election of officers 
The following members of Council were elected unopposed: 

President Robin Allen 
Vice President Kevin Taylor 
Secretary!Treasurer Ross Hewett 
Region 2 Representative Chris Pickett 
Region 4 Representative Sandy Woods 
Region 5 Representative Anne Buchanan 

The results of the elections for: 
Region 1 Representative Joe McDermott 

Paul Austin 
Margaret Matson 

Region 3 Representative Gloria Crossley 
J Wypych 

Motion: 
Moved R Hewett, seconded T Rollinson 
That the Election of Officers be approved. 
Carried 

Presentation of awards 

21 
23 
25 
18 
37 

The award winners were announced and the fo llowing awards were 
presented by the President: 

Qualified Medical Laboratory Technician awards 
• Clinical Biochemistry - Cameron Walker, Gribbles Alpha, Hamilton 
• Haematology- Beth Caudwell, Diagnostic Medlab, Auckland 
• Histology- Carolyn Hunter, Diagnostic Medlab, Auckland 
• Immunology - Rebecca Dew, Canterbury Hea lth Laboratories, 

Christchurch 
• Microbiology- Suzi Betteri dge- Aotea Pathology, Wellington 
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• Transfusion Science - Dianne Gillard, Medlab Bay of Plenty, 
Tauranga 

• Transfusion Science, Blood Products- David Currie, New Zealand 
Blood Service, Wellington 

• Mortuary Hygiene & Technique - Bo Tindall, Canterbury Health 
Laboratories, Christchurch 

Qualified Phlebotomy Technician 
QPT- Tracey Mayall, Medlab Bay of Plenty, Tauranga 

Qual ified Specimen Services Technician 
QSST- Rena Upadhyay, LabPius, Auckland 

Honoraria 
Motion: 
Moved R Siebers, seconded T Ro llinson 
That no honoraria be paid. 

Auditor 
Moved R Hewett, seconded K Taylor 

Carried 

That Hilson, Fagerlund and Keyse be appointed as the Institute's auditors 
for the 200712008 financial year. 

Carried 

General business 
John Aitken outlined to the meeting, events that had occurred since 
the previous AGM with regard to laboratory restructuring around the 
country. He noted t hat the District Hea lth Boards (DHBs) w il l redo their 
strategy and wi ll not make the same mistakes again and he is therefore, 
now concerned that we are seen to be taking sides with the DHBs and 
that it will be difficu lt to comment publicly. 

J Aitken noted the fo llowing: 

• Appropriate ways of increasing profile of medical laboratory 
scientists and in particular the two training. 

• Issues of not enough students coming through and not enough 
experienced medical laboratory scientists to train the students. 

• Burn out is an issue. 

• There is pressure on medical laboratory scientists not to speak out 
as the Government only wants to hear good news. Suggested 
canvassing the opposition and minor parties. 

• Often requires an acute event to get media attention. Suggested 
reading the newspapers and see what can be commented on via 
a press re lease with something amusing to catch attention, eg 
chemica ls in China goods. 

A Bunker considered that a step by step plan is required. 

It was noted that Council have put together two promotional pamphlets 
- one for Schools (ca reers) and the 'Who are We' f lyer for wa lls of 
Ph lebotomy rooms etc. 

Garry Milicich, Wellington is pleased to hear an aggressive voice coming 
from our profession and feels we need to be very aggressive with 
politicians. Mike Legge, Dunedin commented that if peop le want to 

approach opposition or a Member of Parliament these people need to 
know beforehand and be briefed very well as probably may not have 
a sufficient level of knowledge of the subject. J Aitken suggested that 
on ly a one page briefing paper is requ ired. 

Gloria Crossley feels that the Institute has to do more and needs to be 
feed from the top and feed onto members. Members need to know 
what you want us to take to our local MPs. Considered that there is not 
enough togetherness and requires a lot from information from Council. 
She is particu larly concerned about the appa ll ing Innovative Project 
questionnaire noting that it does not support members as scientists, its 
supports pathologists . Considered that it is a DHBNZ problem as they 
seem to believe that t here are enough medical laboratory scientists in 
the workforce . 

C Kendrick spoke in favour of the DHBNZ init iative as we do need a 
structure in our profession and this is an idea l as professional. The survey 
is important to get feedback f rom the profession and very innovative. 

A Bunker suggested that we do not to underestimate the va lue of t he 
public as it was not t he Board that got t he registration of the OPT and 
QSST - it was the public. 

D Fa irfoot agreed with the comments being coordinated and together, 
and suggested that a PR company become involved. 

Motion: 

Moved D Fairfoot, seconded A Bunker 
That the Institute consider whether the finances are available to take on 
a PR company to promote the profession. 

Venue for the 2008 Annual General Meeting and the Annual Scientific 
Meeting 
St David 's Lecture Theatre, University of Otago, Dunedin 

Venue for the 2009 Annual General Meeting and Annual Scientific 
Meeting 

R Siebers offered Wellington as the venue for the 2009 Annual General 
and Scientif ic Meeting. 

There being no further business, t he Cha irman closed the meeting at 
8.20am. 
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Journal-based questionnaire 

Journal-based questionnaire for the November 2007 issue 

Below are 10 questions based on articles in this issue of the Journal. Read 
the articles carefully, most questions require more than one answer. 

Answers are to be submitted through the NZIMLS web site (www. 
nzimls.org.nz). Make sure you supply your correct email address. The 
site will remain open until Friday 18 January 2008. You must get at least 
8 questions fully right to obtain 5 CPD points. 

Journal-based questions: 

1 Name the basic steps for the extraction of DNA/RNA from commercial 
columns. 

2 What is required to synthesise new dsDNA and what does it 
f aci I itate. 

3 What steps does the reverse transcription PCR process consist of. 

4 Which instruments are combined into one for rea l time PCR. 

5 Name an example of strand disp lacement amplif ication . 

6 How does the ligase chain reaction differ from PCR. 

7 Which resistant st ra ins belong ing to the Eschericia genus were 
isolated from chickens in Millar's study. 

8 What are the possible transmission routes of antibiotic resistant 
bacteria. 

9 What is the unique characteristic of the sideroblastic anaemias and 
what is it the result of. 

1 0 What are the effects of alcohol on haematopoiesis. 

Questions and answers for the August 2007 journal-based 
questionnaire 

1. The screening programme for prostate cancer for South Indian 
males emphazises the importance of which three approaches. 
Digital rectal examination, ultra sound and PSA 
measurement. 

2. How was the serum PSA measured in the first case study. 
With a one step double monoclonal antibody enzyme 
immune- (ELISA) using the Enzymun-Test Kit on the 
Boehringer Mannheim ES300 immunoassay analyser. 

3. What is the protocol in Medlab Hamilton if 
an HDL cholesterol of <0.5 mmoi/L is found. 
Look at the reaction monitor and history of the patient. If 
the patient is not a known myeloma case, and the reaction 
monitor is abnormal, then a total protein is added and the 
specimen sent to immunology for protein electrophoresis. 

4. PSA is considered as an ideal tumor marker for what. 
For monitoring prostate cancer and assessing response to 
treatment. 

5. What is Medl ab Hamilton's cri terion for protein electrophoresis. 
A total protein of > 80 g/L and/or a globulin of > 40 g/ L, 
w ithout a known patient history. 

6. In the diagnostics footprints article what were the 
bone marrow f indings and what diagnosis was made. 
A marked number of myeloma cells comprising 85% of total 
white cells. Many of these plasma cells were binucleated with 
some multinucleated forming plasmacytomas. A diagnosis 
of advanced multiple myeloma was made. 

7. What is Warrick Nelson and Ben Harris' view on the likely 
source and vectors for Campylobacter in New Zealand. 
Animal (including cows, sheep, pets and humans) and bird 
excreta. Vectors: water, flies and sparrows. 

8. What is the main Campylobacter species found in 
campylobacteriosis cases and at what percentage. 
What other organism has been implicated. 
Campylobacter jejuni, about 80%. C. coli, at least 10%. 

9. By how much did the incidence of Campylobacter infection 
in the Belgian population drop by from the expected rate 
when poultry was removed from the market in 1999. 
40%. 

1 0. The Campylobacter organism is part of the normal gut 
f lora on ly in chickens ra ised in sheds. Fa lse or true. 
False. 
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Massey University - NZIMLS prize 
for 2006 

The w inner of the NZIMLS top academic award in year three of the 
Massey BMLSc in 2006 was Joshua 
Stevens. The award was to the 
value of $2000.00 and is offered 
annually by the NZIMLS to support 
students in the clinical placement 
year of the degree. Joshua is 
currently completing his clinical 
train ing at Princess Alexandra 
Hospital in Brisbane where he 
is studying Microbiology and 
Haematology. 

Joshua was born in Napier and 
ra ised w ith brother Sam by Bob and 
Sue Stevens. Early days growing up 
were spent on an orchard before 
t he fa mily moved to live in the 
suburb of Ahuriri . Joshua commenced his studies in Veterinary Science 

Answers to the HSIG journal questionnaire: 

1. Donath and Landsteiner in 1904. 

2. lgG antibody, Anti P specificity. 

3. Young ch ildren. 

4. False, it is intravascular. 

5. True 

6. Donath Landsteiner test. 

7. The Donath Landsteiner test depends on the fact that the anti 
P antibody binds to red cells and fixes complement at 3°C. 
Subsequent warming to 37°( al lows C4 -C9 activation leading 
to red cell lysis. 

8. Addition of papain treated group 0 red cells. 

9. True. 

10. lgM. 

11. Anti I. 

12. Fa lse, it is extravascular. 

13. Mycoplasma pneumonia and infectious mononucleosis. 

14. Fa lse. 

15. Because of t he density of complement on the red ce ll surface 
being re lative ly high. 

16. Extremely elevated MCV (as high as 140fl), hyperbilirubinaemia, 
elevated LDH levels and a positive direct coombs test. 

17. Rituximab. 

at Massey University in 2004 but shortly after switched to the BMLSc 
programme. Joshua grew up with a keen interest in cricket, something 
he says he would still be playing if it weren't for the time constra ints of 
study and the BMLSc degree. 

Joshua wou ld like to thank the NZIMLS for this award and the many 
academic and technical staff at the University for their mentoring and 
support throughout the programme. In addition he acknowledges the 
support of his family and fe llow BMLSc students at Massey. The many 
unforgettable and enjoyable social moments of the past years will be 
fondly remembered. 

The NZIMLS congratulates Joshua on his award and wishes him all the 
best for the future. 
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New Zea land Institute of 

Medical 
Laboratory 
Science 

NZIMLS Fellowship 
Members of the NZIMLS may not be aware of a recent change to the Fellowship regulations. It is now possible for candidates to be exempted from 
the Part 1 examination and to obta in Fellowsh ip by Part II if t hey are holders of an appropriate postg raduate qua lification . 

Rule 3.17 of t he Fellowsh ip Regulations states: 

Part 1 by exemption. Candidates applying for Fellowship by examination may be exempted the Part 1 examination if they are 
holders of an approved postgraduate qualification in Medical Laboratory Science. The course of study must meet the minimum 
requirement of the equivalent of one year's full time study. 

Post graduate qualifications recognised by the Institute, for purpose of exemption to sit the Part 1 examination are: 

• Fellowship of The Australian Institute of Medical Science (AIMS) 
• Fellowship of the Institute of Biomedical Science (IBMS) 
• Fellowship of The Australian Association of Clinical Biochemists (AACB) 
• A postgraduate qualification in Medical Laboratory Science, or an appropriate postgraduate qualification approved by the 

Fellowship Committee 

Approval of other qualifications will be at the discretion of the Fellowship Committee 

Check out the NZIMLS web site for the full regu lat ions for Fellowship. 

Chris Pickett, Rob Siebers, Ann Thornton. Fellowship Committee. 
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The key to assessing cervical cancer risk 
is accurate information about HPV. 

Roche Diagnostics NZ Ltd 
15 Rak1no Way, Mt Wellington 
Auckland 
Phone: 0800 652 364 
Fax: 09 276 891 7 

HPV infection is found in 99.7% of all cervical 
cancers worldwide2

: 

• This makes H PV "the highest worldwide attributable 
fraction .. .for a specific cause of any major human cancer"2 

The Roche AMPLICOR HPV Test (CE-IVD): 

• Utilizes PCR technology to target-and amplify- HPV DNA 
from 13 high-risk genotypes 

• Improves accuracy to allow better assessment of cervica l 
cancer risk1 

• Offers reproducible results to minimize repeat testing 
and provide definitive answers1 

• AMPLI COR HPVTest requ ires a sample size of only 
250 microlitres- ensuring that adequate H PV diagnosis can be 
made even after completion of liquid cytology screening 

• Concurrent isolation and amplification of the IS-globin gene 
assesses cellular adequacy and inhibition for each 
specimen 

LINEAR ARRAY HPV Test ( CE-IVD ): 

• Identifies 37 Genotypes of H PV to help clinicians 
track persistent infection 

Leading the way in HPV discovery 

Roche technology has been instrumental in landmark epidemiology 

studies worldwide-3D investigators, 135 publications-to characterize 

the incidence and distribution of HPV genotypes and for classification 

of the HPV types as they relate to cervical cancer. 

I. Data on file. 
2. Walboomers J, et al . Human paplllornav1rus IS a necessary cause of 1nvas1ve ce1v1cal cancer worldwide. J Pathol. 1999:189:12- 19. 

Roche. AMPLICOR, and LINEAR ARRAY are trademarks of a member of the Roche Group. 




